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Sustainability is a concept that has monopolised a large number of the scientific 
debates in a wide range of spheres connected not only with architecture, urban 
planning and construction, but also with the product market, tourism, culture, 
etc. However, sustainability is indissolubly linked to vernacular architecture 
and the lessons this architecture of the past can teach us for the future. The 
concept of sustainability as it is presented is wide-reaching and encompasses 
not only environmental issues but also sociocultural and socioeconomic 
questions. The lessons we can learn from studying vernacular architecture in 
these three broad spheres are manifold, and can help us not only to further 
the conservation and retrieval of this architecture already in existence but to 
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Preface

Sustainability is a word that has monopolised a large number of the scientific debates in a broad range of 
spheres connected not only with architecture, urban planning and construction, but also with the product 
market, tourism, culture, etc. Organising a conference on such a broad concept as sustainability, which 
has unfortunately lost part of its meaning because of repeated, banal use, could look like an attempt to 
follow the latest fashion and keep up with the times. However, the sustainability proposed as the focal 
point of the conference is indissolubly linked to vernacular architecture made out of earth or other mate-
rials and the lessons this architecture of the past can teach us for the future. The concept of sustainability 
as it is presented is wide-reaching and covers not only environmental issues but sociocultural and socio-
economic questions also. The lessons we can learn from studying vernacular architecture in these three 
broad spheres are manifold, and can help us not only to further the conservation and retrieval of this 
architecture already in existence but to rethink new architecture in the light of what we have learned. 

In this line of reflection the congress VerSus 2014 | 2nd Mediterra | 2nd ResTapia„International Con-
ference on Vernacular Heritage, Sustainability and Earthen Architecture„was held at the Universitat 
Politècnica de València on 11th, 12th and 13th September 2014. The main aim of the conference was to 
discuss and debate the lessons that can be learnt from vernacular architecture to create sustainable archi-
tecture today, both for the restoration of traditional buildings and the design and construction of new 
ones. The conference comprises three important events in a single venue.

The first event is VerSus 2014, which addressed the study of vernacular architecture and the lessons 
in sustainability it teaches for the future, organised within the frame of the European project: •VerSus: 
Lessons from Vernacular Heritage to Sustainable Architecture (2012…14)Ž, approved for funding under 
the European Programme 2000, led by the Escola Superior Gallaecia (Portugal) with the cooperation of 
the Universitat Politècnica de València (Spain), CRAterre-ENSAG (France), the University of Cagliari 
(Italy) and the University of Florence (Italy). The congress VerSus 2014 constitutes the closure of this 
project that represented an important moment of reflection on the themes proposed for discussion 
with other experts from all over the world. The second event was the second edition of the conference 
Mediterra„Mediterranean Conference on Earthen Architecture, organised for the first time in 2009 in 
Cagliari (Italy) by three of the partners of the UNESCO Chair„Earthen Architecture, Building Cul-
tures & Sustainable Development: CRAterre-ENSAG (France), the University of Cagliari (Italy) and 
the Escola Superior Gallaecia (Portugal). The third event was the conference ResTapia„International 
Conference on Rammed Earth Conservation, organised for the first time at the Universitat Politècnica 
de València (Spain) in 2012 with a view to increasing specific knowledge about the restoration of earthen 
architecture in general and rammed earth architecture in particular.

Given the large number of themes related with these three events, which were satisfactorily brought 
together under the umbrella of the conference VerSus 2014 | 2nd Mediterra | 2nd ResTapia„Interna-
tional Conference on Vernacular Heritage, Sustainability and Earthen Architecture, on this occasion the 
international debate addressed five major issues: sustainability concepts in vernacular and contemporary 
architecture, conservation of urban and rural settlements; documentation and conservation of vernacular 
architecture; lessons from vernacular heritage for sustainable contemporary architecture; documentation 
of earthen architecture and proposals for a new architecture in the Mediterranean context (2nd Medi-
terra Conference); documentation, conservation and proposals of rammed earth and earthen architecture 
(2nd ResTapia Conference). 

The scientific committee was made up of 58 outstanding researchers from 25 different countries from 
the five continents, specialists in the subjects proposed. All the contributions to the congress, both the 
abstracts and the final texts, were subjected to a strict peer-review evaluation system by the members of 
the scientific committee. About 200 papers by 366 authors from 32 countries from the five continents 
were published, chosen by this process from the over 430 proposals submitted. Apart from the papers, lec-
tures were delivered by two important guest speakers, researchers in the realm of vernacular architecture, 
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José María Ballester (Director of the Area of Rural Development of the Fundación Botín, Spain) and 
Marcel Vellinga (Oxford Brookes University, United Kingdom). This constituted an important contribu-
tion both to knowledge about vernacular architecture on our planet and the lessons it teaches us and the 
proposals for the future of architecture at a moment of necessary reflection. All the articles were pub-
lished in two books. The first of these, Vernacular Architecture: Towards a Sustainable Future, contains 
the texts about the study of vernacular architecture and the lessons it teaches for sustainable architecture, 
while the second book, Earthen Architecture: Past, Present and Future, specifically contains the papers 
addressing the study of vernacular and historic earthen architecture as a contribution to the sustainable 
architecture of the future.

The international conference VerSus 2014 received the aegis of: ICOMOS-ISCEAH (International 
Council on Monuments and Sites„International Scientific Committee on Earthen Architectural Herit-
age; UNESCO Chair„Earthen Architecture, Building Cultures & Sustainable Development; ICOMOS-
CIAV (International Scientific Committee for Vernacular Architecture); PROTERRA„Iberian-American 
Network on Earthen Architecture and Construction. It also received the institutional support of: IPCE„
Instituto del Patrimonio Cultural de España, of the Ministry of Education, Culture & Sport of the Gov-
ernment of Spain; INTBAU-España (International Network for Traditional Building, Architecture & 
Urbanism„Spain).

The organisation, publication and implementation of the conference were possible thanks to the aid 
received from the European Union Culture Programme regarding the European Project VerSus (grant 
nº 2012-2792/001-001 CU7 COOP7), Universitat Politècnica de València, Escuela Técnica Superior de 
Arquitectura and Instituto de Restauración del Patrimonio of the same university, Conselleria de Infrae-
structures, Territori i Medi Ambient of the Generalitat Valenciana; companies like ARESPA„Asociación 
Española de Empresas de Restauración del Patrimonio Histórico, Tarma„Restauración & Patrimonio, 
Grupo Tragsa, Revista EcoHabitar, IEB-Instituto Español de Baubiologie, KIMIA„Productos y Tec-
nología para la Rehabilitación; AT Studio; Associazione Nazionale Cittá della Terra Cruda.

Finally we would like to thank all the authors who contributed to the quality, range, diversity and rich-
ness of these publications with their articles. We give special thanks to all the partners of the European 
project •VerSus: Lessons from Vernacular Heritage to Sustainable ArchitectureŽ for participating in the 
conference and their help in spreading the word about it all over the world. We are grateful to the aid of 
all the members of the advisory committee and the scientific committee for their work throughout the 
long process of revising the abstracts and papers. And, above all, we thank the organising committee for 
the complex setting up of the whole conference, the style and language reviewers for their corrections and 
all the collaborators for their invaluable work in the management and organisation of all the stages of the 
process

Camilla Mileto, Fernando Vegas, Lidia García Soriano & Valentina Cristini
June 2014
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Vernacular architecture and sustainability: Two or three lessonsƒ

M. Vellinga
Oxford Brookes University, Oxford, UK

ABSTRACT: In recent years many publications have appeared that stress the sustainable character 
of vernacular architecture, emphasizing its ecological friendliness and appropriateness. Although this 
vibrant and growing discourse makes an important contribution to the field of vernacular architecture 
studies, it is also built on a number of conceptual shortcomings that make our current understanding of 
the sustainability of vernacular traditions only a partial one. In this chapter I will provide a brief overview 
of this work on vernacular architecture and sustainability, reflecting on the shortcomings that it reveals 
and calling a more holistic, integrated and critical approach that complements the study of the environ-
mental qualities and performance of vernacular architecture with an examination of its social, political 
and economic aspects.

in terms of the popular and professional perception 
and integration of the vernacular.

In this chapter I will provide a brief overview of 
the work on vernacular architecture and sustain-
ability that has been done so far, reflecting (rather 
negatively, I admit) on the shortcomings that it 
reveals. In line with what has become a common 
tendency in writings on vernacular architecture 
and sustainability, I will then (in a more positive 
vein) suggest two or three lessons that we can 
learn; not only from vernacular architecture itself, 
but also from the way in which we study and repre-
sent it. I will end the chapter by calling for a more 
holistic, integrated and, above all, critical approach 
to the study of vernacular sustainability that com-
plements the study of materials, technologies and 
environmental performance with an examination 
of social, political and economic aspects.

2 VERNACULAR ARCHITECTURE 
AND SUSTAINABILITY

A specific interest in the sustainability of vernacu-
lar architecture first emerged in the early 1980s, 
when a small number of studies that looked at the 
environmental performance of vernacular archi-
tecture were presented at the first PLEA (Passive 
and Low Energy Architecture) conference in Ber-
muda in 1982 (these included Fry and Drew 1982 
and Kimura and Yamazaki 1982). These were fol-
lowed, very soon after, by Hassan Fathy•s Natural 
Energy and Vernacular Architecture (1986), which 
investigated the principles of vernacular climatic 
design in hot and arid countries. Still, despite this 

1 INTRODUCTION

The perceived sustainability of vernacular archi-
tecture has become a major area of interest in 
recent decades. Over the last fifteen years or so, a 
large number of publications have appeared that 
investigate the extent to which specific forms of 
vernacular architecture may be said to be sustain-
able and that aim to identify lessons to be learned 
from them for contemporary architectural design. 
This growing body of work has made an important 
contribution to our understanding of the sustain-
ability of vernacular architecture. It has also been 
of importance in drawing attention to the exist-
ence of alternative ways of design and building 
than those commonly favored in discussions about 
architectural sustainability.

However, it may be argued that this growing dis-
course on sustainability and vernacular architecture 
is built on a number of shortcomings that make 
our current understanding of the sustainability of 
vernacular traditions only a partial and distorted 
one. One of those shortcomings is the continued 
emphasis on environmental sustainability, which 
has led to a general pre-occupation with themes 
such as materials, technologies and energy perform-
ance, at the expense of key sustainability issues like 
cultural norms and values, social behavior and the 
role of human practice. Another shortcoming is 
the persistent essentialist and romanticized nature 
of much of the discourse, which re-places the com-
plexity, plurality and dynamics of both vernacular 
architecture and the concept of sustainability with 
reductionist representations that do not do justice to 
reality and run the risk of being counterproductive 
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early start, the scholarly interest in the sustain-
ability of vernacular architecture remained rather 
marginal until the late 1990s, when sustainability in 
general emerged as a theme of political, academic 
and popular interest. Up till then, most work 
focused on the relationship between vernacular 
architecture and the natural environment in rather 
general terms. This is shown, for example, in Paul 
Oliver•s Encyclopedia of Vernacular Architecture of 
the World (EVAW)(1997), which has a section on 
the environment that shows how it sets the con-
text for the vernacular, but which does not contain 
any entries related to the concept of sustainability. 
Nonetheless, this situation changed significantly 
soon after the publication of EVAW. From the 
early 2000s onwards, a significant growth in the 
interest in the sustainability of vernacular archi-
tecture is apparent, resulting in the publication 
of an ever-growing number of conference papers, 
journal articles and books (e.g. Rasulo 2003; Eyüce 
2007; Frey 2010; Weber and Yannas 2013; Correia, 
Carlos and Rocha 2014; for a more comprehensive 
list of references see Vellinga 2013).

The aim of much of this recent work is to assess 
the extent to which specific vernacular traditions 
are environmentally sustainable. Going beyond the 
mere documentation of vernacular forms, materi-
als and functions that characterized much earlier 
work on vernacular architecture, most of these 
new studies set out to actively evaluate the ther-
mal properties of a particular building type or to 
investigate the ways in which its layout, form and 
materials relate to local climatic and geographic 
conditions. Often this involves the detailed moni-
toring and measurement of the environmental 
qualities and performance of buildings, which 
may be subjected to a range of in-situ monitoring 
techniques that measure, for example, the temper-
ature, wind velocity or direction, humidity, solar 
radiation, or illumination. In many cases this data 
will be complemented with information collected 
through observations, detailed measurements, 
mapping and, in some cases, interviews; and be 
communicated through maps, plans, photographs, 
drawings and, in particular, detailed descriptions 
of building materials, construction technologies, 
spatial layouts, formal arrangements and orienta-
tions. Most studies focus on individual traditions, 
although more comparative studies that look at 
vernacular architecture in larger regions, countries 
or even specific parts of the world (such as the 
Mediterranean) exists as well.

In addition to assessing the sustainability of 
specific vernacular traditions, many of these 
recent studies attempt to establish what may be 
learned from their environmental performance so 
as to inform contemporary architectural design in 
the place, region or country concerned. •Learning 

from the vernacular• and •lessons from vernacular 
architecture• are frequently encountered expres-
sions that capture the aim of most studies to iden-
tify specific traditional practices or technologies 
that may be of use to those involved in the design 
of contemporary architecture. Even though many 
of the studies that make up the discourse on the 
sustainability and vernacular architecture are 
quite distinct from other work produced in the 
field of vernacular architecture studies in terms of 
argument, methodology and underlying assump-
tions about the nature of vernacular architecture 
(mainly because they tend to be done by architects 
and engineers rather than anthropologists, histori-
ans and geographers, who tend to dominate other 
writings on vernacular architecture), in terms of 
their intention at least, many of them are thus very 
similar, using vernacular ways of doing things as a 
means to critique and, if  at all possible, influence 
contemporary architectural design.

Of course, this interest in the lessons that ver-
nacular architecture may teach to contemporary 
design does not stand on its own. The interest in 
•indigenous• forms of knowledge has been a field 
of interest for several decades, and lots of work 
has been published over the years that looks at the 
lessons that may be learned from indigenous socie-
ties in terms of, say, agriculture, land management, 
healthcare and education (e.g. Ellen, Parkes and 
Bicker 2000; Diamond 2013). In comparison to 
most of this work, in fact, the architectural interest 
in such •non-modern• forms of knowledge comes 
very late. As in the case of most research into 
indigenous knowledge, many of the recent writ-
ings on vernacular architecture•s potential lessons 
are an attempt to •salvage• knowledge that may 
well disappear due to the influences of moderniza-
tion and globalization. The fact that the underly-
ing (and rather naïve, as I will argue below) belief 
in the sustainability of vernacular societies offers 
hope for a more sustainability future may well play 
a part in this interest.

3 SOME SHORTCOMINGS

The recent writings on vernacular architecture and 
sustainability constitute a vibrant and growing 
discourse that makes an important contribution 
to the field of vernacular architecture studies. Pro-
viding detailed investigations of the actual envi-
ronmental qualities and performance of specific 
traditions, they have added a depth of knowledge 
that was absent in many of the earlier writings on 
vernacular architecture, which tended to study the 
relationship between vernacular traditions and the 
environment in more formal and functional terms. 
At the same time, like any study of vernacular 
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architecture, they draw attention to architectural 
forms that commonly continue to be ignored in 
main architectural discourse, and as such they 
make an important contribution to the writings on 
architectural sustainability more generally, by indi-
cating alternative ways of doing things.

Nonetheless, as a whole, the body of work 
does suffer from some fundamental shortcomings 
that limit the usefulness and reliability of much 
of the research and that consequently hinder the 
acceptance of vernacular knowledge as a potential 
contribution to contemporary design. These short-
comings need to be addressed and discussed if  we 
want to arrive at a more holistic understanding of 
the sustainability of vernacular architecture.

3.1 An environmental focus

The first shortcoming concerns the persistent ten-
dency of the vast majority of studies to focus on 
issues of environmental sustainability only. Because 
of the immense importance of environmental issues 
in a time of rapid climate change, global warming, 
environmental pollution and the depletion of natu-
ral resources, this focus is of course understandable. 
Nonetheless, in order to be able to truly understand 
the relationship between vernacular architecture 
and sustainability, other aspects of sustainabil-
ity (i.e. the social, economic, political and cultural 
ones) will need to be looked at as well. Vernacular 
architecture is intricately related to its environmen-
tal context and thus influenced by any changes that 
take place in or as a result of it. Changing weather 
patterns, the depletion of natural resources, chang-
ing energy demands et cetera will have clear impacts 
on the sustainability of vernacular traditions. Simi-
larly, as the many studies that have appeared have 
shown, vernacular ways of doing things may well 
teach us lessons in terms of how to relate better to 
our natural environment and respond to those envi-
ronmental changes. But there are many other chal-
lenges that deserve our attention also, much more 
so than they have done until now.

All around the world vernacular architecture 
is subjected to the impacts of social, cultural and 
economic changes, caused by processes of popula-
tion growth, urbanization, conflict, migration, glo-
balization, unemployment, and rapid technological 
change. Often intricately related to environmental 
issues, these processes may have as big an impact 
on the sustainability of vernacular architecture as 
environmental pressures, while the lessons that ver-
nacular traditions may provide in such cases may 
be a lot more difficult to identify, or even to imag-
ine (see AlSayyad and Arboleda 2011 for some 
good case studies).

Restricting our focus to environmental issues 
only means we end up with a very partial picture 

of the challenges faced by vernacular architecture, 
and equally partial understandings of the lessons 
that vernacular architecture can teach.

3.2 A technological bias

The interest in environmental sustainability tends 
to go hand in hand with an interest in the mate-
rial, technological and performance aspects of ver-
nacular architecture. The vast majority of studies 
focus on topics such as the choice, use and recycla-
bility of specific building materials (earth, say, or 
stone and bamboo), the intricacies and perform-
ance of technologies (passive cooling technologies 
like the courtyard and wind catchers in Iran are 
particularly popular in this respect), or the formal 
and spatial arrangements of building types and the 
ways in which they interrelate to differences in tem-
perature, humidity levels, wind velocity and direc-
tion, et cetera. On the whole, the conclusions of 
those studies tend to be positive. Most authors note 
that the vernacular buildings that they monitored 
or analyzed performed well and provided environ-
mental conditions that allowed the inhabitants to 
live in them in a comfortable and sustainable way. 
However, in focusing only on material, technologi-
cal and performance aspects, these conclusions are 
also very partial and distorted. To paraphrase (out 
of context, I admit) Paul Oliver, •the lessons to be 
found are not that easily learned• (Oliver, Davis 
and Bentley 1981:204). Indeed, bamboo and earth 
may be recycled, wind catchers can reduce indoor 
temperatures, and caves may have good thermal 
properties; but the sustainability of bamboo and 
earthen architecture, wind catchers and caves is not 
determined by those technological aspects only, 
but to a large extent also depends on other, social, 
cultural and economic factors. Indeed, these fac-
tors may be much more crucial. The cost of labor, 
the availability of resources, the social needs and 
aspirations of the owners, the cultural values asso-
ciated with materials and technologies, the com-
position of households and families, the everyday 
behavior of the inhabitants; all those aspects play 
an equally important role in determining whether 
a form of architecture is sustainable or not. Simi-
larly, they provide a crucial understanding of why 
forms of vernacular architecture perform well, or 
why they do not. In order to truly understand why 
ostensibly sustainable forms of architecture like, for 
example, Iranian courtyard houses are nonetheless 
abandoned and therefore clearly not socially, cul-
turally and economically sustainable, their cultural 
embodiment needs be taken into account as well 
as their technological and environmental perform-
ance (Foruzanmehr and Vellinga 2011). We need 
to know the why, as well as the how, of vernacular 
sustainability.
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3.3 A romanticized approach

A third shortcoming of the current discourse on 
vernacular architecture and sustainability is that it 
shows a tendency to represent vernacular architec-
ture in a romanticized manner.

Many of the recent publications emphasize the 
supposedly •organic• and •harmonious• ways in 
which vernacular traditions relate to their envi-
ronmental contexts. Indeed, many go so far as to 
claim the •inherent• and •superior• sustainability 
of vernacular architecture in comparison to their 
supposed opposite numbers (the contemporary 
•formal• or •modern• forms of architecture pro-
duced by professionals). This belief in vernacular 
architecture•s superior sustainability is reflected in 
the language that is used in the writings, many of 
which include phrases like •the essence of sustain-
ability•, refer to •inherent• or •intrinsic• sustain-
ability, or comment on the •natural integration• 
or •happy marriage• between the vernacular and 
its environment (see Vellinga 2013 for examples). 
It is also reflected in the narrative structure of the 
publications, many of which are framed within the 
context of what has been called cultural despond-
ency theory (Sahlins 1999). Within this context, so 
common in representations of the effect of mod-
ernization and globalization on contemporary 
cultural diversity, vernacular architecture is con-
sidered a culturally distinctive and environmentally 
sustainable form of building that will inevitable be 
altered and replaced by the unsustainable building 
practices associated with the modern world. The 
narrative that underlies most of the recent stud-
ies reflects a naïve yet widely shared belief that 
the way in which humanity relates to its natural 
environment was somehow more simple, sensitive 
and appropriate in the past. Although the appeal 
of such visions of a pre-modern, vernacular world 
that was somehow more in touch with nature is 
understandable (after all, they do at least offer 
the hope that a state of environmental harmony 
is achievable), it does (as in the case of the bias 
towards technology) reveal a tendency to draw 
conclusions based on partial and limited evidence. 
After all, if  life was really that good in the past, 
why do people so often want to leave it behind?.

3.4 Essentialist representations

A final shortcoming, closely related to the third, 
is a tendency in many of the writings to generalize 
conclusions about the sustainability of a specific 
vernacular tradition so that they become appli-
cable to vernacular architecture as a category, 
embracing all forms of vernacular architecture. 
Many are the examples where, say, the study of 
the thermal performance of Greek houses or the 

investigation of the use of natural building mate-
rials in a specific part of India is translated into 
generic statements about the sustainability of ver-
nacular architecture in general. The assumption 
that vernacular architecture, as an undifferentiated 
collective, is innately sustainable and superior to 
other forms of architecture and that the environ-
mental sustainability of one building tradition, or 
a specific element of it, implies the general sustain-
ability of all vernacular architecture, as a distinct 
category, when and wherever it is found is explic-
itly stated in many of the writings (see Vellinga 
2013 for examples). But it is, of course, a highly 
problematic assumption; one that underestimates 
the contextual, plural and dynamic nature of both 
vernacular architecture traditions and the concept 
of sustainability and that reduces the diversity, 
plurality and dynamism of both to essentialist and 
reductionist representations. Not only is this poor 
academic practice; as noted, it may also discour-
age rather than encourage the integration of the 
valuable lessons from vernacular architecture that 
some studies do provide by raising the expecta-
tions about its qualities and performance to a level 
that is difficult, if  not impossible, to reach, for any 
forms of architecture.

4 TWO OR THREE LESSONS

Reflecting on the contributions and shortcomings 
of the current discourse on vernacular architecture 
and sustainability, there are two or three lessons 
that I believe can be learned. These are to do with 
the way in which we recognise the nature of the 
sustainability of vernacular architecture, as well as 
with the way in which we study and represent it. 
Of course, there may well be more lessons to be 
learned.

First of all, the scope of investigation needs 
to be broadened, to include social, economic and 
cultural aspects of sustainability, as well as envi-
ronmental ones. Ever since the second half  of the 
twentieth century, the importance of the historic 
and cultural context to our understanding of ver-
nacular architecture has been commonly accepted. 
Vernacular architecture is an integral part of the 
societies and cultures that produced them. Eco-
nomic patterns, cultural values, political relation-
ships, religious beliefs, social structures; they all 
have an intricate relationship to architecture, deter-
mining what materials are used, which forms are 
chosen, how space is used, and result in the huge 
diversity of ways of building that characterise the 
vernacular architecture of the world. By limiting 
attention to the technological and environmental 
performance of buildings, the importance of the 
cultural embodiment of vernacular architecture is 
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neglected, making our understanding of the ways 
in which it relates to its environment partial and 
distorted. A holistic and integrated perspective that 
looks at all aspects of a building tradition (social, 
economic, political and environmental) and the 
way they interrelate is essential. Only then will it be 
possible to understand, for example, why traditions 
that appear sustainable from an environmental 
perspective may often be abandoned, while those 
that are economically unviable may sometimes be 
maintained. Encouragingly, the recent publication 
to come out of the VERSUS project (ENSAG-
CRAterre 2014) provides an example of a project 
that takes such a more holistic approach by investi-
gating socio-economic, socio-cultural and environ-
mental aspects of vernacular architecture.

A second lesson regards the tendency of much 
recent work to represent the sustainability of ver-
nacular architecture in positive terms, to focus on 
traditions and architectural elements that perform 
well and to leave untouched (consciously or not) 
those cases where the sustainability of the vernacu-
lar is less easy to imagine or argue. For every ver-
nacular building that uses recyclable materials or 
has good thermal performance, it is probably pos-
sible to find one that is poorly insulated, suscepti-
ble to natural disasters, or conducive to respiratory 
disease; let alone to find buildings that no longer 
meet the social and cultural needs and aspirations 
of the communities that built and inhabited them, 
that are too small, fail to provide privacy or that 
are simply too expensive to be built, maintained 
or renovated. If  our analysis of the sustainability 
of vernacular architecture is to be holistic and 
fair, such examples, which may lead to more criti-
cal accounts, should be part of our sample as well. 
Thus, we should not only investigate vernacular 
architecture in the Greek islands, Denmark or 
Cyprus, but should also look at traditions that are 
under various forms of pressure, say from conflict 
in Palestine, from urbanisation in Nigeria, or from 
displacement in Iraq. Although no doubt more dif-
ficult to conduct, such studies will provide critical 
and ultimately deeper understandings of the sus-
tainability of vernacular architecture.

Ultimately I believe that the main lesson that 
vernacular architecture can teach is to do with the 
value and importance of cultural diversity. Vernacu-
lar architecture is of importance because it shows 
us the various, distinctive and often beautiful and 
ingenious ways in which people, throughout the 
world and over time, have imagined, designed, used 
and maintained their built environments. Its study 
can remind us that there are alternatives to our con-
temporary ways of designing, building and inhabi-
tation, and may help us, to quote Wade Davis (2013: 
no page number), •to draw inspiration and comfort 
from the fact that the path we have taken is not the 

only one available, that our destiny therefore is not 
indelibly written in a set of choices that demonstra-
bly and scientifically have been proven not to be 
wise• (see Milton 1996 for a more elaborated ver-
sion of this argument). But to really understand 
the alternative vernacular forms of architecture and 
draw inspiration from them, we need more holistic, 
integrated and, above all, critical approaches. Such 
approaches require the inter-disciplinary collabora-
tion of academics working in the natural sciences, 
arts and humanities and social sciences. Above all, 
they require a mind-set where vernacular architec-
ture is no longer seen as a form of architecture that 
is inherently more sustainable than its contemporary 
counterparts; where change is accepted and guided 
rather than lamented and rejected; and where it is 
recognised that the lessons to be learned from the 
vernacular may be as much about the mistakes that 
vernacular builders made, as they may be about what 
they did well. After all, as convenient as it would be, 
there can be no vernacular •fixes• to our contempo-
rary problems; we will have to embrace and engage 
the present and future rather than romanticise and 
get stuck in the past.
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Vernacular architecture in the modern concept of cultural heritage

J.M. Ballester
Director of the Heritage and Territory Rural Development Programme, Fundación Botín, Madrid, España

ABSTRACT: Today•s constantly changing world give the possibility or need to rise a new model of 
society in which cultural heritage, both material and immaterial, would seem to be one of the main values. 
International Conventions and Treaties recently pointed out new categories of cultural heritage like ver-
nacular heritage. Curiously, an involution in practices relating to heritage began precisely in 1990s, with 
the real-estate boom, resulting with historic centres and their peri-urban landscapes as its first victims. In 
contrast, the interest in new categories of heritage is increasing: rural, vernacular or industrial as indicated 
by recent winners of European Heritage Awards or trans-national European programmes. This tendency 
is the key to a sustainable rural development. For example the Heritage and Territory Programme car-
ried out in the Valley of the River Nansa and Peñarrubia by Fundación Botín advocate for a sustain-
able development, understanding the territory and promoting the dynamic exploitation of its exceptional 
landscape, cultural and natural resources.

material and immaterial, would seem to be one of 
the components, together with the values we con-
sider immutable: the Rule of Law, parliamentary 
democracy, the universality and indivisibility of 
human rights (2). A model of society, definitively, 
that beyond ideas of consensus, compromises 
or arrangements between parties, ideologies or 
entrenched institutions, proves capable of placing 
men and women at the very centre of its concept: a 
truly humanistic society.

2 VERNACULAR HERITAGE AMONG 
CULTURAL HERITAGE

The nineteen seventies and eighties were particu-
larly fruitful years in Europe and in the wider world, 
with regard to the evolution of the very concept of 
cultural heritage. Both UNESCO and the Council 
of Europe established Conventions or International 
Treaties (3) that established new categories of cul-
tural heritage, and amongst these new categories is 
one with its own personality known as the vernacu-
lar heritage. This concept has been strengthened by 
the Convention of Florence or European Land-
scape Convention (4), the first International Treaty 
devoted to the management of the landscape, with 
which the vernacular heritage is so intensely and 
profoundly linked, in that overall unity that cultural 
features nowadays possess.

In parallel to this conceptual and doctrinal evo-
lution, there has been a similar evolution in policies 
and practices affecting the cultural heritage, both 
by the Public Administrations and by academics 

1 INTRODUCTION

We are living a process of profound social mutation 
characterised by the globalization of economic rela-
tions, the permanent evolution of information tech-
nologies, with all the advantages and risks that this 
implies, and the creation of new cultural, economic 
and social spaces, where frontiers are of ever more 
limited importance in the birth of a society that is 
multiethnic, multi-religious and multicultural. The 
reactions to this situation, which were expressed in 
a clear manner by the results of the recent European 
elections, and the social fracture produced, precisely 
in this context, by the economic crisis we are suffer-
ing, show that in our time contradictions succeed 
each other and it is ever more difficult, and more 
necessary, for all citizens to confirm their certainties.

We are living changes in the model of society, 
changes in many of the values that have consti-
tuted and confirmed our identity. Political changes 
that would take us from a conventional policy of 
consensus to a policy of dissensus (1), by which I 
mean opening up new forms of democratic belong-
ing and the possibility of questioning ways of 
sharing, of deciding, of allocating resources and 
of relationships within the common framework. 
It is the primacy of this common framework that 
has been the paradigm sought, though not always 
achieved, by the social model now in crisis.

In situations like those we are now experiencing, 
it is important to be able to manage these contra-
dictions in such a way that they give rise to a new 
model of society to which we can aspire. A model 
of society in which the cultural heritage, both 
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and professional experts, which requires us to go 
more deeply into the concept, its intelligibility, and 
the methods and techniques that would guarantee 
its conservation.

2.1 Involution and new concepts of cultural 
heritage

Curiously enough, it was precisely in the nineteen 
nineties and the early years of the present century, 
when the real-estate boom was at its height, that the 
situation started to change. The construction indus-
try, converted into the driving force of the econo-
mies, changed the rules of play patiently elaborated 
during the seventies and eighties. Historic urban 
centres and their peri-urban landscapes proved to 
be the first victims of this phenomenon: as the doc-
trinal evolution of the policies progressed, an invo-
lution could be observed in practices relating to the 
cultural heritage (5), to the extent of taking us back 
to the starting point of the evolution to which we 
are referring. This is another of the contradictions 
to be added to those arising in the period of social 
mutation we are now experiencing. At this point a 
new argument is introduced to justify this involu-
tion, namely, the dichotomy between major and 
minor heritage, which we are now observing. On the 
one hand, we have the great religious, military and 
civil monuments which until the nineteen seventies 
constituted the notion of cultural heritage. On the 
other hand, the new concepts„monuments, monu-
mental ensembles and sites„consecrated by the 
above-mentioned Cultural Heritage Conventions 
that find their logical prolongation in the European 
Landscape Convention, are themes of increas-
ing interest by academics and professional experts 
but are increasingly absent from town and territo-
rial planning, which appears to have a vocation to 
invade all these spaces. Together with these concepts 
are the new categories integrated into the notion of 
heritage: the rural heritage, the vernacular heritage, 
the industrial heritage, the heritage of public works, 
the architecture of the 20th century.

2.2 The case of Cabañal, Valencia

A paradigmatic case, for example, of ignorance of 
the individual and collective values of the vernacu-
lar heritage, of underestimating its importance and 
its inherent cultural singularity, is the sad episode 
of the district known as El Cabañal, in the maritime 
area of this city of Valencia, Spain, part of which, 
precisely the part under threat of programmed 
destruction, enjoys the protection provided by 
its declaration as a Feature of Cultural Interest, 
and this without counting its value as urban and 
peri-urban landscape, in the terms of the Florence 
Convention currently in force. This is a case, like 

that of the Marolles district in Brussels, which also 
embodies a valuable example of citizen participa-
tion and militancy by the inhabitants, who have 
situated themselves on the side of legality.

In Valencia the problem is the desire of the 
Municipality to suppress Cabañal district along 
with its value as an ensemble and the singular value 
of each one of its buildings without the slightest 
consideration for the social cohesion generated by 
its historical evolution as historically it has been 
the point where the city of Valencia encounters 
the sea, both in material and immaterial terms (the 
artistic and literary context of its culture is usually 
also overlooked). The destruction would be done 
in order that an avenue, already partly constructed, 
could pass over the remains of the neighbourhood 
and reach the sea, so as to achieve what is already 
a historical reality: •the encounter of Valencia with 
the seaŽ. A fictitious encounter which, if consum-
mated, and quite apart from the questions it raises 
regarding respect for the Rule of Law, would pass 
into history as one of the most flagrant attacks on a 
singular ensemble of vernacular architecture.

2.3 Study and restoration of •minor heritageŽ

The public administrations, at their different levels, 
try to fulfil their heritage •dutiesŽ towards society, 
concentrating their action, with the natural and 
honourable exceptions, on the afore-mentioned 
great monuments that are still subject to large-scale 
interventions with the always facile justification of 
tourism. For their part, professional experts exam-
ine in depth what some consider minor heritage, 
as though this distinction were possible within the 
unitary concept of cultural heritage. Increasingly 
detailed studies are made of its characteristics, 
typologies, building techniques, materials and res-
toration methods. Action is also taken to recover 
the moveable items that give meaning and make 
visible its function and nature. And memory of 
its historical evolution is recovered, which is the 
history of the people who lived, learned, worked, 
prayed or suffered there. These are features that 
reinstate the history of many everyday lives, giving 
us the keys to a territorial evolution that allows us 
to set landscape policies. This refers not only to the 
built heritage, but also to what professional experts 
such as Eduardo de la Riva, Eduardo Cabanas and 
Pedro Fernández Lastra have systematised as •the 
territory of the villageŽ (6), which configures land-
scape and territory from small rural settlements, 
until merging into landscape units.

For example, if  we analyse the recent winners 
of the Cultural Heritage Awards of the European 
Union, Europa Nostra Awards, we see that increas-
ing recognition is being given to interventions on 
highly varied aspects and interventions on the 
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 vernacular heritage in different European countries 
(7). And not only for the nature of the items sub-
ject to the intervention, but also for the way they 
have been interpreted, the study of their building 
techniques and typologies, and for the significance 
they have had in the territory. One of the good 
examples of this trend is the fine prize obtained in 
this competition by architects Fernando Vegas and 
Camila Mileto, for their intervention on the pre-
industrial buildings of Rincón de Ademuz, in the 
Valencia Region (8). This same interest is displayed 
in new trans-national European programmes, such 
as the ENtopia Programme that integrates various 
projects with a predominance of the vernacular 
heritage of different countries. However, they can-
not remain as static features. If  the real heritage is 
the territory, they must equally form part of a logic 
of sustainable development.

3 SUSTAINABLE RURAL DEVELOPMENT 
BY FUNDACIÓN BOTÍN

Private foundations have also shown an interest in 
this class of  heritage, not only from the academic, 
professional and technical viewpoint, but also as a 
key to sustainable rural development in a specific 
territory. This is the case of  Fundación Botín, 
through its Heritage and Territory Programme (9), 
in which I am involved. The Programme is carried 
out in the Valley of  the River Nansa and Peñarru-
bia, in the western part of  Cantabria. A mid and 
high mountain territory hardly 500 km2 in extent 
and with fewer than three thousand inhabitants, 
groups together its settlements (mostly originat-
ing in the 12th century) in six Municipalities (10). 
The idea is to generate sustainable development, 
on the basis of  an understanding of  the terri-
tory and the dynamic exploitation of  its excep-
tional landscape, cultural and natural resources. 
Amongst these is a highly singular vernacular 
architecture, both in the villages making up its 
municipalities and in the invernales, stables to 
protect the cattle when it goes up to the higher 
pastures in spring and summer (11).

For this purpose, an exhaustive analysis was 
made of the territory (12), paying particular atten-
tion to the study and conjunction of the territorial 
units with the landscape units as a basis for future 
planning. A diagnosis was made and an action 
plan drawn up based on the transversality of the 
actions to be taken, falling within the responsibility 
of the regional or local public authorities, and with 
the Foundation putting them into practice.

Basic phases of this Programme were the adop-
tion of the Action Plan by the Government of 
Cantabria and the creation of a coordinating body 
known as Comisión de Seguimiento (Follow-up 

Commission) (13), which holds regular meetings 
between the regional Government and the Foun-
dation to check progress and ensure the above-
mentioned transversality and coordination of the 
actions taken. The Foundation assumed the task 
along three basic lines: action on the territory and 
on the cultural heritage, economic development 
and socio-cultural stimulation.

3.1 Territorial action

Territorial action was focussed on drawing up a Spe-
cial Plan for the Protection and Conservation of the 
Valley of the Nansa and Peñarrubia, on the restora-
tion of the Churches of San Mamés and of Celis, on 
the rehabilitation of the village of Lafuente, on the 
establishment of a plan to rehabilitate the historic 
tracks and the study of their historic evolution. A 
systemic study was made of the hydrographic and 
industrial heritage of the River Nansa, the current 
of which supplies the power necessary to produce 
electricity at Saltos del Nansa. This is achieved by 
means of a hydraulic system channelling water to 
four waterfalls, each of which has its hydro-electric 
power station. The creation of a Committee to revi-
talise this River Basin (14) has led to agreements 
making it possible to regulate the flow of the cur-
rent and the creation of a riverside path by which 
it is possible to walk along the entire course of the 
river from its source to its mouth.

3.2 Economic development

The line of economic development is sub-divided 
into three projects. The first is a plan to train rural 
entrepreneurs, by means of annual courses with 
one hundred hours of class, which has permitted 
the training of one hundred and fifty local entre-
preneurs, of whom a score have already set up their 
own companies. The sole requirement to enter the 
training course, which is financed by the Founda-
tion, is to put forward an idea for a business adapted 
to the rural environment, and a business plan that 
will be developed further during the course itself. 
At the end, the three best business plans receive 
economic assistance to help in their establishment. 
The second part of this line includes a livestock 
development project in which fifty people take part, 
promoting the production of meat in Cantabria in 
a system of extensive grazing, with the double pur-
pose of attaining a more profitable activity (up to 
the present moment, the livestock farmers taking 
part have seen a 50% increase in the value of every 
animal slaughtered), and of promoting the care of 
the pastureland that constitutes a fundamental fea-
ture of the landscape of this territory. The third part 
consists of a web-site and an App to promote tour-
ism, with points of entry based on areas of action 
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of the Foundation: landscape, rural settlements, his-
toric tracks, and the river and industrial heritage.

3.3 Socio-cultural action

Finally, the line of socio-cultural action under-
taken by organisers under contract to the Founda-
tion, concentrates on two basic aspects: proximity 
work with the local population, by means of cul-
tural and sporting activities with young people, 
craft workshops for other segments of the adult 
population, and the integration of the School of 
Puentenansa in the Foundation•s network of emo-
tional and responsible education. In this school, 
furthermore, and outside normal class hours, the 
Foundation finances classes of teaching support, 
in new technologies and in English, in which 90% 
of the schoolchildren took part.

3.4 Rehabilitation of the village of Lafuente

However, perhaps the most striking aspect from the 
viewpoint of the subjects under discussion at the 
present congress, is the rehabilitation of the village 
of Lafuente. Situated on the floor of a small valley 
at the foot of the impressive rock mass of Arria, it 
is a model rural settlement of the linear type, lying 
along the historic route to Liébana. It is made up 
of different hamlets or groupings of four to five 
houses, with orchards enclosed by stone walls that 
•tie togetherŽ these hamlets, and which possesses 
four basic elements. The first is a source or spring 
of water in the rock wall, which falls to the valley 
in a cascade that is practically forgotten nowadays 
and gives its name to the settlement. The waterfall 
provided energy for the flour mills (the catalogue of 
the Marqués de la Ensenada listed up to thirteen, of 
which eight are still preserved). In second place, the 
only Romanesque church in the Valley, declared of 
Cultural Interest and preserved in all its purity. An 
ensemble below it consisting of a mediaeval bridge, 
the communal wash-house, the most important his-
toric Mansion of the settlement and, lastly, the so-
called Plaza del Horreu, a small urban space around 
which stand several Gothic houses.

4 FINAL REMARKS

Despite all these features, it is the overall ensemble 
that counts. The quality of its vernacular archi-
tecture, its orchards still being cultivated despite 
the small number of inhabitants (hardly a dozen), 
its configuration and perfect integration into an 
impressive landscape where, beyond the spectacular 
waterfall and the mills that have survived the passing 
of time, make it possible to •readŽ, in the deepest 
sense of that word, what constitutes the its specific 

territory and its most immediate landscape: with its 
cornfields, its pastures and its dehesas (native trees 
scattered amongst pasture land), all neatly walled. 
With its specific toponymy, of which perfect exam-
ples are provided by the dehesas known as agostiza 
and martiniega, where the cattle grazed when, at the 
arrival of autumn, they came back down to the vil-
lage. This is the very expression of the value of the 
vernacular heritage and the best proof that, far from 
the existence of a major and a minor heritage, what 
really exists is a unitary heritage concept, which it 
is necessary to know, preserve and revitalise, as an 
important element for the model of the new soci-
ety that is approaching, where rural development is 
once again set to play a major role.

Figure 1. Aerial view of Lafuente (Paisajes Españoles).

Figure 2. Aerial view of Tudanca (Fundación Botín).
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Conservation of morphological characters as an approach 
to thermal comfort

A.R. Abd Elrady & M.H. Hassan
Faculty of Engineering, Aswan University, Aswan, Egypt

ABSTRACT: Many Egyptian towns are characterized by vernacular buildings, which considered a great 
value in urban heritage, and characterized by its significant compatibility with the climate and social envi-
ronment, therefore, it is important to study this heritage and to benefit from its buildings. Recently, new 
architectural styles appeared, these styles lead to slight reduction of thermal comfort in indoor spaces. 
This paper aims to achieve thermal comfort in the indoor spaces using the vernacular elements to reduce 
the energy consumption and to contribute in sustainable process. The paper depends on the analytical 
method in the analysis of the vernacular architectural model and the latest changed model to compare 
between the two different models and extracting the results that support the importance of vernacu-
lar architecture. Autodesk simulation CFD 2013 was used; the results indicate that there are important 
parameters which affect the thermal performance of the vernacular architecture building model.

1 CONCEPT OF VERNACULAR 
ARCHITECTURE

Vernacular architecture is the term reflects the link 
between design, construction and the culture of the 
communities as an urban collective activity which 
practiced and learned to the new generations with 
some help from craftsmen. In addition, it is the 
term given to architecture which describes the real-
ity of space and time, and which is characterized 
by a lot of features and distinctive features using 
the vocabulary of simple environmental heritage 
during the period of time in certain specific geo-
graphic region. This style of architecture focused 
on the emotion •reactionŽ spontaneous auto-free 
interventions with the presence of different cul-
tural and continuous developments according to 
the needs of users.

2 CONCEPT OF THERMAL COMFORT 
AND ITS LIMITS

Thermal comfort is defined as that condition of 
mind which expresses satisfaction with the thermal 
environment. A lot of empirical data have been col-
lected on how these parameters are defined. This 
Application note gives a short introduction on 
thermal comfort, especially in respect of humidity 
and temperature. The factors that have a relevant 
influence on the thermal comfort of the occupant 
spaces can be divided into environmental and per-
sonal factors.

Environmental factors include:

Š Temperature
Š Thermal radiation
Š Humidity
Š Air speed
Š Personal factors entail:
Š Personal activity and condition
Š Clothing

Considering these climate factors can make 
more apt to the needs of users, in addition to more 
efficient.

Figure 1 illustrates a comfort zone on a bio-
climatic chart, a simple tool for analyzing the cli-
mate of a particular place. It indicates the zones 
of human comfort based on ambient temperature 
and relative humidity, mean radiant temperature, 
wind speed, solar radiation and evaporative cool-
ing. In the chart, dry bulb temperature is used as 
the ordinate, and relative humidity as the abscissa. 
Based on the dry bulb temperature and humidity 
of a place, one can locate a point on the chart. If  
it lies within the comfort zone, then the conditions 
are comfortable. In case it is above the zone, cool-
ing is required; if  it is below the zone, heating is 
needed. If  the point is higher than the upper perim-
eter of the comfort zone, air movement needs to be 
increased. For conditions when the temperature is 
high and relative humidity is low, air movement will 
not help. On the other hand, evaporative cooling is 
desirable. If  the point lies below the lower perimeter 
of the comfort zone, heating is necessary to coun-
teract low dry-bulb temperature. If  the point lies to 
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the left of the comfort zone, either radiant heating 
or cooling is necessary. Thus, a bio-climatic chart 
can give ready information about the requirements 
of comfort at a particular time.

3 CLIMATIC CHARACTERISTICS OF 
ASWAN CITY

Aswan city characterizes with arid climate. The 
average daily temperature in August (the hottest 
month over the year) is 33.8°C, and it is around 
15.8°C in January (the coldest month over the 
year).

In summer, the temperature can be more than 
40°C. The purity of the air as well as the regular-
ity of the brightness of the sun plays a role in the 
intensification of heat, especially in the afternoon 
when the sun is perpendicular to the sub-region.

On the other side, the winter in Aswan city is 
very cold. However, the regularity of the bright-
ness of the sun works to give them a kind of tem-
porary warmth during the day with an average 
maximum temperature of 23.8°C in the month 
of January, while the average minimum tempera-
ture is 8°C in the month of January; the average 
temperature ranges between day and night around 
15.8°C. The average of the precipitation in Aswan 
over the year is 1 mm.

4 THE ROLE OF MORPHOLOGICAL 
CHARACTER COMPONENTS IN 
ACHIEVING THERMAL COMFORT

There are many features which reflect the morpho-
logical character of vernacular architecture as well 
as it plays a vital role in achieving thermal comfort 
such as courtyard, roofs, and facades.

4.1 Courtyard

The courtyard is considered one of the most impor-
tant features in vernacular architecture in Aswan; 
many studies proved that courtyards enhance the 
interior environment of the rooms which opened 
on it. Also courtyards are the suitable solution 
for the building in the hot areas as Aswan city. 
The courtyard considered as a thermal regulation 
because it works to reduce the air temperature at 
night and save the cool air in the early hours of 
the day as a result of replacement of hot air (less 
dense) by cool air (heavier dense). After sun shine, 
the air becomes cool air in the courtyard because 
of water and green elements also because of cover-
ing of large parts of this courtyard.

Figure 1. The limit of the thermal comfort zone 
(A.R. Abd elrady & M.H. Hassan).

Table 1. Temperature variation in Aswan.

Daily
average

Min
temperature

Max
temperature Month

15.8  8 23.8 Jan
17.7  9.4 26.1 Feb
21.9 12.7 30.4 Mar
21.7 17.5 25 Apr
20.4 21.2 28.5 May
22.8 24.3 42.1 Jun
22.5 24.5 41.2 Jul
22.5 24.3 42 Aug
21.1 22.2 39.6 Sep
22.8 19.3 36.3 Oct
22.2 14.5 30.2 Nov
17.4 10 25.5 Dec

Figure 2. Monthly averages for temperatures in the weather 
station in Aswan (A.R. Abd elrady & M.H. Hassan).
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4.2 Roofs

The roofs in vernacular architecture take many 
forms such as flat roofs or domes or vaults. Peo-
ple in vernacular community depend on clay brick 
as a main material for building these roofs. They 
use palm fronds which covered with dry clay in flat 
roofs. The method of construction and the used 
material are the reasons of reducing the air tem-
perature in the indoor spaces.

4.3 Facades

Vernacular architecture characterized with solid 
facades, we can see non or few windows in these 
facades, all indoor spaces were opened on court-
yard as a suitable solution in the hot area to 
enhance the thermal comfort, the thickness of 
the external walls was about 50 cm to reduce the 
thermal load which passed through these walls, the 
color of theses facades were often white to reduce 
the problem of solar radiation.

To prove that the vernacular architecture and its 
morphological character is a suitable solution for 
arid areas such as Aswan, two models from Aswan 
were chosen, the first model is the vernacular 
architecture and the second model is the modern 
architecture after contemporary developments.

In this research, we depend on Autodesk simula-
tion CFD to prove that vernacular architecture and 
its morphological characters are more suitable for 
hottest areas than modern architecture which uses 
modern morphological vocabulary and modern 
material such as concrete. We choose the first day 
in August as one of the hottest day in the year to 
run this simulation; we got our data from the mete-
orological station in Aswan as it shown below.

Š Air temperature: 42°C
Š Wind speed: 1.93 m/s
Š Wind direction: north west
Š Relative humidity 9.76%

The first model lies in Abouelreesh village, Aswan, 
the model is an old house with vernacular characters 
and consists of courtyard, khokha, mandra, master 

Figure 3. The courtyard as a feature of morphological 
character in vernacular architecture in Aswan (A.R. Abd 
elrady).

Figure 4. Sample of roofs in Aswan (A.R. Abd elrady).

Figure 5. Solid façade in Aswan (A.R. Abd elrady).

Figure 6. The plan of the first model •vernacular archi-
tecture modelŽ (A.R. Abd elrady & M.H. Hassan).
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bedroom and children room. All rooms opened 
on courtyard except mandra, guest•s room, which 
opened on khokha, entrance hall space. The house 
has two facades on the north and west direction. All 
walls had been built by local material as dry clay and 
bricks which have been made of clay.

After running the simulation, we have got the 
results of comfortable temperature in each space 
of the house as shown in Figures 7 and 8.

The figure indicates that the maximum tempera-
ture obtained is 40.9°C, and the minimum temper-
ature obtained is 36.0°C.

The figure shows that the air temperature was 
between 36.0°C and 37.0°C in all rooms except 
courtyard, khokha and mandra. The maximum air 
temperature was in the courtyard, in the time that 
was the air temperature between 38.0°C to 38.5°C. 
The main reason for these obtained results is the 
vernacular elements as courtyard, used material, 
dooms, and thickness of the walls.

5 EFFECTS OF CONTEMPORARY 
DEVELOPMENT ON THERMAL 
COMFORT IN THE VERNACULAR 
ARCHITECTURE IN ASWAN

In the recent time vernacular architecture have 
been influenced by demolition of old buildings 
and construction of new buildings based on a 
strange vocabulary of architecture, which threat-
ens the absence of morphological character of this 
urban environment. All these previous changes are 
a result of contemporary developments such as 
social, economic and cultural developments.

5.1 Social developments

Poor adherence to customs and traditions consid-
ered one of the most important social developments 
which affect vernacular architecture in Aswan, 
these social developments because of Opening to 
the outside world as a result of global migration, 
particularly the Gulf  states and the European or 
because of the multiplicity of the media at the 
moment and thus import many of the ideas and 
foreign cultures that are not compatible with our 
local culture and thus influence the character of 
fine vernacular architecture in our country.

5.2 Economic developments

In the last years, the economic factor had been 
become one of the most important factors that 
affecting the architecture. It plays a vital role in 
decreasing the total cost of the project via decreas-
ing the cost of raw materials used in the process of 
building and construction, as well as the methods 
used to complete the construction process.

5.3 Culture developments

There are many Culture developments that have 
occurred in the life of vernacular communities 
over the years and have affected all of Architecture, 
Urbanism and the morphological characters of 
vernacular architecture, the huge development in 
communication field considered one of the culture 
developments beside the evolution of the media 
and appearance of many types of media such as 
written, hearing and visual media, You cannot 
overlook the power of influence of the media on 
people individually and in groups in light of the 
change in our time, which was described as the era 
of information and communication technology.

After these contemporary developments the 
people in the vernacular community change the 
morphological characters in their building and 
they have borrowed new type of modern architec-
ture vocabulary, so they have used the concrete in 

Figure 7. The result of the simulation in the vernacular 
architecture model (A.R. Abd elrady & M.H. Hassan).

Figure 8. The air temperature diagram in the vernacular 
architecture model (A.R. Abd elrady & M.H. Hassan).
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their flat roofs and they have neglected the court-
yard in their design, they have replaced the thick 
wall which is 50 cm in its thickness with another 
one which is 25 cm or 12 cm.

The second model explains all effects of con-
temporary developments on the morphological 
characters of vernacular architecture. The model 
is one of the modern types of architecture which 
have been built with new material as concrete. The 
house was built in 2006 after destroyed the old ver-
nacular house. It consists of three rooms, living 
room, kitchen and bathroom as it shown Figures 9 
and 10.

After running the simulation process we have 
got the next results which shown in Figures 11.

The figure indicates that the maximum tempera-
ture obtained is 41.98°C, and the minimum tem-
perature obtained is 41.49°C.

The figure shows that all spaces in this model 
are far away from the thermal comfort area than 
the vernacular architecture model, first model.

The main reason for these obtained results is the 
new material and new methods in construction.

6 RESULTS AND RECOMMENDATIONS

The research obtains many results about the mor-
phological characters of vernacular architecture 
such as the following.

In the vernacular architectural model, the first 
model, the air temperature located near the ther-
mal comfort area than the modern architectural 
model. So the first model is more suitable to con-
sume energy in the hottest area as Aswan.

In the vernacular architectural model •the first 
modelŽ, the air temperature about 36.0°C in all 
rooms which opened directly on the courtyard, 
although the highest air temperature in all other 
rooms as khokha and mandra, this is because of 
the cool air which located in the courtyard at night 
moved from the courtyard to these rooms after sun 
shining, and the rooms preserve the cool air from 
escaping to outdoor spaces as a result of big thick-
ness of the interior and exterior walls.

Morphological character of the vernacular 
architecture as courtyard, dooms, solid façade and 
used material play an important role in achieving 
thermal comfort, however the people neglect this 
morphological character, the spaces suffer a lot as 
a result of increasing of thermal load on the inte-
rior spaces.

So we should refer to the importance of the 
morphological character of the vernacular archi-
tecture as an approach to the thermal comfort. In 
this direction, there are many recommendations 
which are very necessary to achieve thermal com-
fort in the interior spaces, these recommendations 
for architectures and architecture education, gov-
ernments and peoples in vernacular communities.

Recommendations for architectures and archi-
tecture education: we should update and change 
our material studies in the stage of undergraduate 
to teach the students the importance of vernacular 
architecture and its morphological characters as 

Figure 9. The modern architecture model, second 
model (A.R. Abd elrady & M.H. Hassan).

Figure 10. The result of the simulation in the mod-
ern model, second model (A.R. Abd elrady & M.H. 
Hassan).

Figure 11. The air temperature diagram in the modern 
model (A.R. Abd elrady & M.H. Hassan).

Vernacu_Book.indb   19Vernacu_Book.indb   19 7/31/2014   7:38:23 PM7/31/2014   7:38:23 PM



20

Figure 12. The location of the two models from the ther-
mal comfort zone (A.R. Abd elrady & M.H. Hassan).

a tool to achieve many social, environmental and 
economic goals. Recommendations for govern-
ment: in this field the governments should activate 
the law of conservation for historical building and 
vernacular architecture, and it should set special 
organization for conservation and rebuilding the 
oldest models of vernacular building with its mor-
phological characters. The governments should 
work on increasing of people•s awareness in ver-
nacular communities. The governments should 
stop against the increasing of cities in the direction 
of vernacular areas.

Recommendations for people in the vernacular 
communities: we should work on activating the 
role of community participation in the field of 
conservation of vernacular architecture and main-
tenance of historical buildings, the new generation 
should return back to their roots as a step in the 
way to preserve their vernacular production from 
disappearing.
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Domes of adobe and stone on the rural architecture of centre 
of Castilla y León (Spain)
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ABSTRACT: In the centre of Castilla y León (extensive zone of Spain) still there are some examples 
of the old rural buildings linked to the economic activities that have been developed in the agrarian field. 
These are called chozos and casetas, and they have been erected with domed solutions using the autoch-
thonous materials: the mud in the region of Tierra de Campos and the stone in the region of Montes 
Torozos. The influence of traditional construction techniques of both elements has generated a singular 
typological range rarely seen in the rest of the Península Ibérica. All different types of domes found in this 
place will be explained from its construction process, adding its structural capacity and energy bioclimatic 
qualities.

the documentary research, where it should be noted 
that from works of Carlos Flores (1973) and Luis 
Feduchi (1974) we can found more interesting stud-
ies about this vernacular architecture. However, it 
has been found that the buildings erected outside 
the towns have not been the focus in most promi-
nent analysis of traditional constructions, as these 
have centred his work mainly on traditional hous-
ing. This effect is due to the enormous difficulty 
that has supposed the recognition of rural buildings 
away from small villages, especially in a so extensive 
region with low population density. Fortunately, 
and simultaneously to the imminent demise of these 
constructions, every time we find more specific 
works, not only about this vernacular architecture, 
but also relating to the vaulted solutions.

The second phase is the work on field, where it 
is necessary to have a wide knowledge of the place. 
For a good search of the rural buildings, in addi-
tion to organizing strategic itineraries, it is vital to 
have the collaboration of the residents of the place, 
as they are who know best the territory and a great 
source of information.

Finally, after the taking of data in situ of each 
element, classification and characterization of 
domed system are used to explain and to value a 
traditional technique that has practically been for-
gotten. And in this phase, the graphical representa-
tion is very important to describe this construction 
system.

2.2 Nature environment like determining factor

In the heart of the Castilla y León, there are two 
natural regions: Tierra de Campos, that is a big 
extensive plain of clay, and Monte Torozos, that 

1 DOME AND ITS CONCEPT OF REFUGE 
IN FARMED ACTIVITY

Castilla y León is one of the regions of the penin-
sula with greater historical significance, but also it 
has been of which better has represented the typi-
cal image of the inland of Spain, where society has 
deeply been linked to farmed activities.

Agriculture and livestock have supposed jobs 
that entailed hard and long working days made in 
places far from towns. This fact motivated the farm 
workers lift constructions that helped in this job and 
where the rural men could shelter of the sun, of the 
cold or spend the night. These elements also served 
for storage of tools or to the refuge of some animal.

The covering of these small buildings has been 
made by vaulted solutions in many cases. The ori-
gin of this construction system has been treated 
and explained from different perspectives by vari-
ous authors, without establishing an absolute the-
ory. However, we can say that the dome has been 
conceived, since ancient times, as the figure that 
best represents the concept of shelter, and we can 
check it through examples of prehistoric or primi-
tive architecture. It is clear that domed shape is 
that cover that seems to give us a greater sense of 
refuge and protection.

2 THE STUDY OF VAULTED SOLUTIONS 
IN RURAL ARCHITECTURE

2.1 Methodology

Three phases of work are employed to investigate 
the roof of theses farmed constructions. The first is 
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is a wasteland with limestone. In these areas, tradi-
tional constructive techniques have been developed 
with the dominant materials: the mud used in the 
first region and the stone in the second. In addi-
tion, in both zones the absence of arboreal mass 
is important. So we can found in this aspect the 
first determining factor that justifies the use of the 
vaulted systems to cover these humble buildings, 
because it is a simple and inexpensive way to close 
a space, without the need to resort to other types 
of structural elements, as it is usually the wood for 
the roofs of the residential buildings.

The peculiarity of this area is the architectural 
influences that produce between both regions and 
especially in their bordering zone. So, we have 
observed the emergence of mixed constructions 
system (with elements of clay and limestone) used 
also in the techniques for the domed covering.

2.3 Cultural heritage and constructive reason

The author of the rural architecture built with 
logic, using the materials are available, and fol-
lowing the rules learned from their ancestors. Tra-
ditional builder does not innovate, but he copies 
what he see near of his surroundings, even, in occa-
sions what he observes in some high quality archi-
tecture. So we can find an evolution in the building 

procedures based on the influence received from 
constructive traditions of all the architecture that 
is located next to which he intends to create.

On the other hand, if  we look at the corbelled 
dome of the humble architecture on the peninsula 
(Fig. 3, Vegas, Mileto & Cristini, 2010) we can see 
that there are many group of stone domes by the 
Iberian regions, one of them is on the region of 
Montes Torozos. But we can find only one impor-
tant density of clay vaults, and this is located in 
Tierra de Campos. So the vicinity between both 
regions can explain the emergence of mixed domes 
(limestone and clay) on the bordering zone, from 
traditional constructive influences that occur in 
each area.

2.4 Construction techniques in the domes of the 
centre of Castilla y León

In the development of the vaulted roofs on the 
agricultural buildings, the man has use small ele-
ments that he can put with their own hands, with-
out the need to resort to mechanism for the lifting 
of big stones. So, the rural architects made adobe 
pieces or utilized limestone masonry, or, in many 
cases, they used both.

The domes are made using two different tech-
niques. On the one hand we can find the system 
called cúpula falsa (cobelling dome), built in hori-
zontal layers, where each piece slightly overhangs 
the previous. This technique is widely used in the 
rest of the peninsula in dry-stone constructions. On 
the other hand it is possible see the system cúpula 
auténtica (true dome), by tilting the pieces. While 
the first technique has seen with mud or stones, 
the second system has been developed only with 
clay, because the adobe represents a more regular 

Figure 2. Geological map of Tierra de Campos and 
Montes Torozos. Points are cases studied. (Abril Revuelta 
2013).

Figure 3. Cobelled domes in Spain and Portugal. Cir-
cles for the stone vaults, and rectangles for clay vaults. 
(Vegas, Mileto,. & Cristini 2010). The map has been 
edited to improve its explanation.

Figure 1. Geographical setting. (Abril Revuelta 2013).
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format that allows better handling and disposal for 
the making of these real vaults.

It is necessary to stand out that false dome tends 
more a pointed arch than true dome. This is because 
the system of horizontal layers does not allow exces-
sive overhangs to make a perfect geometric arch. 
Even, in a lot of examples this technique tends to 
sharp figures, like cones or pyramids (if  the previ-
ous floor of the constructions is square).

3 CLASIFICATION AND 
CHARACTERIZATION OF DOMES IN 
THE CENTRE OF CASTILLA Y LEÓN

3.1 Classification according to the material

We can identify three main types of domes based 
on the material used, that can be arranged in dif-
ferent systems to get a great typological variety 
(Fig. 11).

3.1.1 Clay domes
They are mainly in Tierra de Campos (as in next 
villages: Ceínos de Campos, Tamariz, Cuenca de 
Campos), but also near the hill bordering (for 
example the domes in Urueña), and even there are 
some mud vaults inside Montes Torozos (Torrelo-
batón), with clear differences in the earth colour, 
being more red in the plain zone and ochre or gray 
on the wasteland area.

We have observed true domes and false domes, 
made whit clay (Fig. 5). Always they are built with 
the technique of adobe. Sometimes there are some 
different formats within the same vault, such as 
some trapezoidal pieces (in dowel shape).

3.1.2 Stone domes
This vaults are mainly into the hill zone (as the 
chozos in Castromonte, in La Mudarra or in Peña-
flor), but also there are some on the limit with the 
plain (Villabragiama or Palacios de Campos).

Usually they are resolved with the stepped system 
(false dome), because to make a real vault would 
be necessary a good work in the cutting of stone 
and these construction are very humble. However, 

it is possible to see some real dome, built by expert 
masons in areas with great stone tradition.

This dome, usually pointed, is resolved whit two 
layers or skins. The inside shell is made bringing 
closer each new rings to the centre of construction 
some few centimetres (Fig. 6), and the outside skin 
becomes more disjointed with more organic pieces, 
making a protect cover.

3.1.3 Clay and stone domes
Often, we can find them on the bordering between 
the plain and the hill (Montealegre de Campos, 
Autilla del Pino or Villasexmir), and it is a logical 
effect because this space is where both materials 
are on hand, and therefore both constructive tends 
have been created. On the other hand, two types of 
combination clay„limestone have been detected.

The first is similar to the stone domes, where 
we found two skins. On this occasion, the indoor 
layer, made with adobes, is generated according 
to the chosen system (by stepped pieces or slope 
the adobes). The external skin serves of protec-
tion, and it is very useful to prevent erosion and 

Figure 4. Vaulted system: corbelled (left) and real 
(right) dome. (Abril Revuelta 2013).

Figure 5. Some earthen domes. (Left) Becilla de Val-
deraduey (Valladolid) with false system (Abril Revuelta 
2013). (Right) Valdescorriel (Zamora), real dome (Alonso 
Ponga 1989).

Figure 6. Stone vault in Medina de Rioseco (Val-
ladolid). (Abril Revuelta 2013).
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disintegration of the clay shell from winding and 
raining (Fig. 7).

The second option, which it can also be done 
with two skins, consists in a start of the vault only 
with limestone pieces. This part is made through 
false system, and reaches the half  dome or a little 
more. From this place to the culmination, the con-
struction is built whit earth. This final part can be 
erected as a false vault or true dome (Fig. 8).

3.2 Constructive characteristics in the built 
phases

3.2.1 Starting the dome
The natural birth of a dome would leave a cir-
cular floor. In many cases this vault start from a 
small foundation, made with little stones, which 
improves the stability of the construction. This 
foundation is sometimes extended to become a 
small circular base that, on the other buildings, it 
can form a large wall, where the dome sits.

Nevertheless a very common feature in these 
constructions is the rectangular or square floor, 
especially in Tierra de Campos, and it is probably 
due to the two mud techniques, rammed-earth and 
adobe, are orthogonal elements. However, it was 
curious to find into the stone area of the hill many 

rural buildings with stone walls making square 
floor, unlike that seen in the rest of the peninsula, 
where it is normal that the domed buildings built 
whit dry-stone are circular floor. We can think 
that some certain influences have been transmitted 
from mud area in this aspect.

The way to adapt this orthogonal shape to the cir-
cle for the start of the dome has been solved in several 
manners but following the same concept: chamfering 
the corners to get the octagon, figure more similar to 
the circle (Carricajo Carbajo, C. 2010).

However, this procedure has been performed of 
different ways. A very common case is to resort to 
several wooden beams arranged at the corners. On 
the other hand, near the hill we find solutions with 
big stones slabs situated like a cantilevered vault. 
Another interesting way is the creation of penden-
tives using adobes or small stone pieces.

Other option was the omission of the previ-
ous octagon and the make a vault with pyramidal 
shape that starts directly from the orthogonal plan. 
And this system has been made with stone, with 
adobe or with both elements.

3.2.2 Crowning the top
It has been interesting to find flexible solutions 
in terms of the functionality of the building. For 
example in many chozos made with stone, the lat-
est staggered rows were omitted forming an oculus 
that served as flue (Fig. 6). When it was raining 
this part was covered with a circular stone slab.

For earth buildings the solution was usually to 
place pieces of adobe in the last row in vertical 
position, as a key that closes the compression ring. 
This element is also seen in stone constructions 
using limestone pieces liked a •rugby ballŽ that by 
its indoor part has a structural function, and by its 
top formed a pinnacle, being an aesthetic element.

3.3 Structural analysis of the domes

The structure of this constructions is not a great 
complexity, because its size is not excessive, how-
ever the domed erection shows us great ingenuity by 
the vernacular architect. It is necessary to stand out 
to make this vaults these rural builders did not use 
the auxiliary structures as centring (called cimbra in 
Spain), because its cost would be several times what 
all the building. So in its building process the man 
used some humble tools, as compass and strings for 
aligning the rows, and his own expertise.

Nevertheless, in the dome each ring made is sta-
ble by itself, more in the real vaults, because there 
are more compressions in their pieces. The figure 
of these domes is formed by parabolic guide-
lines, which allow a better transmission of loads 
to the walls (Olcese Segarra, M. 1992). Even so, 
it is interesting discover that these rural builders 

Figure 7. Chozo in Autilla del Pino (Palencia) with 
dome of two skins. Indoor in adobe and outdoor in lime-
stone. (Abril Revuelta 2013).

Figure 8. Chozo in San Cebrián de Mazote (Valladolid) 
with dome of stone (at the beginning) and mud (in the 
culmination). (Carricajo Carbajo 2010.).
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Figure 9. Geometric processes to adapt the square floor 
at the beginning of the dome. (Abril Revuelta 2013).

Figure 10. Sketch of structural behaviour of chozo in 
Torrecilla de la Abadesa (Valladolid). (Olcese Segarra 
1992).

Figure 11. Typological scheme of domed buildings.
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incorporated some wooden beams that absorb the 
possible generated tractions (Fig. 10).

In addition, it must distinguish between the vaults 
made with earth and with stone. In clay domes 
there is a different concept, the adherent factor of 
the mud, include in the bricks and in the coating 
clay. This factor increases the building rigidity. This 
effect has led to consolidate the building almost the 
same mass, so its collapse is mainly by erosion and 
disintegration. On the other hand, in stone domes 
the structural failure happens by omission or falling 
of one or some limestone pieces.

3.4 Bioclimatic behaviour

Although the erection of these small building 
was a matter of working functionality, the reality 
is that many of them became elements of shelter, 
that should have minimum comfort conditions for 
the stay inside. And it is obvious that this domed 
enclosure helps for this purpose.

Vault can be more spherical or more parabolic, 
but anyway, the domed figure is the most refrac-
tory geometric envelope, distributing the heat in 
a very effective manner. This is explained in its 
volume, that is decreasing as increases the shape, 
causes the hot air quickly colonizes the highlands 
keeping the heat in the lower area by over-pressure 
of the upper layers (Bernalte Patón, F.J. 2004).

In addition, this figure presents the minimum sur-
face exterior to the interior volume reducing ther-
mal losses, compared with sloping roofs. In this way 
we can say that the dome is the envelope that better 
manages the heat and also with its double curvature 
is ideal to resist the cold winds in any direction.

Also, we can add that the covering of these build-
ings are made with big thicknesses that we con-
sider structurally unnecessary, but very useful for 
thermal performance. Special interest exists on the 
mud domes, by its low conductivity, but especially 
for its good thermal inertia which causes an inter-
esting phase difference, capable of giving inside the 
heat accumulated during the day at night.

Figure 12. Sketch of wind behaviour in chozo. (Abril 
Revuelta, 2013).

4 CONCLUSIONS

First, we think that the study of a technique almost 
obsolete must be considered important to preserve 
it, at least graphically. We know of low utility that 
these buildings currently have for agricultural or 
livestock activity, causing the abandonment and 
neglect of these constructions of the rural heritage 
of Castilla y León.

On the other hand, we think that the confluence 
of traditional building techniques between Tierra 
de Campos (mud) and Montes Torozos (limestone) 
have created a unique mixed architecture that 
creates an admirable typological variety, highly 
expressed in the domed solutions (Fig. 11). And it 
is not only displayed in the formation of structures 
that combine earth and stone (because both mate-
rial are available for rural architect, and both are 
inexpensive in this constructions) in their process 
of building, but also in the formal aspect causing 
stone buildings with square floor, more common 
in earthen architecture. This an effect rarely seen 
in the rest of peninsula (as Bombos in Castilla La 
Mancha, chozos in Extremadura or Aragón, or 
Barracas in Cataluña). We can conclude that it is a 
singular architecture.

Finally, we reflect on the great architectural 
qualities that exist in traditional buildings, where 
we can check that with logic and common sense 
can be erected safe, functional and very beautiful 
buildings. And these qualities should see more in 
contemporary architecture.
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Vernacular heritage solutions for sustainable architecture: 
The Phlegraean islands

M. Achenza, I. Giovagnorio & L. Cannas
DICAAR„Università degli Studi di Cagliari, Cagliari, Italy

ABSTRACT: The Phlegraean Islands, located into the Gulf  of Naples, are characterized by a vernac-
ular architectural heritage which belongs to the Mediterranean building traditions. According to this 
tradition, the Phlegraean architecture was developed in order to guarantee an efficient and functional 
exploitation of local sources in reason of the environmental constraints. During the last years, the sci-
entific community has focused its attention to the bioclimatic features of the Mediterranean vernacular 
building culture (H. Coch, A. Monaco, A. Rogora, etc.) aiming at reusing it into the contemporary design 
solutions, as already occurred in the work of several contemporary architects, such as A. Siza, A. Campo 
Baeza, C. Ferrater and many others. Also in regard to the Phlegraean islands case of study, it can be high-
lighted the work of L. Cosenza, A. Libera, et.al., in which it is possible to recognize the reinterpretation 
of vernacular building solutions. Nevertheless, the Phlegraean islands• built heritage, both vernacular and 
contemporary (but inspired by vernacular), has not been yet examined from the ecological point of view. 
According to the Project VerSus• main aim, the paper aims at examine how contemporary architecture 
can take inspiration from vernacular building solutions, in order to improve the current environmental 
design knowledge. To reach this goal, the Phlegraean vernacular building tradition will be examined in 
the light of the existing literature about both Mediterranean architecture traditional environmental adap-
tation and contemporary bioclimatic knowledge. Afterwards, a qualitative comparative analysis will be 
done between Phlegraean vernacular solutions and some local contemporary architecture, with the aim 
of improving the scientific research in this field, which currently gave inadequate attention to this case of 
study.

The cultivation of fruits and vegetables and the 
vineyards are organized in terraces, where the soil 
is kept together against the winds and the frequent 
offences of earthquakes.

Nevertheless the settlements along the coast wit-
ness the major activity of the inhabitants, fishing, 
for which construction has been adapted.

In this environment the inhabitants developed 
three major typologies for which very interesting 
building skills are to be highlighted: the country 
single house, the coastal village, the house in the 
stone.

Each of these show a different philosophy of set-
tlement and of living the space, but all share a per-
fect adaptation to environment and local climate.

2 THE COUNTRY SINGLE HOUSE

The country single house, found in the interior part 
of the island, has been conceived to serve the agri-
cultural activity, typical of the Mediterranean house 
and coherent with the ones of the entire Phlegraean 
area. It•s a simple cubic, two storey house, with an 

1 INTRODUCTION

The Phlegraean Islands are located right in front of 
Naples and include four little islands: Ischia, Pro-
cida, and the very small Vivara and Nisida. They 
are the result of a very intensive volcanic activity, 
that shaped the territory into rough mountains and 
hills precipitating sharply into the sea. The thermal 
waters allow a rich vegetation to cover the moun-
tain sides giving the islands a very intense green 
look. •The profile of the long island of Procida 
becomes increasingly clear and obvious in front of 
us. The lush green in different shades covers the 
island: the pale green shimmer where the hills are 
planted with vines, the dark green of orange and 
lemon trees, bluish green of olives, green of the 
black crowns of the pines that get aligned. In this 
rich vegetation everywhere emerge blinding white 
houses, each of which seems to contain an idyll of 
joy and light happinessŽ (C.W. Alers, A. Olinda, 
2008). The islands have since ever an agricultural 
vocation, having been through centuries one of the 
most important and better known wine produc-
tion area in central Italy.
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external staircase connecting the ground to the 
first floor, covered with an extradossed vault, con-
structed with the local volcanic stone. The façades 
are characterized, despite the stair, by profound 
arches, serving as reinforcement against earth-
quakes and sun shading at the same time.

The materials used for the walls are mainly the 
local green tuff, more resistant than a yellow ver-
sion of the same limestone type, and the magmatic 
rock. Some of these walls result to be not so seism 
resistant as the volcanic tuff  •is so porous and soft 
that you can almost pierce it with a walking stick.

It is understandable that a building consisting 
of such stones has no strength and that a stronger 
movement will make it collapse like a house of 
cards with a little breezeŽ (Delizia, 1990).

Pozzolan and volcanic gravel is used mixed with 
lime to make the roofs.

This construction material is a very peculiar tra-
dition of the island and it represents a constant in 
all houses giving a very resistant surface, perfectly 
waterproof, and even used to collect rain water, as 
all sources on the islands are strongly sulphuric or 
even salted and not usable for human purposes. 
Water was then collected into water cistern dug 
into the rock, not far away from the house.

A similar technique was adopted to store the 
snow through summer in deep circular excavation 
still to be found in the Falanga woods in Ischia.

The construction of the roof was a very social 
event and many people of the family and the neigh-
borhood participated to its realization needing a 

long process and an important handwork. Follow-
ing a very laborious process, the conglomerate of 
milk of lime and volcanic fine gravel, after being 
at rest twenty-four hours was stirred in order to 
let it overheat and •brewŽ. Then, after having it 
wet again with milk of lime, was subjected to a 
third mixing and •brewingŽ again. Finally, after a 
further phase of rest, having reached the desired 
consistency, such to allow to be walked on, it was 
remixed for the fourth time and laid. At first big 
rammers were used for beating the mix, men work-
ing in the same direction.

The artisans who started along one side of the 
area to be covered, backed out to the opposite side; 
afterwards they repeated the same operation with 
lighter rammers starting with one of the other 
sides of the same area and they continued ram-
ming until they felt the blows of the rammer had 
the necessary firmness, what happened ordinarily 
after a beating repeated no more than three times 
between each of which was left a day interval (P. 
Fravolini et Al, 2008).

The roof so constructed was used during sum-
mer as an extra bedroom, as described in the 
book of a French traveler in 1811 •The fisherman 
turned to us almost ashamed and pointed to his 
home, then took us on the terrace, which in the east 
and in southern Italy is the hall of honor. He built 
a sort of canopy supporting one end on our oars 
against the parapet of the terrace and the other 
end on the floor. He covered the retreat with a 
dozen bundles of chestnut brunches freshly cut on 
the mountain. He covered the floor with bundles 
of ferns, brought two pieces of bread, fresh water, 
two figs and invited us to sleepŽ (de Lamartine A. 
2004…2011).

The intrados of the vault was always visible giv-
ing a pleasant dilatation of the space and assuring 
a better indoor control of the summer heat.

Figure 1. View of southern side of Ischia (M. Achenza).

Figure 2. Typical country house in Ischia (M. Achenza).
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As for the internal distribution, the house is char-
acterized by the presence of cellaio (storage room) 
and of a mill room used for storing and processing 
the grapes for wine making, placed generally on 
the lower level, sometimes half  underground. The 
cellaio is joined to the upstairs floor through an 
external staircase. The living spaces for the family 
are placed here, with the kitchen in the centre and 
the other rooms organized around it. Services were 
generally outside on the balcony access.

3 THE FAÇADE HOUSE OF THE COASTAL 
VILLAGE

Like the country single house, built to respond to 
agricultural needs, the façade house typology of 
the coastal village is strongly joined to the fishing 
activity, and structured after many Mediterranean 
dwellings, and especially the ones in the other Phle-
graean islands. Procida preserves maybe the best 
examples of this settlements having kept its charac-
ters in an organic and extended manner. •Not even 
Santorini and Mykonos, celebrated jewels of the 
Greek archipelago can match the precious heritage 
of architecture owned by Procida and that makes 
this flat island, covered with vines and citrus, one 
of the Italian miraclesŽ (Brandi 2007).

The essential house type described before is here 
densely organized as a sort of barricade that seems 
to prevent the access to strangers arriving from the 
sea. An alignment of houses, tight one on another, 
climbing the hill in its height. The vertical connec-
tions uphill are represented by public staircases 
that serve as access to the houses at the same time.

The urban settlement takes here a direct refer-
ence to the environment, an univocal bond with 
the space. The type of this house was founded by 
adhering to the climate, orography even when this 

was necessarily transformed. This dwelling and 
the construction of the aggregate analyze the deep 
connection with the life of the man and the very 
root of their economic and social content. The 
close relationship between the daily and common 
needs of each family express explicitly the gen-
eration of this architecture. No bigger space than 
needed is built.

The consequence is a defined quality of the space 
and a full rationality in the architecture built.

The buildings are not conceived as build-
ings already concluded, but capable instead of 
continuous enlargements determined by new 
requirements.

In addition, the natural laws of the climate 
determine here a basic need of protection from 
heat and direct sunlight; the orientation of the 
buildings becomes therefore a crucial constraint in 
order to solve, through a perfect knowledge of the 

Figure 3. Cubic vaulted house in Corricella, Procida 
(M. Achenza).

Figure 4. View of the Corricella in Procida (M. 
Achenza).

Figure 5. View of S. Angelo in Ischia (cr. I. 
Giovagnorio).

Vernacu_Book.indb   29Vernacu_Book.indb   29 7/31/2014   7:38:29 PM7/31/2014   7:38:29 PM



30

inclination and penetration of natural rays, a set of 
defense climatic needs in the intern spaces. A con-
tribution in this direction is given by the remark-
able thickness of the walls, needed to contain the 
thrust of the vaults and also to guarantee a wide-
spread insulation, as well as the size of the open-
ings to the outside, varying in the different cases, 
but with many arcades, sometimes half  closed to 
host a service room.

The element •colorŽ in this architecture is one 
of the most interesting. At a white and crimson red 
house, with the blue interior of the arched loggias, 
corresponds another in bright yellow and another 
checkered in different colors, one for each owners 
of the individual •quartiniŽ (apartments). All these 
colors together, bright and cheerful, stay perfectly 
together, and also stand beautifully with the blue-
green of the fertile hills, the cobalt sky, the blue of 
the sea (Capponi 1990).

The result is an ensamble coherent and harmonic: 
despite its high density the space results very open 
and bright, alternating private and public spaces in 
perfect relation, finding the way to relate built and 
green, open and closed.

These features, shape, orientation, integration, 
lighting, aggregation of the spaces, use of colour, 
have been at the centre of many architects• interest 
through years, and the focus of Luigi Cosenza and 
Bernard Rudowsky studies on the Mediterranean 
vernacular house, and then later in many different 
ways declined in the modern architecture of the 
•50 s.

4 THE HOUSE IN THE STONE

The stone vernacular houses in the Phlegraean 
island, and concentrated especially in Ischia, are 
similar to all others in southern Italy, mostly those 
of the areas of Matera and Taranto, but show very 
original features concerning the fact that more 
often the houses are not excavated in the moun-
tain, but in huge limestone masses that detached 
and slid along the mountain side. Many of these 
houses, still in use, are to be found in the Falanga, 
a plateau at 600 m of height alongside the Epomeo 
Mountain in Ischia.

These houses have been reported already in the 
documents of the XV century and they are to be 
considered probably the most ancient building 
examples, as testified by the prehistoric traces on 
the islands. The houses in the stone are a perfect sign 
of the continuous adaptation of the inhabitants to 
the territory, mostly due to the intense volcanic 
activity in the area. The vine cultivation, probably 
introduced by the first Greek colonizers, got so dif-
fused that it became soon the primary agricultural 
activity, determining at the same time the type of 

the local dwellings, that needed, together with the 
living spaces, also cisterns, deposits, fenced spaces 
for the animals, temporary protected spaces, and a 
good system of connections between the coast and 
the mountain (Di Meglio 1997). The cultivations 
were organized in terraces made with dry stone 
walls called parracine, still well kept at use of the 
celebrated wine producers.

The soft limestone allowed a fairly easy carv-
ing, so that a proper house with different spaces 
could be obtained. The internal distribution is 
common to all houses, with the kitchen in the cen-
tre and the rooms at its side. The cellar for goods 
storage was at ground level, and an external stair-
case connected the two floors. A wise rain water 
collection system starting from the higher part of 
the mass to a cistern dug in the ground allowed 
the family a constant water reserve throughout 
the year.

Figure 6. House carved in the mountain, Ischia 
(M. Achenza).

Figure 7. Stone house in S. Angelo, Ischia (M. Achenza).
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5 VERNACULAR SOLUTIONS FOR A 
SUSTAINABLE ARCHITECTURE

The discovery and the study of traditional archi-
tecture in southern of Italy, with its elementary 
characters, has been fundamental already for the 
architects of the modern movement.

What impressed them most was how the houses 
generated by an ancient rural culture could be the 
key to solve some of the problems that mostly 
worried them. These houses were thought as tools 
adapted to specific life conditions: they had to 
pass the test of necessity, and satisfy with the few 
resources at hand the most diverse needs.

They represented a special system capable of 
selecting and exalt the view, catch the light and 
project the shades, to protect from winds and col-
lect rain water, store heat and assure fresh air. An 
environmental control tool, assembled with single 
building units that put together nature in gardens 
and courtyards, or get introduced in it with walls, 
pergolas and terraces (A. Monaco 1997).

Moreover the Mediterranean architecture bends 
the building to the geographical and climatic con-
text, forcing the modern architects to reconsider the 
importance of the threshold, of the passage from 
inside to outside. Thus elements like the porch, the 
entrance, the enclosure, the shutters and all what 
contributes to the composition of the façade, acquire 
a new value as complex composition and mediation 
between interior and exterior (C.M. Aris 2007).

Following these principles, to stay in the same 
area, the Casa Malaparte from Adalberto Libera 
in Capri, considered a jewel of modern architec-
ture, represents a wonderful example of integra-
tion between rationalist modernity and the natural 
environment in perfect integration with the rock 
it lays on, •a wreck on the rock, after the with-
drawal of the watersŽ (Hejduk 2012). Integration is 
recalled inside the house, where windows frame the 
outer panorama through a single glass framed with 
a real frame, like a painting. Even the rear of the 
fireplace has a glass as background, and it•s pos-
sible to look outside through it. Luigi Cosenza•s 
studies of the Phlegraean islands, made together 
with Bernard Rudowsky, profoundly inspired his 
work throughout his all professional life, for pub-
lic, productive and private buildings. The adapta-
tion to the landscape, the use of compact forms 
recalling the traditional cube, the use of local 
materials, are clearly the fundament of important 
projects for private houses and productive spaces 
as in the Olivetti Factory in Pozzuoli. Villa Oro at 
Mergellina, for example, is a private house built 
on the edge of a hill, between the overhang and 
the rear access road. Here Cosenza chose an inter-
nal distribution according to tradition, with the 
services on the ground floor and living spaces on 

the upper floor, the white color to diffuse the light, 
size reduced windows in order to better control 
internal lighting, a system of external terraces.

For the Olivetti Factory he sought the best 
exposition to sun choosing accordingly spaces for 
production and for resting. He alternated wisely 
green courts to work spaces. The control of light 
diffusion was guaranteed by a roof converging to 
the center of the building, filtered through metallic 
adjustable shades. According to the local tradition 
he developed an interesting rain water collection 
system through cave pillars.

Cosenza•s coetaneous, Antonello Monaco, 
underlines how Mediterranean vernacular archi-
tecture offers since ever adequate and convincing 
responses, and how it can be teaching a method, 
research of essentiality, practice of saving and 
environmental rehabilitation. Its universality, 
continues Monaco, has to be researched in the 
method used to give adequate response to essential 
needs, and in the research of a severity that can 
contain the ethic factor of the a saving against the 
excess of consumption, the waste of resources and 
the indiscriminate exploitation of the territory 

Figure 8. Casa Oro in Mergellina (Naples) (Research 
Library, The Getty Research Institute).

Figure 9. Olivetti Factory in Pozzuoli (cr. Archivio 
Storico di Napoli, Fondo Cosenza).
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(A. Monaco 1997). Words pronounced long ago 
but that sound never as actual as in the present 
time.

During the very last years, the scientific com-
munity has focused its attention to the bioclimatic 
features of the Mediterranean vernacular building 
culture (H. Coch, A. Monaco, A. Rogora, etc.) 
aiming at reusing it into the contemporary design 
solutions, as already occurred in the work of sev-
eral contemporary architects, such as A. Siza, 
A. Campo Baeza, C. Ferrater and many others.

Everybody, in one way or the other, agrees that 
many •lessonsŽ learned from vernacular archi-
tecture about the strategies to control local con-
straints such as climate, lighting, air flows, natural 
disasters among other.

So that the reinterpretation and re-use of the 
courtyard by A. Siza, the use of light in all its mani-
festations, horizontal, vertical, zenithal as funda-
ment for the design of A. Campo Baeza, the wilful 
attempt of integration of the building into the land-
scape and the capacity to cooperate with in terms 
of water supply, wind/sun shading researched by C. 
Ferrater are just some of the best known examples.

But, as H. Coch states in her article •Bioclima-
tism in vernacular architectureŽ (Coch 1998), we 
shall remember that our popular architecture, so 
often forgotten in official circles, may well be the 
kind which can best teach us today how to assimi-
late the bioclimatic approach in the practice of 
architectural design.

However we should not consider these solutions 
to be models to copy in current architecture.

Our technical capacity and our cultural ground-
ing prevent us from returning to these obsolete 
architecture forms, but what may be of use as a 
lesson and a source of inspiration is the attitude 
of the builders of this popular architecture which 
recovers a relationship to the environment which 
has been lost in the more official architecture of 
the 19th century (H. Coch 1998).

6 CONCLUSIONS

A modest research made around vernacular build-
ing in the Phlegraean islands gave start to a deeper 
observation related to the local simple building 
strategies developed by the inhabitants in order to 
cope with the local environment and climate.

As already remarked by preceding and more dis-
tinguished architects, even if  it•s never a striking 
nor a monumental architecture, vernacular Phle-
graean construction sure represents an important 
inspiration for contemporary architects, in order 
to regain possess of the control of the basic con-
tact to environmental issues.

The 3 main pillars of  vernacular architecture 
represented by environmental, socio-cultural and 
socio-economic issues, in Ischia are very well rep-
resented in all different context, whether close 
to the sea or up on the hills, whether at service 
of  fishing or of  agriculture. A closer meditation 
on the lessons that this type of  settlements can 
give us, would offer a substantial contribution 
to the management of  the deep energetic crisis 
our developed building sector is encountering at 
present.
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ABSTRACT: The concept of environmental sustainability is one of the most fundamental aspects of 
sustainable architecture which is easily perceivable in the traditional architecture in the central plateau of 
Iran. This research is an attempt to clarify different architectural approaches to nature and recognize those 
attributes of architecture that contribute to environmentally-friendly built environment. To achieve this 
aim, notable aspects of nature•s manifestation in Iranian traditional desert houses are going to be studied, 
applying the grounded theory as the research method, concentrating on three houses in the historic city 
of Yazd. Accordingly, based on the data gathered from the houses, architectural approaches to nature 
will be emerged. As a result, this paper is going to emphasize on the comprehensive manifestation of dif-
ferent aspects of nature in its truest sense of the word through two main and fundamental architectural 
approaches including perfection and harmony in terms of environmentally-sustainable development.

other toward the destined perfection (Nasr 
1998). In case a thing diverts from the destined 
path, the other things lead it to the right path to 
make it compatible with other things, otherwise 
there is no way to continue its life (Tabatabai 
1984).

In traditional belief, therefore, the continuity 
and durability, or in other words the sustainabil-
ity of  the things, including architecture, are first 
based on being in harmony with the rules and 
principles of  nature (Motahari 1988) and second 
being in line with the destined perfection (Tabata-
bai 1984). Therefore, Harmony with nature (the 
harmony approach) and perfecting the nature in 
the destined path (perfection approach) are con-
sidered as two special rules for traditional man-
kind in the creation of  things, e.g. architecture. 
Architecture, as a man-made creation and part 
of  nature, will be sustainable when it follows and 
is in complete harmony with the nature, and pro-
vides the ground for the perfection of  nature. In 
traditional architecture, these two sustainable 
approaches are recognizable.

The present study will introduce the evidence of 
these approaches in three houses in the central pla-
teau of Iran, Yazd, namely Lariha house, Kolah-
douzha house, and Rasoulian house.

1 NATURE IN TRADITIONAL MANKIND 
BELIEF

To express the sustainable approaches of the tra-
ditional mankind to nature, his understanding 
of nature is of prime importance. In traditional 
world, there is an inseparable bond between tra-
ditional belief and religious belief in such a way 
that the traditional beliefs are primarily based on 
religion (Guenon 2001).

Therefore, the real understanding of nature from 
the traditional mankind•s point of view should be 
sought in religious thought. The study of Islamic 
traditional beliefs in Iran reveals the consideration of 
three basic dimensions of nature. First, the physical 
dimension including natural elements, e.g. water, soil, 
trees; second, the intrinsic dimension (the essence 
of nature) including the qualitative properties of 
natural phenomena, on the one hand, and rules and 
principles of nature on the other hand; finally, the 
symbolic dimension of the nature which represents a 
part of the beliefs of traditional mankind.

2 THE TRADITIONAL MANKIND•S 
SUSTAINABLE APPROACHES TO 
NATURE

In the traditional world, either man-made or 
natural things are in unique harmony with each 
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3 THE MAIN APPROACHES TO NATURE 
IN THE TRADITIONAL HOUSES OF 
YAZD

The beliefs of the traditional mankind prepare the 
ground to take benefits from nature and define a 
definite relationship between nature and architec-
ture on the basis of two main approaches: har-
mony and perfection. Through these approaches, 
nature has achieved its right place in different lev-
els in architecture. The houses, as the case studies, 
thoroughly present the codes whose analysis sup-
ports the mentioned approaches on the basis of 
Grounded Theory.

3.1 The harmony approach

3.1.1 Harmony of architecture with physical 
dimension of nature

Nature is an effective factor in architecture. In this 
approach nature emerges in two different forms: 
nature as the context of architecture, and nature as 
the component of architecture.

3.1.1.1 Nature as the context of architecture
In these houses, through the recognition of the 
natural context properties, the capabilities are 
employed and even the limitations are turned into 
possibilities. For instance, the high temperature 
and dry climate in Yazd are controlled through fol-
lowing strategies and techniques:

Developing a relatively favorable micro-climate 
by making a courtyard, planting and creating 
shade, setting up pools with fountains (Fig. 1).

Building basements to decrease the thermal 
exchange, and exploiting the moisture of the 
underground (Fig. 2).

Building wind towers for passive air circulation 
of buildings through inhalation and exhalation 
(Fig. 3).

Building half-open spaces e.g. Talar (a half-open 
space located in the south front of the courtyard) 
which simultaneously provide the opportunity for 
air-conditioning and sunlight protection.

Building thick adobe walls to extend the time 
lag for the heat penetration from exterior to inte-
rior, and delay heat transfer from midday until 
evening hours.

Establishing a periodical movement from winter 
section to summer section, and vice versa, consid-
ering the properties of daylight in different geo-
graphical directions of the courtyard (Fig. 4).

Building high walls and arch roofs to ease 
indoor air circulation, and to cast longer shadows 
(Fig. 2).

3.1.1.2 Nature as the component of architecture
In the present houses, nature including natural 
events, elements, and substances is welcomed as an 
architectural component.

1. Natural events in the architecture
 Natural events including day and night, the 

change of season and time and even natural ero-
sion are perceived in these mentioned houses. Not 
only does this existence develop a deep and strong 
relationship between the nature and the residen-
tial environment of the traditional mankind, but 

Figure 1. Lariha house, developing a humid and cool 
micro-climate in a hot-arid climate (Adeli).

Figure 2. Rasoulian house, underground architecture 
and taking advantage of soil geothermal properties 
(Haji-Qassemi).

Figure 3. Exploiting favorable wind to sustain the 
comfort condition through a: Sucking cool and humid 
air from courtyard to the indoor spaces, and b: Drawing 
the favorable and prevailing wind to the indoor spaces 
(Abbasi).
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also it creates variety and improves the quality of 
the human-built environment (Fig. 5a,b).

2. Natural elements in the architecture
 Water, trees, sunlight, etc, are considered to 

be the components of architecture; therefore, 
architecture makes an intimate connection with 
nature (Fig. 6).

3. Natural substances as the architectural materials
 Exploiting natural, local and recyclable materi-

als, such as sun-dried adobe, brick, wood and 
gypsum, is the dominant characteristic of these 
traditional houses where these building materi-
als create a nature„compatible architecture.

3.1.2 Harmony of architecture with the intrinsic 
dimension (essence) of nature

This approach brings about the coordination 
between the essence of architecture and nature, 
and involves exploiting the natural processes, 
nature•s qualitative characteristics and the rules of 
nature in the architecture.

3.1.2.1 Natural processes in the architecture
Adaptability and compatibility can be named as 
the most important natural processes. In nature, 

Figure 4. The separation of winter and summer sec-
tions, b: Respecting privacy principle, by building private 
and public sections in Rasoulian house (Haji-Qassemi).

Figure 5a. Day pass and a variety of architectural qualities in Rasoulian house (Adeli).

Figure 5b. Seasonal change and variety of architectural qualities in Lariha house (Abbasi/www.yazdchto.ir).
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everything adapts itself  to its surrounding environ-
ment something which brings about the chance 
of its survival. On the other hand, compatibility 
between the natural events and also between every 
natural event and its context are commonplace in 
nature (Alexander 1979).

There is the same characteristic between the 
events which take place in traditional architecture. 
In the houses under study, human events (activi-
ties) and natural events are inextricably inter-
twined, in such a way that natural events are both 
the compo nent, and the context of human activi-
ties and strongly support them.

For instance, a major part of the residents• activi-
ties occur in the courtyard next to the natural ele-
ments and events. The followings are some examples 
of the coherence between natural and human events: 
putting a wooden bed over water next to the trees, 
the breeze on the water, the red fish in the water, bird 
song, the soothing evening sunlight, leaving fruits in 
the pool and family gathering, as well as personal or 
collaborative activities in the courtyard.

3.1.2.2 Qualitative characteristics of nature in 
the architecture

In this case, truthfulness, semantic hierarchy, repeti-
tion and variety are some characteristics of nature, 
which are taken into account in the present houses.

1. Truthfulness
 •All those things which we loosely call natureƒ

are just those things which are true to their own 
natureŽ(Alexander 1979). They are void of 
every redundancy, and honestly present what-
ever they are. In such a concept, architecture is 
a place where everything is whatever wants to 
be. The manifestation of this concept in these 
houses can be studied as follows:
a. Respect to the essence of the building 

materials
 The application of  building materials in 

the stu-died houses is with great attention 
to their essence and qualities. For instance 
building plinths and basement walls with 
brick due to their pressure and rising damp 
resistance, and building other walls with 
sun-dried adobe due to their high thermal 
capacity can be named as the notable exam-
ples of  this principle (Fig.6).

b. Respect to the essence of the building 
materials

 The form of these houses represents its 
expected function. Indoor seasonal immigra-
tion and the courtyard pattern, ensuring pri-
vacy and building private and public spaces 
can be mentioned as examples of this princi-
ple (Fig. 4).

c. The truthfulness of structure in relation with 
the form of architecture

 There is a well-defined and honest relation-
ship between the form of  architecture and 
the structure. For instance, talar, placed 
elegantly on the main axis of  the court-
yard, needs buttresses to support back its 
horizontal thrust due to its wide span. The 
attachment of  two short-span gooshvares to 
both sides of  talar thoroughly completed 
the architectural pattern of  the building and 
rose to this structural challenge. Further-
more, the wall niches not only lighten the 
heavy walls, but also create a dynamic space 
with their rhythmic pattern (Fig. 7).

2. Semantic hierarchy
 Nature has its own semantic hierarchy which can-

not be perceived openly by the viewer in the first 
visit. Based on the addressee•s characteristics, 
condition and the environmental circumstances, 
the understanding of these meanings will be 
achieved. These houses develop thought-provok-
ing places through symbolism and abstraction, 
despite their legibility and clarity. For instance, 
orosi (a kind of lattice sash window) with its 
geometrical patterns and color glasses not only 
brings about vibrancy, vitality and dynamism 
but also, in a deeper layer of meaning, manifests 
heaven and otherworldly beliefs which make the 
viewer thoughtful (Fig. 8).

Figure 6. Vine as a natural shade in Lariha house 
(Mahmoudi Aznaveh).

Vernacu_Book.indb   36Vernacu_Book.indb   36 7/31/2014   7:38:34 PM7/31/2014   7:38:34 PM



37

3. Variety and repetition
 Nature is of repetitive patterns and structures 

which create unique phenomena, since the •pat-
terns interact differently at every spot. They 
interact differently with one another and they 
interact differently with the details of their sur-
roundingsŽ (Alexander 1979). Nature-inspired 
architecture is of the same characteristic, that 
is, the natural building has the same balance 
between repetition and variety. This feature is 
easily observable in the facades of these houses 
(Fig. 9).

3.1.2.3 The rules of nature in architecture
These residential buildings are in compliance with 
the rules of nature. For instance, these houses are 
established on the basis of perfect realization of 
gravity and structural stability, in such a way that 
the forms of the structure clearly present force 
transfer (fig. 10). Furthermore, a variety of light-
weight techniques have been employed to increase 
the structural stability and resistance of the build-
ings against lateral forces for which kane Sazi (a 
lightweight construction technique, in which the 
distance between the flat part and the arch part in 
the arch roofs is hollowed out leaving small con-
structed holes) can be cited as a notable example 
(fig. 2). Moreover, in the houses under study, the 
rule of energy-efficiency and the life cycle rule are 
noticeable, for which passive methods have been 
applied and natural and recyclable materials have 
been employed.

3.2 The perfection approach

Nature perfection in these buildings is accom-
plished in two ways: the tangible presence of natu-
ral elements as a symbol, and the abstract presence 
of the natural elements.

3.2.1 The symbolic presence of natural elements
The tangible presence of natural elements, men-
tioned in the harmony approach section, is emphat-
ically accompanied with their symbolic aspects. 
For instance, the entrance of water in the tradi-
tional architecture is not just to satisfy residents• 
needs and requirements but primarily according to 
its otherworldly aspects in traditional belief. Hav-
ing perceived the properties and the behavior of 
water, the traditional architects objectified water in 
these houses focusing on the symbolic meanings of 
water, and revealed the centrality and unity in the 
architecture (fig. 9).

3.2.2 The abstract presence of natural elements in 
the architecture

In this case, instead of the tangible presence of 
natural elements, their abstract figure is presented. 
The abstract nature represents a symbolic meaning 
or otherworldly belief, for which geometric plan 
and the decorations in these houses can be men-
tioned. For instance, in Arabesque, vegetative or 
floral figures with intertwined lines and patterns 
are depicted in an abstract mode. These elaborate 
designs used to symbolize the transcendent and 
infinite nature of God and represent some other-
worldly concepts and remind of the secrets behind 
the material world (Fig. 10).

Furthermore, sun and the sunlight, as symbols of 
pure light (God) which shines on the material world, 
are represented in the form of Shamse (Fig.11).

Figure 7. Talar gooshvare attachment in a compatible 
structural architectural system in Kolahdouzha house 
(Adeli).

Figure 8. Lariha house, semantic hierarchy in architec-
ture (HamidReza Dehgham).
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4 CONCLUSION

As it was stated, concerning nature, architecture 
is of two aspects: architecture as a part of nature, 
and architecture as a man-made creation in nature. 
Sustainability of architecture as a part of nature 
requires compatibility and harmony with nature, 
while considering sustainability of architecture as 
a man-made creation in nature requires bringing 
nature to perfection. In other words, in terms of 
sustainability, harmony with nature and nature 
perfection are two entirely reasonable architectural 
approaches to nature, since, in the traditional view, 
sustainability of the things is achieved through 
being in harmony with nature and being in the line 
with the distend perfection.

Adopting these approaches and considering the 
triple dimensions of nature (physical, intrinsic and 
symbolic dimensions), in these houses, traditional 
architects employed nature in a variety of forms 
and ways and this is the secret of the sustainability 
of this architecture through centuries.
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ABSTRACT: Bursa is a metropolis with numerous villages; the traditional architecture is character-
ized by masonry ground level walls supporting the timber frame of the upper floors. With the advent 
of modern techniques and materials, there has been a shift in the construction industry; the traditional 
character of the villages started to change dramatically. Further damage can be stopped by adoption of 
systematic approaches. Legal protection is important but lack of technical expertise and financial support 
results in great losses to vernacular architecture. Recently, public funds and technical assistance have been 
provided to improve streetscapes and rehabilitate the historic houses in villages. Conservation projects are 
being guided by local governments. Four historic villages near Bursa were studied to compare the current 
conservation mechanisms in force and to suggest guidelines for good practice.

1.2 Methodology

The research aims to make an assessment of the 
approaches to the conservation of rural heritage 
around Bursa. Current conservation measures 
depend on the technical capacities and the budgets of 
the local governments in the region. There are many 
historic villages but due to lack of legal protection 
and financial support, they have not been the subject 
of conservation projects until recently. To discuss 
the impact of conservation decisions and the ongo-
ing projects, four historic villages were selected in the 
vicinity of Bursa. A survey was conducted to see the 
state of conservation and the financial and profes-
sional support from the local governments or other 
agencies. The research included visits to the sites and 
collection of information from the responsible bod-
ies. The second step was to compare the effectiveness 
of the different conservation approaches. The paper 
will discuss the positive aspects and drawbacks of 
the different strategies in order to make sound deci-
sions while selecting conservation approaches.

The decisions of the Regional Monument Coun-
cil form the legal basis on which the local authori-
ties develop conservation projects. The Ministry of 
Culture and Tourism, the Governorate of Bursa, 
local authorities, private firms and NGO•s sup-
port preservation activities in villages. There are 
diverse approaches; some villages are neglected and 
redundant, some attract visitors and are used for 

1 INTRODUCTION

1.1 History of the region and the need for action

Bursa, ancient Prusias, was a fortified city perched on 
the northern slopes of the Mysian Olympus. After the 
Ottoman conquest in the fourteenth century, the city 
grew outside the Hellenistic walls and became a signif-
icant commercial center with spacious inns and cov-
ered bazaars. The town and the surrounding region 
were famous for silk production and industry until 
the second half of the 20th century (Cantimur 2013).

Bursa•s population grew from 847,000 in 1970 
to 2,741,000 inhabitants in 2013. Due to the urban 
sprawl and encroachment of industry over the fer-
tile plains, the landscape and villages around the city 
have changed dramatically; urgent action is needed to 
save the rural settlements which are not yet affected.

The documentation and listing activities have 
been restricted in the rural areas of Turkey. Recently, 
local governments assume more responsibility for 
cultural heritage, restoring historic buildings and 
assigning them cultural and recreational functions. 
This is a good sign for the future of historic vil-
lages. Several NGO•s are interested in heritage and 
support conservation efforts but expert advice and 
traditional skills are needed for better results. The 
research presented here tackles with the protection 
measures in force and the methods used to main-
tain and improve the rural heritage of Bursa.
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festivals, film shooting and cultural events. The selec-
tion of the villages for research reflect this variety. 
They were from the east and west of the metropolitan 
center. The village at the eastern end, Cumalškšzšk, is 
governed by Yšldšršm Municipality. The other three 
villages are located to the west of Bursa and within 
the boundaries of Nilüfer Municipality. The com-
pleted and ongoing projects in the region have been 
researched by site visits; additional technical data was 
collected by consulting the Bursa Monument Coun-
cil and the technical staff of the local authorities.

In Hasan A�a village, the historic mosque dat-
ing from 1852 (Vakšflar 1986) was designated but 
the old houses around it were not considered wor-
thy of protection. The mosque suffered from the 
1999 earthquake; it could have been repaired but 
the local government insisted on its delisting and 
demolition. Thus the old village mosque was lost. 
The traditional houses are in a dilapidated condi-
tion. Instead of repairing them, people build new, 
larger houses in the adjoining gardens. Uncon-
trolled development due to lack of protection 
measures has lead to the loss of the visual and 
structural integrity of the rural landscape.

Apolyont (Gölyazš), ancient Lopadion, is a beau-
tiful site, attracting visitors. In spite of its archaeo-
logical and architectural significance, the efforts for 
Gölyazš•s conservation have not produced satisfactory 
results. Several houses are in ruins. Recently, Nilufer 
Municipality, restored an old house to be used as a 
retreat by writers. There is a conservation plan for the 
site and workshops are being organized to bring for-
ward new ideas for the future of the place.

It is important to support rural life and sustain the 
population living in the villages. If the living condi-
tions are not good, people leave their villages to look 
for jobs in big cities. There are efforts to vitalize the 
neglected, depopulated historic villages by enrich-
ing them with new functions. In this respect, some 
villages have priority due to their natural assets, set-
ting, architectural quality and integrity. Misi which 
has been designated as a conservation area in 1989 
is one of them. A conservation plan has been devel-
oped for the village and there are projects to restore 
its houses and streetscapes (Fig. 1).

An old house was converted into the local 
museum; another house became a children•s library. 
Women from the village came together and estab-
lished a restaurant, serving local dishes. The local 
authority leads the ongoing street improvement 
project.Costs are shared; local authority pays for the 
façades and roofs; the interiors are improved by the 
house owners. Another village which attracted schol-
arly attention and public funds for its rehabilitation 
is Cumalškšzšk, situated 12 km to the east of Bursa. 
The village was designated as a conservation area in 
1981; legal protection prevented the construction of 
out of scale buildings within the village.

A conservation plan was developed in 1993 but 
did not come into force until 2012. The recently 
revised conservation plan aims at protecting the 
authentic village with its street structure, timber 
houses and the surrounding orchards and the for-
est. The people are encouraged to live in the village 
and maintain their property.

Cooperation among Bursa•s Chamber of Archi-
tects, several NGO•s active in cultural heritage field 
contributed to the engagement of the local authority-
Yšldšršm Municipality-in preservation activities for 
Cumalškšzšk. Several workshops, summer schools 
were organized in the village and project proposals 
were developed for its future (Bilenser, 1999).

Yšldšršm Municipality treats the village as a sig-
nificant heritage site from the Ottoman period. 
With the approval of the Ministry of Culture and 
Tourism, Governorate of Bursa provided finan-
cial support for the implementation of restoration 
projects. The municipality has managed to develop 
the necessary technical documentation and restora-
tion projects for all the listed buildings; houses, the 
village mosque and the small public bath. Since two 
and half years, the authors have been working with 
Yšldšršm Municipality to conserve the Cumalškšzšk 
village. A lot of new information about materi-
als and construction techniques is collected and 
experience gained during the implementation of 
restoration projects. Interest of the local people in 
conservation is increasing in parallel with systematic 
works. The adherence to international conservation 
rules and training of craftsmen in traditional tech-
niques is one of the major gains from the projects.

2 CHOOSING THE REHABILITATION 
MODEL

In preserving rural landscape, the Ministry of Cul-
ture and Tourism has a great role because the desig-
nation process is its responsibility. When there is no 
legal protection, the inherent values of the site are 

Figure 1. Street rehabilitation in Misi (2014). Credits: 
The authors.
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not recognized and the chances for preservation are 
reduced. Hasan A�a village is only one of the many 
villages which has suffered from lack of designation 
as a cultural asset. The second step after designation 
is the establishment of the mechanism to enforce 
active protection. 1/1000 scale conservation plans 
are a necessity to define permits for new buildings 
and control changes. Gölyazš, Misi and Cumalškšzšk 
have conservation plans but conservation activity 
has been very limited until recently. For projects, 
local governments allocate budgets from their own 
sources and/or get funding from the Governorate of 
Bursa. Nilufer Municipality has several projects in 
Gölyazš and Misi. The scope of the works, the qual-
ity of the projects and implementation are important 
factors contributing to the success of rehabilitation 
efforts. The experience in Misi includes rehabilita-
tion of street façades and the restoration of some 
historic buildings. The conversion of a house to a 
children•s library contributes to the appreciation of 
the historic building and its educational value. In the 
street rehabilitation project, the local government 
pays for the street façade but does not offer techni-
cal or financial assistance for the interiors.

When the selected villages are compared for their 
inherent values, Cumalškšzšk ranks higher with its 
integrity as a heritage asset and the architectural 
and structural quality of its houses. The quality of 
the craftsmanship, the time, energy and attention 
devoted to project development and implementa-
tion phases in Cumalškšzšk also score higher when 
compared to the projects developed in the other 
villages. Providing details of the approach to the 
rehabilitation projects in Cumalškšzšk may help to 
explain the model better.

2.1 Old houses and the need for rehabilitation

There are no inscriptions on the houses in 
Cumalškšzšk, but by stylistic analysis, most of them 
are dated to the nineteenth century. The houses are 
two or three storeys high.

The access to the houses from the street is by two 
winged doors opening to the entrance hall and the 
courtyard. The ground floors have spaces reserved 
for household animals, storage of goods and fire-
wood. Usually, there is a stable, an oven for bak-
ing bread and a toilet on the ground level. Timber 
stairs lead up to the first floor, which has a gallery/ 
a semi-open space preceding the rooms. In houses 
with two floors, the upper floor was used for most 
of the activities of the household. In the houses 
with three floors, the intermediary floor with its 
low ceiling was used during winter and the spacious 
upper floor was preferred in the hot season.

In old Turkish houses, people sat on fixed sofas 
placed along the walls (Kuban 1995). Floors were 
covered with rugs or carpets; cushions and curtains 

were the accessories. Beds were kept in the cup-
boards and spread out on the floor at night. To serve 
meals, they used big trays which were removed after 
the meals. Today, village people tend to use mod-
ern furniture like couches, dining tables and double 
beds which occupy a lot of space in the rooms.

Old houses lack several of the services which are 
essential for modern living. According to interviews 
with the village people, proper kitchens, bathrooms 
and toilets are needed. Heating in old houses was by 
fireplaces. In the 20th century, when people started 
to use stoves for heating, most of the fireplaces were 
blocked by building a wall in front of the niche.

2.2 Problems related to masonry structure 
and timber frame

Local stone was used to build the high walls of 
the ground level. Earth mixed with straw was used 
as the mortar and for plastering. The stone walls 
are reinforced with timber lacing at intervals of 
1…1.5 m. Unless it is neglected and deserted for a 
long time, this kind of structure resists earthquakes 
and behaves well when subjected to tremors. Walls 
are protected by wide eaves but leaking pipes or 
neglected roofs can lead to the washing off  of the 
mortar from the masonry construction, as a result 
of which the walls become unstable.

In houses with major structural problems, res-
toration of cracked walls and replacement of dete-
riorated timbers are necessary. Damaged sections 
of the walls are dismantled and reconstructed with 
the same materials and technique.

The timber upper structures of the houses are 
filled with adobe blocks. The nearby forest sup-
plied the timber for the houses. The craftsmen 
used large cross sections of chestnut trees in col-
umns, joists and the roof structure to make robust, 
durable structures. It was considered of prime 
importance to use the same traditional materials 
and techniques for restoration (Soikkeli 2000). The 
contractor tried to supply chestnut trees for the 
replacement of columns and roof trusses.

2.3 Need for remodeling and refurbishment

In the twentieth century, people changed their way 
of living and tried to adapt their houses according 
to their new demands. They added kitchens, bath-
rooms and toilets to the houses. Windows were 
enlarged. During the recent survey for rehabilita-
tion, the inappropriate additions damaging the 
original form and integrity of the structures were 
indicated on the plans and cross sections, with an 
intention to remove them during restoration.

In and around Bursa, the climate is temperate 
but with the nearby Olympus, southern blizzards 
bring cold spells on the village. It can be hot in 
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summer, so courtyards with shaded areas and the 
spacious galleries are ideal for summer use.

Houses are open to the garden and only the 
rooms were heated in cold days. The problem with 
the galleries on the upper levels is that they are cold 
in winter and rain can come in and wet the floor. 
People tend to close in these semi-open spaces. 
Some galleries were walled in; plywood ceilings were 
added in order to stop heat loss. The modifications 
were made without consulting the local authority.

Although suitable for winter use, closed galler-
ies are not so favorable in summer. Insertion of 
removable glass panes or curtains is a practical 
solution for good ventilation in summer.

Old houses have historic and aesthetic values. 
During the preparation of restoration projects, the 
demands of the proprietors were evaluated. Usually 
the ownership of the houses is divided. There are sev-
eral heirs and each shareholder wants to have a sepa-
rate part in the house. To divide a house into smaller 
units is possible when the number of shareholders 
is small. Rehabilitation aims at improving modern 
comfort, whilst still respecting the core values of the 
houses (Young 2008). The insertion of a new kitchen 
and a toilet without interfering with the structure and 
the spatial features is a critical issue. Specific solutions 
need to be developed for each house, considering the 
house type and the habits of the users.

Adaptation of the houses to other functions, 
like a guest house or a cultural center is a diffi-
cult task. Some new service areas can be inserted 
between rooms or within closets. New bathrooms 
and kitchens on the first and second floors requires 
installation of vertical shafts. The presence of a sta-
ble or a storage room on the ground level helps to 
insert the new installation, without causing visual 
interference to the entrance hall.

3 GUIDELINES FOR REHABILITATION

3.1 Defining priorities for action

Historic houses deserve preservation but after the 
designation of the village as a historic site in 1981, 
the people in Cumalškšzšk were not provided with 
any technical or financial help for maintenance and 
repairs. Some house owners were not happy because 
of the restrictions imposed on their property. For 
many years, the inhabitants could not repair their 
houses because they did not have the financial means. 
Some villagers moved out but they did not sell their 
property. Thus, the social structure of the village 
was preserved. Unfortunately, the families which 
continued to live in the village repaired or rebuilt 
their houses without much care for authenticity.

Since 2007, the technical staff of Yšldšršm Munic-
ipality coordinates conservation works in the village. 

The municipality receives grants from the Governo-
rate of Bursa for the implementation of projects.

There are difficulties in adapting the old village 
houses to modern standards of living. Heating, 
water supply, electricity, telephone, internet are 
needed. Insertion of new electric and heating sys-
tems without disturbing the general outlook of the 
interiors and exteriors of historic structures is an 
important issue.

Municipality made an assessment of the condition 
of the houses and prepared a priority list according 
to the urgency of the interventions, the architectural 
significance and authenticity of the structure. Sev-
eral architectural firms were contracted to develop 
the rehabilitation projects. The projects aimed to 
adapt the houses to present day conditions without 
damaging their characteristic features. During the 
implementation of the projects, ICOMOS Charters 
on the Built Vernacular Heritage and Principles for 
the Preservation of Historic Timber Structures were 
taken as guides (ICOMOS 2001). Within this frame-
work, 23 houses have been restored in Cumalškšzšk 
since 2012. Repairs were undertaken by trained 
craftsmen, using traditional materials and tech-
niques. The exteriors of houses were painted using 
traditional colors (Ahunbay, et al. 2013).

The details of rehabilitation work and problems 
encountered during the execution of the project 
can be better explained by examples. The authors 
have contributed to the implementation of the 
projects as the site manager, control engineers and 
conservation expert.

3.2 Case Study 1: House of the Ilhan Family

This three storey house is located at a central posi-
tion in the village, very close to the main square. 
The project was developed by conservation archi-
tect Emrah Ünlü and his associates after consulting 
the house owners and taking into consideration the 
impact of the changes on the spatial character and 

Figure 2. House of Ilhan family, south façade. Credits: 
E. Ünlü, 2012.
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integrity of the structure. Originally inhabited by a 
single family, the three storey house is now owned 
by three sisters who want to have separate apart-
ments. To transform the house into three independ-
ent units presented problems. Care was taken to 
preserve the authentic spatial character integrity of 
the house. The additions are easy to remove being 
made of timber (Fig. 5). The house had advanced 
material decay and structural problems due to the 
subsidence of the south wall of the ground level.

As the first step in the intervention, the masonry 
walls were consolidated and the timber frame was 
propped. The upper part of the south façade and 
its timber frame were preserved; the deteriorated 
floor joists and boards were replaced. The project 
is considered successful, as the structure was saved 
from collapse and most of the original fabric has 
been preserved.

3.3 Case Study 2: Houses of the Akay Family

This group of houses is situated over a large iso-
lated plot. Originally, there were three separate 
houses belonging to the members of the same 
family. Due to neglect, the house at the northeast 

collapsed. Considering the size of the plot, the 
spacious courtyard and the number of rooms, the 
decision was to convert the houses into a guest-
house. Since the old houses did not have proper 
toilets and bathrooms, these facilities had to be 
added. The designer proposed to insert new bath-
room units between bedrooms; some rooms were 
to be divided into two and used as the toilet and 
bath units of the adjoining rooms.

When restoration works started at the end of 
2012, the houses were in an advanced stage of deteri-
oration. The timber frame was documented and the 
deteriorated members were removed to be replaced 
by the same sized sound members. The entrance hall 
of the second house was converted into the break-
fast room. The proprietors changed their mind as 
the project neared completion. The older of the two 
house owners, an 85 years old lady, who had been 
living in Bursa for thirty years wanted to come back 
and live in her house. Her wish was accepted by the 
other shareholder, her daughter, who decided to 
move to the village and live with her mother. The 
daughter has plans to use her part as a hostel.

Only two of the over twenty projects could be 
presented here. The rehabilitation has created a 
positive atmosphere in the village. People ask when 
their house will be restored. Interviews were made 
with local people to learn about their impressions 
and ideas about the ongoing and completed con-
servation works. All expressed their satisfaction 
to have proper kitchens, baths and toilets. They 
are happy that their houses are carefully restored. 
They believe that Cumalškšzšk deserves to be pro-
tected for the future generations.

3.4 Current trends in conflict with proper 
conservation

With its beautiful natural surroundings and attrac-
tive historic atmosphere, Cumalškšzšk has a potential 
for tourism. It is accessible by public transportation 

Figure 3. Ground floor plan of the Ilhan House. Credits: E. Ünlü, 2012.

Figure 4. Ilhan House, second floor plan with new 
bathroom and kitchen. Credits: E. Ünlü, 2012.
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and tours are organized for local people and tour-
ists, especially on weekends. At the moment, there 
are several cafes, and restaurants in the village; the 
number of hostels are restricted, but they tend to 
increase with the tourism movement. The first 
attempts to raise awareness about Cumalškšzšk•s cul-
tural value were led by Bursa Metropolitan Munici-
pality and ÇEKÜL Foundation (Yšlmaz 1999). 
They restored and converted some houses into res-
taurants and hotels in order to offer suitable services 
to the visitors. These houses are still active.

Local people are happy about arrival of tour-
ism; they profit from the commercial activity but 
this might have adverse effects on the integrity 
of the place. A recent critical development asso-
ciated with tourism is the transformation of the 
streetscapes and open spaces. Garden walls which 
were important for the privacy of the family are 
removed to establish a visual link with the gardens 
that are used as cafes or restaurants.

4 CONCLUSIONS

The joint efforts of professionals and NGO•s of 
Bursa have been useful in attracting attention to 

cultural heritage and developing projects for rural 
sites. Major conservation projects should be sup-
ported by funds and a multidisciplinary team 
equipped with conservation experts to carry out 
systematic work on the site. It is important to 
develop sound proposals and find sustainable solu-
tions to the preservation of historic villages.

Currently local authorities prefer street rehabili-
tation projects which require a small budget and 
produce quick results. But the life span of cosmetic 
repairs (façadism) (Tiesdell 1996) is very short. 
More proper and conclusive method of interven-
tion is the in depth study and rehabilitation of 
the traditional structures. The experience gained 
in Cumalškšzšk can be shared with other heritage 
authorities, to improve the conservation practice in 
other villages.

Conservation plans aim at preserving the land-
scape and the rural atmosphere. Tourism should 
support the sustainable development of  rural set-
tlements. The risks should be kept under strict 
control; the changes should be monitored care-
fully by the authorities and the other interested 
parties.
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Láguena, a roofing technique in Campo de Cartagena, Spain
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ABSTRACT: In the extreme southeast Region of Murcia, one will come across a natural region which 
is known as Campo de Cartagena. It•s situated between the prelittoral mountains of Carrascoy and the lit-
toral mountains of la Muela, la Fausilla and Minera de Cartagena-La Unión, limiting the eastern part of 
Mar Menor. This particular orography, brings a very interesting architecture which highlights a flat roof 
cover by láguena, which is cute perculiar compared with other vernacular architecture. In spite of being a 
very rooted system over this area, actually there are a few cases where it is possible to discern it.

Although most of the hydraulic infrastructures 
performed in that period perished along the time, 
they were constantly rebuilding or erected in places 
where the population needed them. The water for 
cultivation service had two different origins, firstly 
the ravines and secondly the underground waters. 
The later one consisting of the extraction from 
the phreatic levels by wells, water mills or wind 
mills. Cisterns and pools were used for storage and 
canals and small aqueducts were used for driving 
the water to other areas.

After the Reconquest, the first areas to be occu-
pied were the irrigated areas because they were 
the richest soil earths and secondly the plains with 
the dry lands. Afterwards in the 15th century they 
attributed all the fields without owners which were 
not taken up before. From this moment the villages 
and settlements received their toponymy from the 
name of the dominant families in each one such as 
Los Almagros, Los Soto, Los Flores, etc.

3 STUDY AREA„RURAL LANDSCAPE

The study which will be developed below about 
dwellings, was carried out by using the following 
research methods.

Field research over an enclosed area around the 
villages which will be mentioned below, with the 
objective of working on a reachable surface. In order 
to locate existing laguena examples, it was used for 
an air searching by using the informatic tool Google 
Earth. We found a bibliographic study at the local 
archive of Cartagena where it was possible to find 
reports about repairing works in the dwellings of 
Campo de Cartagena. These houses were solved 
with roofs of laguena which were replaced by new 
constructive techniques. It was looked up bibliog-
raphy concerning to a parallel building system 

1 UBICATION

Campo de Cartagena is a natural region situated in 
the southern region of Murcia. With The Campo 
de Murcia those are extended over a descendant 
plain which is directed to the south and between 
prelitoral mountains of Carrascoy and the litoral 
mountains of La Muela, la Fausilla and Minera 
de Cartagena-La Unión and in the east it is limited 
with the sea of Mar Menor. It is an interior plain 
but with a proximity to Mar Mediterráneo.

It is a territory with dry-mediterranean weather 
with an average rainfall of 300 ml per year in which 
courses of river are not regular, when there is rain-
fall the ravines natural river beds drive the water 
to the coast. The most important ones are Rambla 
del Albujón which separate Campo de Murcia and 
Campo de Cartagena whose mouth is in Los Alcá-
zares (Mar Menor) and Rambla Benipila which is 
the recipient of others less descendant from Sierra 
de la Muela and with mouth in Cartagena.

2 BEGINNING

Campo de Cartagena is a landscape configured 
by the agricultural farming since Roman times. It 
was dedicated principally to cultivations suitable 
for non irrigated lands and specially to the esparto 
grass. Fahs Qartayanna or Fahs Arrabeh as it was 
known Campo de Cartagena by Arabs lifted a ren-
aissance with the recovery of the agriculture.

At that moment alquerías and rahales were the 
agricultural farming systems heirs from old roman 
villas dedicated to the field exploitation and stock-
breeding. Horse raising was usual in that areas 
were was not possible to bring water to them and 
the cultivations of esparto grass continue being a 
dominant element even nowadays (Al-Maqqari)
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knowned as launa which take place in Alpujarra. 
Actually this technique continues being used to 
cover roofs all around that area and shares simi-
larities with laguena of Murcia.

This region whose specific characteristics con-
cerns to orography, agriculture, occupation and 
architecture is located in the extreme southeast 
of Campo de Cartagena and therefore, nearby 
Sierra de la Muela here, we find a territory with 
a different orography and in where flow large 
watercourses. This territory, spreads from the foot-
hills of Peñas Blancas (commence of Sierra de la 
Muela) which remain on the edges west and south, 
until the beginning of the plain with Rambla de 
los Puertos at north side and village of Los Llanos 
at east side. In its extension will be found, hills of 
Cabezo del Moro, Cabezo de los Rodados, Cabezo 
del Lobo, Cabezo Alto and Cabezo del Calderón, 
and also flow along it, el Barranco de Sagena, as 
well as the ravines of Los Jarales, Los Barbastres 
and Perín, which finally conforms the Rambla de 
Benipila. An example of adaptation to this eleva-
tion in the 21th century, is the construction of the 
aqueduct for channel of Taibilla.

All such conditions have let a different rural 
landscape, in which the crops are found on terraces 
and stepped platforms, and where their species 
were traditionally cultivated, which are different 
from those which are in the plain surface. Although 

many species are still of dry land, the presence 
of fruit trees is, which were not extended to the 
plains surface of Campo de Cartagena (predomi-
nant) until the 1980•s thanks to the large hydraulic 
infrastructures which transformed the cultivation 
of rainfed land to irrigation lands. The irrigation 
water is stored in cisterns and deposits from ravines 
or water well and transported through canals and 
irrigation ditch.

The occupation in this area of human beings 
is apparently different. In the plane, humans have 
been founded in concentrated groups, giving occa-
sion to create rural towns of medium and big 
scale, whereas in this area, the human groups have 
been founded more dispersed, finding some areas 
with an increased concentration of families/dwell-
ings, but many of them are small towns, where 
exist groups of one or two isolated dwellings. In 
that way, the parceling is different in this part of 
Campo de Cartagena, people seek small plots and 
correspond to the own families which work on it, 
however, in the plain surface, plots are rented lati-
fundia to families of tenants and farmers.

Dwellings are solved in a different way, follow-
ing a typology pattern which cannot be used in flat 
zones. Constructive systems depend on the place, 
where it is possible to find those materials that 
are needed. Moreover, molinos harineros or those 
which we use to pull out water are really usual in 
Campo de Cartagena, although they are not of 
much importance in the area.

The main towns situated within this framework 
are: Los Fuentes, Los Flores, Los Blases, Perín, Los 
Barrenas, Los Barbastres, Los Jarales, Los Liartes, 
Los Morenos, Los Montoros and La Corona.

4 ARCHITECTURE

Inside the whole architectural patrimony of this 
region with vernacular values, it is important to 
mention some buildings such as flour mills, and 
water extraction mills as well as pigeon houses, but 
in this work the issue is the house, its characteris-
tics and constructive solutions, primarily the roof.

It is common of usage a kind of house general 
all over the studied region. This house consists in 
a scheme of two bays juxtaposed by its longer side 
and a lateral enclosed area. In the first bay there is 
a tripartite space with rooms to the right and left 
sides and hall-salon in the central part with a door to 
the dining room in the second bay. Access door, hall 
and dining room configure a transversal axis with 
branching to the sides. On the other hand of the din-
ing room there kitchen and a the storage room which 
usually are equipped with an exit to the outside.

In some cases the storage room could be com-
partmented into two parts, dedicating one of them 

Figure 1. Campo de Cartagena.

Figure 2. Plot•s comparative.
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to a sink and the other to a laundry place. The 
stable used to be an open and enclosure area par-
tially covered and arranged next to the house, even 
around two of the external walls but never around 
the main façade which worked as an access point 
and lighting for the rooms.

It is relevant to indicate that this façade used 
to be directed to southeast in most of the houses 
except some of them where the topography 
impeded it, in those cases the façade would be fac-
ing the south or southwest.

In the precincts belong to the houses may appear 
isolated elements destined to breeding of domestic 
animals like rabbits and pigs.

Almost all of the houses possess their own water 
supply coming from wells. These wells provided 
enough quantity to irrigate the back gardens, for 
hygiene, to clean the house as well as for human 
use when it was clean waters.

Externally, the dwelling dispose of a thick wall 
of masonry, covered with a mortar layer. Indoors, 
there are three different types of vertical walls. 
The intermediate wall between the two bays is also 
solved with the masonry. The partitions that made 
bedrooms independent, were made from stew 
brick, and, those which separated service areas 
and kitchens, were made with adobes (Fig. 3). The 
recovering in those cases is carried out by covering 
the walls with a layer of earth and above is applied 
a mortar plaster.

5 BUILDING SYSTEMS

Externally, the dwelling dispose of a thick wall of 
masonry, covered with a mortar layer. Indoors, 
there are three different types of vertical walls. 
The intermediate wall between the two bays is also 
solved with the masonry. The partitions that made 
bedrooms independent, were made from stew 
brick, and, those which separated service areas 
and kitchens, were made with adobes (Fig. 3). The 
recovering in those cases is carried out by covering 
the walls with a layer of earth and above is applied 
a mortar plaster.

5.1 Roof of láguena

The cover system of láguena has been identified in 
this whole area, but this does not means that it is 
in other places, this cover could be made following 
the same ways as the ones that will be explained.

The structure is solved through softwood 
beams with a section of 16 × 7 cm which is rested 
on load-bearing wall each 50 cm and with a light 
slope. Originally trunks were used some of which 
still remain in some dwellings (Fig. 11), but at any 
given time, every dwelling renovated their covers 
using squared softwood beams. Over the beams a 
framework of reed rush mat was placed that joined 
together with esparto rope and reinforced among 
them with thicker reeds whose position falls on 

Figure 3. Map of study area with the found traces of láguena (Authors).
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Figure 6. Adobe wall (Authors).

Figure 7. Door•s lintel (Authors).

Figure 8. Rain gutter (Authors).

Figure 4. 1. Hall 2. Bedroom 3. Dining Room 4. 
Kitchen 5. Storage room 6. Sink room 7. Stable building 
systems (Authors).

Figure 5. Windows• lintel (Authors).

the separation between beams (Fig. 12). Over the 
reed is spread a layer of straw and/or dry seaweed 
(Fig. 13), depending on the case of 1…2 cm which is 
useful to cover those small gaps that might remain 
between reeds and receive on it a layer of earth of 

4 cm and over this, the láguena layer of 4…7 cm. 
Once is láguena poured over the cover, it was com-
mon to tread the láguena to compact it, and later 
it was smoothed with water to get a plain and uni-
form surface.
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The encounter of the láguena cover with the 
walls was solved making an overlap over the ending 
of the wall through the coping (Fig. 14) leaning to 
one side of slate slabs that flows over the láguena to 
avoid that the water slides down the walls. In case of 
rainfall, the cover with the light to principal façades, 

Figure 9. Layer of earth (Authors).

Figure 10. Cover of láguena (Authors).

Figure 11. Trunk under láguena cover (Authors).

Figure 12. Reed (Authors).

Figure 13. Layer of seaweed (Authors).

Figure 14. Coping (Authors).
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collects the water and is evacuates it through cylin-
drical canals or semicylindrical of kiln ceramic that 
extends 25 cm with respect to the façade.

Láguena is a material which is eroded away 
gradually and therefore, is required a periodic 
maintenance, thus usually close to every dwelling 
is provided a store of láguena.

6 WHAT IS LÁGUENA?

The word láguena is not included in the Official 
Spanish Dictionary, although it is explained other 
word with similar meaning. •In some parts of 
Andalucía, magnesium clay in grey color which 
mixed with water create an homogeneous imper-
meable paste used to cover roofs and terracesŽ

Launa from La Alpujarra in spite of being a 
very similar material and building solution to the 
láguena is not exactly the same element. The one 
in La Alpujarra it is a blue-grey color magnesium 
clay of slate structure resulting from the rotting 
of clayey slates, while has been found out that the 
láguena from Murcia comes from the phyllites. 
Phyllite is a type of foliated metamorphic rock 
created from slate that is further metamorphosed. 

It is primarily composed of quartz, sericite mica 
and chlorite. It has fine-grained mica flakes in pre-
ferred orientations, whereas slate has extremely 
fine clay flakes that achieve a preferred orienta-
tion. Among foliated metamorphic rocks, it is a 
gradation between slate and schist in the degree of 
metamorphism. Phyllites have a good fissility into 
sheets and the foliation is commonly silky shine 
and a greasy touch in it surface.

In the Region of Murcia, these phyllites used to 
be in grey, blue or violet colors. Inside the frame-
work of study, they located two principal extrac-
tion points with very high quality of láguena. They 
took place in La Corona and El Huerto del Inglés, 
but the appearance of the material is abundant all 
over the surface of the territory.

7 FINAL REMARKS

Because of the constant maintenance necessary 
for this kind covering, the roofing system has been 
developed and renovated the time.

In some cases, they found roofs covered by 
láguena over prefabricated concrete beams and 
with the time they were covered again with asbes-
tos or metal panels over the láguena because of 
the continuous deterioration. In other cases, tra-
ditional flat roofs were directly removed in order 
to build pitched roofs covered with ceramic tiles 
(some of this changes were documented and now 
stocked up in the Archive of Cartagena, being all 
of them from the years between 1950 and 1965).

The amount of all these factors unavoidably had 
headed the technique of láguena roofs toward the 
actual state, where the system is completely in dis-
use and only appreciate in ruin houses.
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ABSTRACT: Although local and natural construction materials are the most used construction mate-
rials around the world, they are rarely considered as a contemporary solution for building in occidental 
countries. Within this context, the amàco project (•building matter workshopŽ) intends to improve the 
general knowledge on natural construction materials through a pedagogical approach. In particular it 
focuses on the construction cycle in its entirety, and notably on the importance of understanding raw 
matter in construction. To do so, the project intends to make visible, in sensory and poetic ways, the physi-
cochemical behavior of the most common natural materials, such as sand, water, earth, wood, straw, etc. 
With an important place for aesthetics, the project develops scientific demonstrations with construction 
material, real scale exercises and an artistic approach. It proposes experimentations on material manipula-
tion that associate senses (sight, hearing, touch, smell, taste) and physical properties.

for a period of eight years up until December 
2019. The project is implemented by Les Grands 
Ateliers with consortium of three architectural and 
engineering schools: the Grenoble National School 
of Architecture (ENSAG), the French Engineer-
ing School of Lyon (INSA de Lyon) and a French 
Engineering School of Paris (ESPCI ParisTech). 
It brings together researchers, engineers, archi-
tects and artists to develop an interdisciplinary 
approach of learning for building (amàco 2011).

1.2 Cooperative learning

Cooperative learning is one of the postulates of the 
amàco project. The project tries to use the diversity 
of participant•s knowledge (physicists, engineers, 
architects, artists, etc) to develop transversal ideas. 
Everyone can swing back forth from the trainer to 
the student position and the trainer doesn•t remain 
the one who knows (sage on the stage) but the guide 
of the group. This capacity to work together allows 
the group to reach exceptional results in terms of 
creativity and innovation.

1.3 Teaching matter instead of material

To teach the physics of matter, amàco established 
five categories corresponding to physical states 
rather than construction characteristics. Materials 
such as wood, concrete, earth or straw are appre-
hended from the same point of view of physics. 
This intends to facilitate the transfer of knowledge 

1 THE AMACO PEDAGOGICAL 
APPROACH

1.1 Reconsidering the construction cycle

Sustainability questions in architecture are often 
dis-cussed exclusively by looking at the intrinsic 
properties of the material used for building. In 
particular, the construction cycle, that includes all 
the steps of construction from material extraction 
up to the erection of cities in a given territory, is 
rarely integrated in its entirety. Nonetheless, this 
cycle can be considered as the basis from which 
all sustainability concepts should originate from. 
Indeed, the solution for worldwide sustainability 
in architecture may not be based on the discovery 
of a synthetic material with exceptional character-
istics, but rather on a rediscovery of the intrinsic 
qualities of a natural material: the intelligence of 
simplicity (Anger & Fontaine 2009) (Fig. 1).

However, the notion of construction cycle is 
rarely taught thoroughly in architectural or engi-
neering schools, mainly because the links between 
territory and matter, and between matter and con-
struction material is missing. The amàco project, 
which stands for •building matter workshopŽ in 
French, proposes to architectural and engineering 
schools a pedagogical approach to teach matter 
and material behavior to include them in the con-
struction cycle (Fig. 2).

For that purpose, the French Ministry for Higher 
Education and Research has granted the project 
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and innovating techniques between various con-
struction materials, from universities to industry, 
see Figure 3. The five categories are as follow:

Granular matter: Mineral grains such as sand, 
gravels and other granular material found in con-
struction material such as in concrete or earth.

Binding matter: matter in the form of mineral 
pastes capable of hardening and agglomerating 
grains or fibers such as in Portland cement, plaster, 

aerial and hydraulic lime, clay, natural cements, 
roman concrete, geopolymers, etc.

Fibrous matter: matter consisting of vegetal fib-
ers, or fibers added to concrete mixtures such as 
wood, straw, bamboo, reed, hemp.

Soft matter: Matter neither liquid nor solid, imple-
mented as a paste, mud, an emulsion or a gel in con-
struction such as fresh cement, lime paste, clay mud, 
polymers, bitumen, paint, coatings and mortars.

Liquid matter: Interactions between water and 
building materials (freezing, thawing, condensa-
tion, evaporation, capillarity, corrosion, etc.).

Based on these five categories, amàco develops fas-
cinating, counterintuitive and sensory experiments 
to explore the properties of matter at the scale of a 
grain of sand, a fiber of hemp, a platelet of clay or a 
drop of water. Through this exploration, the project 
aims to develop an intuitive comprehension of the 
behavior of matter. In a second step, the students are 
asked to apply this intuitive comprehension to the 
issues of construction material conception. For that 
purpose, amàco proposes creative and experimental 
workshops, where the students can work in collec-
tive intelligence and learn by doing. In a last step, 
through practical exercises and the implementation 
of educational construction projects, amàco reveals 
the links between the microstructure of matter and 
structural issues at the scale of the building. After 
going through these pedagogical steps, the future 
professionals should possess all the intellectual tools 
to transform any raw matter from a wide diversity of 
territories into a construction material.

2 UNDERSTANDING MATTER

2.1 Fascinating and counterintuitive experiences

How could earth constructions hold for thousands 
of years? How can a simple blade of grass be the 
structure of a 40-meters long bridge? To clarify the 
intrinsic nature of matter and its physical properties 
(internal mechanisms), amàco bases its pedagogy on 
the development of counterintuitive experiences that 
have been initiated by a program called •Grains de

BâtisseursŽ. A counterintuitive experience is an 
experience that produces an inverse result to what 
was expected intuitively or which interpretation 
goes in the opposite direction of what common 
sense would predict. The aim of such experiences 
is to perturb conceptions and increase the desire 
to learn (Eastes 2002, Eastes & Pellaud 200). Sur-
prise and astonishment are used to acquire, with-
out advanced physical, chemical and mathematical 
knowledge, a general scientific and technologi-
cal knowledge of mater for its use in the fields of 
buildings construction and conservation. Surprise 
and astonishment are thus the amàco•s proposi-
tions to discover matter (Fig. 4).

Figure 2. The amàco project aims at reconsidering all 
of the aspects that determine the construction cycle, 
starting with the land from which raw matter is extracted, 
the production of building materials, components, struc-
tures, buildings, human settlements, and finally address-
ing their integration as part of a given territory (amàco).

Figure 3. The five categories of matter for amàco, 
which refer to different materials, usually separated by 
economic sectors and in formal education (amàco).

Figure 1. The citadel of Bam, in Iran, is an example 
of a construction process considered as cycle: the matter, 
extracted from the territory is used as construction mate-
rial, to build human settlements that are integrated into 
the territory (Iran, CRAterre-ENSAG).
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2.2 Learning with senses

Builders often know if  the material is ready to 
use just by looking at it or touching it. One of the 
important objectives of the amàco project is to inte-
grate this •non-theoreticalŽ information to develop 
student•s multiple intelligences. Through sensory 
exercises, the participants are invited to discover 
how their senses allow them to get information out 
of the material: mineral composition, presence of 
organic matter, salinity, humidity, and even what is 
only understandable through perception of senses.

Sight, as the predominant sense, sometimes hides 
information from other senses. For that reason, 
amàco proposes kinesthetic exercises that hide the 
vision of the participants to focus on feelings given 
by the other senses (Fig. 5). Students• description 
of what they experimented during sensory exercise 
give a lot of information on the behavior of matter: 
•it flows between fingers as if  it was a liquidŽ for 
fine sand (right top), or •it•s like touching a cloudŽ 
(right bottom), for clay. This has to see with the 
intrinsic properties of matter: for instance, granu-
lar matter can be classified by physicists as a solid 
or as a liquid. Kinesthetic exercises help the student 
to understand matter intuitively. They bring him 
closer from the material, making it more familiar.

2.3 Make the invisible visible

We can perceive the differences between various 
materials through their sensorial qualities such 
as color, grain, texture, sound, responsiveness to 
touch, smell, etc. However, if  our senses allowed us 
to •see the heart of matterŽ, we would find a variety 
of shapes and structures much larger than we could 
imagine from the internal structures. In another 
hand, the time scales of some chemical and physical 
processes are too short or too long for the human 
senses to perceive them. By changing this time scale 
we can see unexpected and hidden phenomena gov-
erning the behavior of the matter. amàco offers the 
possibility to approach matter at various space and 
time scales and to make the invisible visible. For that 
purpose, the project uses time-laps, slow down vid-
eos, polarized light, to show, for instance, how mate-
rials •grow olderŽ, how they change in state, etc.

2.4 The aesthetics of matter

To promote the use of local material for construc-
tion, the general public needs to consider it as a right 
solution for building. However, raw materials such 
as earth or straw are considered dirty, weak and 
sometimes archaic. Through art, amàco proposes to 
improve the general opinion on raw matter and to 
show its aesthetics potentialities. The project takes its 
inspiration out of the work of renowned artists that 
work with natural materials. For instance, accord-
ing to Antoni Tàpies, a Catalan painter «Think 
about straw or manure can be important nowadays. 
It relates to meditation on primary matter, nature 
essence, origin and force of life, etc.» (Tàpies 1970). 
For Koichi Kurita, a Japanese artist, «If people say 
earth is dirty, the power of art is to change mind 
about earth beauty» (Arlaud 2007). Within this con-
text, amàco established links with a group of artists, 
•Colectivo TerrónŽ, which develops theatrical shows 
based on the use of raw matter such as sand, clay or 
earth (Fig. 6). These shows are directed towards the 
general audience, from young kids to adults.

Figure 4. Illustration of counterintuitive experiences 
presented by the amàco project. The vibrated sand (left) 
shows magnificent miniature landscapes. When sand is 
poured on water, it forms a column instead of a stalag-
mite (right) (Grains de Bâtisseurs, CRAterre-ENSAG).

Figure 5. Kinesthetic exercises in Les Grands Ateliers 
(Villefontaine, amàco).

Figure 6. Picture of the •Tierra EfimeraŽ show in 
Pflasterspektakel Festival 2011, by the Colectivo Terrón 
(Linz, Stadlbauer).
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3 FROM MATTER TO ARCHITECTURE

Matter is composed of elements of various natures, 
sizes and shapes that are organized together in 
diverse arrangements. Yet, the verb to •constructŽ is 
related to the action of •combining togetherŽ (latin: 
cum-struere). We could thus assume that matter is 
also •constructedŽ. In this way, architecture can 
integrate construction principles at several levels: at 
the level of the matter (atom, pebble, platelet, etc.), 
at the level of the construction material (earth, 
cement, plaster, etc.) and at the level of the elements 
(structure, filled and empty spaces). Construction 
is thus the connection between microstructure 
and structure (Anger, Doat, Durand, Fontaine, 
Houben, Olagnon, Van Damme 2012).

3.1 Learning by doing

Once the students have explored the physical prop-
erties of matter and its behavior, amàco proposes to 
use intuitively this knowledge to transform raw mat-
ter in construction material. With no defined guide-
lines and with access to a broad range of raw matter, 
the participants make their own specific recipes and 
explore their strength, durability and appearance.

3.2 From construction material to structure

To facilitate the link between the intrinsic proper-
ties of the matter with construction, amàco devel-
ops large-scale exercises, and tries to give through 
them answers to vernacular practices often mostly 
driven by social habits than physical facts.

The two examples below illustrate the concept 
of knowledge transfer from the physics of matter 
to the conception of structures.

1. During a full-scale exercise, students built a 
3-meter sand tower with walls of only four cen-
timeters thick (Fig.7). Although the tower weights 

400 kilograms, it stands by itself. As a general rule 
for granular matter, the forces applied to the mate-
rial tend to be redirected towards the edges, and to 
destabilize stacking. To avoid destabilization in the 
sand tower, the students insert horizontal arma-
tures (woven fibers) at regular intervals between 
layers of compacted sand. The armatures create 
an extra network that stops the longitudinal stress. 
Portions of the Great Wall of China are built fol-
lowing this construction system: superposition of 
sand layers and reed layers.

2. Friction between fibers at the micro-scale provides 
a high resistance to traction. When looking at 
a rope or wool, each of the small friction forces 
between each fiber of matter adds up and increases 
the resistance of the material. During a full-scale 
exercise, students build a bridge made exclusively 
of straw. This friction process is also the one used 
in vernacular architecture to construct structures 
with fibers such as bridges in Peru.

4 CONCLUSIONS

Since 2012, amàco has developed its pedagogical 
methodology and tested it in several universities 
under the form of short experimental and creative 
workshops. During the next year, amàco will insert 
its approach in many architectural and engineering 
universities of France and hopes to reach Euro-
pean universities, construction professionals and 
general public. In 2015, the project will propose a 
semester-long course in collaboration with univer-
sity professors of the INSA School of engineers 
of Lyon. After this semester of test, this course 
will be adapted to other universities and architec-
ture schools. amàco will then train teachers that 
will eventually take the lead on the pedagogical 
approach. In the meantime, amàco will keep col-
laborating with research professors and artists to 
remain aware of the latest discoveries in the fields 
of matter science, architecture and art.
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Project proposal for the urban redevelopment of Oia, the sunset town

M. Antonelli, C. Crescenzi & V. Grillo
Università degli Studi di Firenze, DIDA, Firenze, Italia

ABSTRACT: Santorini is one of the study sites proposed by the European project Crhima„CINP, 
(Cultural Rupestrian Heritage in the circum-Mediterranean area. Common Identity, New Perspective) 
financed by Culture Programme 2007…2013. Its purpose is to enhance the cultural area shared by Europe-
ans, the development of cooperation between the creators, actors and cultural institutions of the countries 
participating. Unique landscape for wild territory, anthropic action and geographical location; the persist-
ence of troglodytes systems and of vernacular settlement have made it attractive and appealing. Research 
focused on the small village of Oia. It has a delicate balance; remarkable the anthropic pressure in recent 
years of tourism, in particular at sunset time. Guests come from the entire island and pour on the sidelines 
of the streets that climb the caldera. The project contrasts the individualistic logic of land use, preserves 
social and communitarian use of historic architecture, and proposes the integration of urban places.

of black volcanic sand. The vegetation is low to 
withstand the strong winds coming from the north 
and northwest and to the lack of rainwater.

The island's population, approximately 13,701 
(2001) inhabitants, lies in thirteen major settle-
ments. The volcanic origin of the island and the 
geological transformations have defined a unique 
landscape, tough and hard, that forced the man to 
realize a vernacular heritage and sustainable. The 
absolute aesthetic value of the island, exclusive 
heritage, and its features have to be protected from 
human logic of profit, from overcrowding of sum-
mer tourism, and from neglect for places.

Dry stone walls and terraces, "xerolithies", 
works to protect the territory and landscape, they 
preserved water resources of the area and they 
defended it from erosion by wind and water; the 
abandon and their loss affects the territory and its 
liveability, and undermines the very stability of the 
settlements historicized. The furrows traced by the 
seasonal water perpendicular to the shoreline have 
beds steep and wide (NAMA 1998, v.2, 4), are in 
fact subject to significant wind and water erosion.

2 SETTLEMENT OF OIA

The settlement of Oia, Ia or Apano Meria, is 
located on the headland peninsula and is con-
nected to the rest of the island with only two drive-
ways, one coastal and the other recently excavated 
in the rock on the rampart of the hill; this is the 
main artery that connects the village to the town 
of Fira and at infrastructure nodes such as the port 
and airport.

1 INTRODUCTION

Oia, the town of Sunset, is a village in the north 
of the island of Santorini, lying to the south in 
the Cyclades archipelago. The unmistakable con-
temporary face of Santorini island is given by the 
appearance of its landscape marked by the erosion 
of wind and the wounds of the earthquake, the 
geology of colored rock and humane solutions to 
the particular and contingent local aspects.

Santorini, a place of transit of civilizations and 
peoples, it is surprising for the extraordinary min-
gling of the natural and man-made environment: 
the archetype of the shelter to live in caves, similar 
for type and equipment to those found in many of 
the regions of the Mediterranean; the built essence 
of Mediterranean architecture with vaulted roofs 
and stone extrados, distinct from habitual archi-
tecture of Aegean; archaeological evidence of rich 
and cultured cities as the Minoan city of Akrotiri, 
destroyed by the great eruption of 1500 BC, which 
makes possible to identify the island with the 
mythical Atlantis.

The island of Santorini, or � n�� �� , "Thera", 
is the largest of the islands in the Aegean Sea. It, 
together with the island of Thirasia, has a circu-
lar shape that closes the central islands of Nea 
Kameni and Palia Kameni. The island structure is 
due to the long succession of eruptive and explo-
sive events of the volcano. The caldera, concave 
part of the island, is consists of steep cliffs, almost 
vertical, from 100 to 350 meters high. It shows the 
varied geological and mineralogical composition 
with a thousand different colours. The east coast 
of the island is sweeter and form natural beaches 
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The geography of the peninsula is characterized 
at south by the caldera, on which ridge it develops 
the settlement, while to the north the land slopes 
down to the sea constant.

Oia, during the rule of the Franks was one of 
five fortified •KasteliaŽ that made up the admin-
istration of the island and was ruled by the Vene-
tians. The village prospered from the late ninth 
century to the early twentieth thanks to the pro-
duction and marketing of wine and to trade enter-
tained with the Mediterranean countries.

With the diffusion of steam machinery and the 
movement of investment capital in the port of Piraeus 
in Athens, there was a gradual economic decline of 
the thriving port of Oia and a consequent gradual 
depopulation of the village. Its abandonment caused 
the degradation of the urban and regional structure. 
In 1977 we have reached a historic low with 306 resi-
dents including 16 dedicated to tourism; in 1991 there 
was a slight increase, while in 2001 the village reaches 
3376 inhabitants, largely devoted to tourism.

The urban structure of the settlements on the 
island, which have developed over time, are due to 
the environmental factors, the geographic location 
dominant in the Aegean Sea, and the tumultuous 
historical events that have affected the sea and its 
islands. We distinguish three main groups: fortified 
settlements that develop along radial directions, 
those in linear development, and troglodyte settle-
ments, hypogea and excavated.

The agglomeration of Oia consists of 6 villages 
that exemplify the main settlement types: Ia, the 
district of Perivolas, the rural areas of Finikia and 
Tholos and the two coastal resorts of Amoudi and 
Armeni.

Oia, founded as a fortified settlement, spread out-
side the walls as an excavated settlement on the rock 
wall of the caldera. The first documented sources 
of the settlement of Oia date back to 1480; they 
describe the seventeenth century fortified village 
with a population of 500 individuals, who mostly 
lived in caves. The original settlement was located 
in the northwest of the present town, it was almost 
completely destroyed by earthquakes and today 

remains only the Goulas, the fortified tower of the 
ancient castle built in red and black volcanic stone 
typical of the island. The native stone is the most 
widely used building material, and it provided, over 
the years, an excellent protection against fire.

The homes had a rupestrian nucleus carved into 
the rock. It was intended for the storage of food or 
shelter animals, while the upper floor was used as 
a dwelling. Narrow outside stairs leading from the 
street to the upper floors with vaulted spaces barrel.

In 1750 Oia was a densely built settlement and 
a fortified castel in the northwestern side. The city 
develops linearly along the caldera and then along 
the gorges of Finikia, created by the erosive action 
of seasonal streams.

Along the ridge there are hypogeal homes: from 
the glacis you descend into a courtyard, fitted of 
cistern for collecting water, and usually overlooked 
by a room with a kitchen-oven, a second tank and, 
in depth, one or more rooms. Above the hypogea, at 
the beginning of the twentieth century, the houses 
were built •by the ship-owners.Ž These homes fea-
ture neo-classical elements with influences of the 
Renaissance architectural models reinterpreted 
with local architectural elements such as arches, 
vaults, etc. The figurative elements and structural 
environments are larger than those of traditional 
houses in the other districts, show the health and 
wealth of the owners derived from the flourishing 
trade and their social success.

On the sides of the Caldera have been excavated 
accommodation •of the crewŽ, vernacular archi-
tecture of great plasticity.

Rupestrian buildings characterize the district 
of Perivolas, inhabited by farmers-winegrowers: 
the •kanavaŽ, ancient and modern carved cellars 
developed along the path immediately beneath 
the cultivated land. Perivolas hosts a number of 
recent buildings built after the earthquake of 1956. 
They were the answer to the housing needs of the 
population and at their desire to stay in the places 
of origin. The residential units are similar to that 
designed for Kamari by Greek architect Konstan-
tin Decavalla: a habitation module and replicable 

Figure 1. Aerial view of the extreme northern portion of Santorini•s island (Municipality of Thera).
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quickly constructible. The accommodation is a 
restatement of the vernacular home of the island, is 
composed of two walls with a roof barrel vault with 
a semicircular profile and with two small court-
yards on both sides of the house. Finikia welcomes 
the rupestrian settlements in her sidelines; the main 
road infrastructure of the town is the bed of the 
stream that flows linearly along the small canyon.

The •iposcafoŽ is the vernacular house, a cave 
dug into the steep sides of the valley or of the Cal-
dera, whose outer face is walled with local stone.

The houses are usually small, consisting of two 
or three rooms with barrel-vaulted ceilings.

The two port villages Amoudi and Armeni are 
located on the slopes of the caldera, respectively, on 
the west and south of the castle. Significant protec-
tion works, which extend to the sea, indicate their 
strategic importance for the life of the territory.

The urban landscape of Oia is a wealth of high 
aesthetic value. The masonry elements are built 
with the typical red stone and black, cohesive by a 
mortar with high adhesion strength, rich in kaolin 
and lime. They extend to the outside the cave dwell-
ings by the affixing of built elements. The adhesion 
of the buildings to the ground, which was mani-
fested by the excavation before that with the built, 
imposes the formal reasons of a complex urban 
space. This is inextricably linked to the landscape 
and to the ground without continuity limits. The 
same continuity is felt between public and private 
space, which often coincide.

The roof of a building usually offers a terrace 
to the higher house, public pathways and service to 
homes are intertwined, and courts of buildings also 
act as public moments of rest during the journey 
of the steep paths and stairs that form the mesh of 
connections within the traditional settlements.

3 INTERVENTIONS REDEVELOPMENT 
AND SUSTAINABILITY

The report proposes an abstract of the degree dis-
sertation of M Antonelli and V. Grillo, promoted 
as part of the workshops and training courses 
offered by the EU project CRIMA-CINP with 
the participating countries. The redevelopment of 
the village of Oia, was shared with the head of the 
technical office of Oia, Eng. Konstantinos Vafei-
adis and Arch. Stella Ntakovanou.

The settlement of Oia is subject to protection 
restrictions. Since 1970 the organization O.N.T.H. 
is responsible for the conservation, restoration and 
enhancement of vernacular houses and buildings 
of historic villages. In addition, they were realized 
specific interventions able to restore the vitality of 
urban and infrastructure works that would respond 
to economic development and tourism in the area. 

The works were financed by the public investment 
program of the State and with financing from the 
European Community. Currently the sustainability 
Habitat, initially supported by tourism, is likely to 
be compromised by his development of mass. The 
road infrastructures require a qualitative support 
to the city center and landscaping.

The project presented answers to some of the 
findings raised by the studies and to the demand 
for services and upgrading of the management 
program of Oia. The old and pleasant pedestrian 
street doesn•t present public spaces staging or serv-
ice, except for a small square on the side of a church 
in the central part of the settlement. Along the axis, 
there are four areas to be redeveloped, which could 
accommodate small public facilities, cultural, of 
service and commercial, integrated to spaces of col-
lective pause along the pedestrian path, connecting 
elements between the two main roads and center 
of reference of different urban areas. The facilities, 
with the creation of small volumes underground and 
external volumes, in contrast to the logic of individu-
alistic recently built on the island, denier of the social 
and community attitude of the historic architecture, 
offer appropriate places of pause and aggregation 
along the path, for residents and tourists. They safe-
guard the landscapes, welcome the footpath with 
their gardens and terraces-square, emulating the 
vernacular system of small meeting points trace-
able within the historic city, in plazas and terraces 
along the flanks of the caldera and often located in 
close proximity of churches. The structural system 
and constructive used for buildings proposed is the 
reinforced masonry with filled blocks of lapillo•s 
stone. This native stone, light and resistant to com-
pression, no large vacuoles, allows the hole punching 
of the ashlars in the factory for the production of 
lintels and pillars stiffening in rein„forced concrete. 
This system, with the armor of the horizontal joints, 
improve the resistance to horizontal actions, chang-
ing the behavior of natural stone, otherwise brittle, 
and introducing greater controllability in the behav-
ior in the event of an earthquake.

Square with basement parking. The structure is 
located between the two main roads, one vehicular 
and the other pedestrian, and discovers the land-
scape of the entire island towards the caldera to 
the south, towards the cultivated slopes concluded 
from the sea to the north, and on the summit of the 
low hill of Mavro Vouno to the east. To the west a 
green shield and a masonry wall to protect the pri-
vacy of the young guests asylum. To the east, the 
scenic green ideally approaching the barren hill of 
Mavro Vouno, giving depth to the perceived land-
scape and hiding the structures of poor quality.

The building is proposed as an island in the 
ground, whose cut is exposed as a basic element 
for formal architectural space. The theme of the 
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wall, archetype of the Mediterranean architec-
ture, interprets the limit of the building and of the 
pedestrian path, with a centripetal movement open 
the square to the caldera, defines the entrance 
ramps to the parking lot, the link road and the 
roof garden, finally protects the square from the 
cold north winds, it generates a small courtyard, 
on which overlooks a small restaurant.

The clarity of the architectural external lines, 
in keeping with the traditional architecture, is in 
dichotomy with plastic articulation of the inte-
rior spaces, distinguished by vaulted roofs that 

reinterpret the enveloping character of the exca-
vated interior of the buildings of the island.

The vault, of structural stone, is the paradigm of 
the identity of the place, unique way used for cen-
turies to cover the space of life of the inhabitants 
of Santorini. The arches leading the vaults frame 
the bare rock, whose colors enhanced with oblique 
light, sublimate the material into semantic work of 
art. The natural rock interacts with the rock cut by 
constructing a space evocative of the relationship 
between the built and the natural environment.

The system Square„Cultural center. The struc-
ture is part of a modern urban context, with no 
for- mal figures, poor vitality and little frequented 
by tourists. The area to be redeveloped, which 
degrades from the pedestrian street to the drive-
way, insists the small church of St. George.

Downstream, the front of the building denounces 
the public and social functions and reports the 
accesses to the landscaped path of which, with 
its terraces, up-stream, is an extension. The small 
squares, grassed and paved, tell the colors and 
scents of the island, and the terraces system, valor-
izes the views to the sea.

The hypogea and the rupestrian buildings open-
ing on to a central courtyard which is related with 
thevisual and physical crossings within the district, 
without a change of scale. The courtyard, domi-
nated by the presence of pre-existing church of St. 
George, is the center of distribution of the build-
ing onto which faces the conference room and the 
space for exposures.

This is entirely articulated in negative, the exter-
nal prospects with vaulted arcades blend with the 
internal ones, plastic and wrap, defined by the tec-
tonics of the stone vaults. The only emerging build-
ing is the church with its bell tower and extrados 

Figure 2. Localization of the four interventions within the urban fabric of Oia (Dissertations1)

Figures 3…4. Square with basement parking: plans 
(Dissertations1).

Figure 5. Square with basement parking: section 
(Dissertations1).
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vaults, which are reflected in the pool of water at 
the bottom of the garden of colors.

The square in the old center. The third project 
involves a small space along the pedestrian street 
within the urban fabric of ancient foundation 
densely built. It is located at the junction of two 
ancient roads that climb in neighborhoods carved 
on the sides of the caldera in the west and south 
slopes. The area is home to an abandoned ware-
house and a well dignified invoice.

Its allocation is of strategic importance for the 
management of the flow of tourists exploring the 
city as open space of safety and acceptance in the 
event of sudden seismic event.

The square, raised by a few steps, overlooks the 
caldera and offers an image of the entire island to 
visitors in pause. The new reception area incorpo-
rates the perimeter of the existing and, hiding the 
open space, surprises the visitor with the pano-
ramic square and the Arabic garden. This empha-
sizes the centrality of the well restored and it is 
reinterpreted with the theme of the arbor, typical 
of Mediterranean.

This regular module define the abstract space 
with his mathematical grid, that became real and 
so dear to the inhabitants of the island.

The square theater. This intervention addresses 
the need for a daily mass phenomenon: the partici-
pation of tourists on the island to the event of the 

Figures 6…9. The system Square„Cultural center: ground-to-roof section; plans, longitudinal section 
(Dissertations1).

Figures 10…11. The square in the old center: plan; view 
of the garden (Dissertations1).

natural sunset. From all over the island they flock 
on the side west of the peninsula to participate. In 
fact, this show entails an urban and infrastructural 
burden for a few hours equal to a derby of football 
teams. Take the vehicular traffic access to the city is 
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impossible and thousands of tourists dangerously 
flock the side-lines of alleys and small squares in 
the crossroads.

The project area is located at the end of the 
walkway of the city center, and is the culmination 
of more ancient route of access to the city: the wide 
and winding road that climbs flight of steps from 
the port of Amoudi, who is yet traveled on mule. 
The site offers a natural theater, with its views of 
the sea, on one of the most exciting Mediterranean 
landscapes. On the area of intervention, very run 
down, small buildings abandoned because of the 
earthquake of 1956, persist.

The redevelopment of the lot with the creation 
of footpaths connects the extreme fringes of the 
settlement and recovers access to a small church 
now abandoned. The project trails in pumice, bor-
dered by small containment curbs stone lapilli, 
flank the fragments of dry stone walls remained, 
integrating themselves in the context and solving 
problems of degradation and permeability.

The restructuring and consolidation of vernacu-
lar houses built in the early twentieth requires tech-
nological solutions for the health and enjoyment 
of the buildings. The terraced roofs reproduce the 
mingling of public-private, offering themselves as 
squares integrated in the steep side of the caldera. 

They close as cavea the flight of steps. The configu-
ration of the square theater listen the proposals of 
the landscape and of human intervention retracing 
the sinuous lines of the ancient terraces, repopulated 
with new plantings of native shrubs. The interven-
tion offers a new space to the sustainability of tourist 
demand and at the safety of the society and places.

4 CONCLUSIONS

The study activity has fostered a constructive 
cooperation in the definition of common ideas 
and strategies. The projects presented are focused 
on increasing the overall quality of the city, work-
ing for fragments in a few sensitive points and 
responding to the need for environmental and 
economic sustainability of the intervention. Small 
responses for a holistic approach to the study of the 
area, dealt with the entirety and complexity of its 
needs. A planning process that limits the depletion 
of the area and its attractions and environmental 
peculiarities giving of the possible answers to the 
demands of development required by the citizens. 
Digital models of architectures have been useful to 
analyze the relationship of interior spaces and the 
integration of volumes with outdoor spaces.
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ABSTRACT: The use of perishable materials in domestic architecture in the Roman Period is an 
unknown feature of the Romans settlement in Gallia Cisalpina. A review of the edited excavations has 
collected more than 300 evidences of the use of perishable materials in house building and identified a 
large variety of techniques. The paper analyze the transmission of knowledge in perishable materials con-
struction between the Roman period and the Early medieval period in Northern Italy. In this perspective 
an interpretation of the interaction between native and allogeneic populations would be given. The paper 
ends with a case study about the use of earth in construction in the Cremona district from the Roman 
period to the 19th century.

are the actual Piemonte, Lombardia, Liguria, 
Veneto and Emilia Romagna, which correspond to 
the roman Gallia Cisalpina.

These kind of sources guarantee homogeneity 
in the accuracy of papers, but they don•t give an 
high quality of data that has been deepened case 
by case. The census conducted in Gallia Cisalpina 
on edited excavations revealed 109 evidences of the 
use of perishable materials in Roman construc-
tion. The subsequent step was the development of 
a standard vocabulary in order to isolate the com-
mon technical features of each record. The almost 
endless variety of building techniques that excava-
tions revealed, made compulsory the need to cre-
ate groups of evidences. A classification based on 
groundwork techniques lead to five technological 
groups, in which evidences should be divided.

3 PERISHABLE MATERIALS IN GALLIA 
CISALPINA

In Italy the theories developed in the rest of Europe 
on perishable materials delayed to be assumed, but 
they are now currently accepted and considered in 
almost all excavation reports. Some important syn-
thetic papers on this topic appeared in the first 00 
years (Medici 2000, Bacchetta 2003).

The information shown in this paper are part of 
the results of the Author•s Ph.D. Research program 
titled •Wood and Earth architectures in Northern 
Italy: the transmission of knowledge between the 
Roman Period and the Middle AgesŽ, to be com-
pleted in 2014.

For shortness reason specific examples will not 
be presented here (Antonini 2011, Antonini 2012), 

1 INTRODUCTION

Wood and earth have historically been the first 
rough materials to be used in construction. A 
long tradition of studies (Lugli 1957, Adam 2001) 
considered Romans to be stone and brick build-
ers. And this could not be denied, as most of the 
Roman monuments we are used to visit all over 
Europe are magnificent work of art in stone and 
bricks. But, going down in nowadays excavations, 
a different panorama could be traced. Since 1983, 
when the congress Architectures de terre ed de bois 
(Lasfargues 1985) showed that in France, Switzer-
land, Great Britain and Germany wood and earth 
were used as building materials even in luxurious 
domus, excavations demonstrate that romans were 
good constructors even with perishable materials. 
Actually traces of this phenomenon could be found 
just reading classic authors (De Chazelles 2004).

2 METHODOLOGY

Perishable materials could be defined as organic 
elements like timber or reed, and plastic elements 
like mud, earth or clay.

The archaeological findings considered are 
dated from the 2nd century BC (Romanization) to 
the end of the 4th century AD (late roman period). 
The results of a census which the aim was to focus 
on Romans contribution to building techniques 
in perishable materials (Antonini 2012) are here 
presented. Particularly reference were made on the 
Official Journals of the regional boards of the Ital-
ian Ministry of Culture. The Regions considered 
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and technological groups will only be described in 
the following paragraphs.

3.1 Layers foundations postfast (Group 1)

This group presents layers foundations of sand 
and gravel and postfast walls (Fig. 1). The fillings 
of wall could vary from wooden beams to wattle 
and daub filling. This group is the less attested in 
the census (only 6 records) but all records date at 
the imperial period (1st…4th AD). This foundation 
technique is frequently attested in Northern Italy 
but often without witnesses of the walls and this 
make possible the hypothesis that they could be all 
made of perishable materials (Previato 2012: 176).

3.2 Masonry footing and timber structure 
(group 2)

This group presents foundations in durable materi-
als (stones or bricks) and walls with a timber struc-
ture with wooden uprights inserted in wall through 
holes or on quadrangular buttresses. 30 evidences 
have been recorded dated mostly between 1st 

century BC and the 2nd century AD. They are dif-
fused mostly in the eastern part of the Po valley.

Figure 4. Stone footing with postholes in Col-
legno (Betori 2001).

3.3 Group 3: Masonry footing and earth structure

This group differs from the previous not because 
of foundation system but because of the standing 
structure. In this case earth is used as structural 
part of the wall which supports the weight of the 
entire building. The techniques used in elevation 
were adobe (in 6 evidences) or other not defined 
earth techniques such as bauge, but not pisé, as 
traces of wooden forms for the elevation were not 
found in the foundation walls.

Figure 1. 3D hypothetic reconstruction of a Group 1 
wall (Author).

Figure 2. Photo of a section of layer foundation (Pre-
viato 2012).

Figure 3. 3D hypothetic reconstruction of a Group 2 
wall (Author).

Figure 4. Stone footing with postholes in Collegno 
(Betori 2001).
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3.4 Group 4: Earth fast posts

In this group we found all the building based on a 
earth-fast post structure. Alignments of holes tes-
tify a large variety of building techniques attested 
from the prehistoric times. In Gallia Cisalpina 
Romans used these techniques especially in associ-
ation with vertical or horizontal earth fasten staves, 
but also with wattle and daub techniques. In seven 
cases a ground beam has been used between the 
wooden uprights without a structural function for 
the entire building but only for walls. This group is 
attested in 24 cases mostly in the northern part of 
Po valley (regio X and regio XI). The dating range 
goes regularly from the 2nd century BD to the 4th 
century AD.

3.5 Group 5: Timber framed structure

In this group the foundation system is made by a 
ground beam lying on the ground sometimes on a 

Figure 5. 3D hypothetic reconstruction of a Group 3 
wall (Author).

Figure 6. Earth wall in Rimini, domus del Chirurgo 
(Ortalli 2000).

Figure 7. 3D hypothetic reconstruction of a Group 5 
wall (Author).

Figure 8. Earthfast post building in Chieri (Barello 
2010).

layer of pebbles or tile fragments. Some of these 
evidences show the presence of a timber framed 
structure, with direct joints between the founda-
tion system, the walls and the roof. For the other 
evidences the junction system is not clear. These 
evidences are dated mostly between the 2nd cen-
tury BD and the 1st century BC Some cases still 
exist during the imperial period. Even in this case 
most of the evidences are located in the northern 
part of the Po River.

The individuation of the technological groups 
here described bring the Northern part of Italy 
in strict connection with England (Perring 2002), 
France (De Chazelles 1996), and Germany (Las-
fargues 1985). There are of course some territo-
rial differences due mostly to the availability of 
rough materials and to the ethnological substra-
tum of each country before the roman conquest, 
but Romans learned local building techniques and 
improved them in a new way of building.

This tradition in domestic building, which couldn•t 
be called •of subsistenceŽ because of the use of tech-
nologies that presume a precise production cycle, 
seems not to have disappeared in Northern Italy.
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4 THE TRANSITION BETWEEN THE 
ROMAN PERIOD AND THE MIDDLE 
AGES

As in most part of Europe, even in Italy, with the 
end of the Roman empire, something in the way 
of building, changed. No more huge public build-
ings, and, in domestic architecture, a change in 
the way of living: houses became smaller and less 
articulated (Quiros Castillo 2012), even probably 
in upper classes domestic architecture.

And all around Europe people started building 
mostly in perishable materials. Why? This was prob-
ably the first question that medieval archaeologists 
tried solve since their subject was born. The first and 
most common answer was to blame on barbarians 
population that destroyed the Roman technology.

In Italy this idea was very well established for 
two reason. Firstly because of the monumentality 
of roman sites and their excellent preservation state 
and secondly because the stratigraphic method 

was applied later than in other countries and some 
archaeological evidences were ignored. This hap-
pened for a long time especially with roman per-
ishable building materials. In this situation the 
technological gap between the Roman period and 
the Early Middle Ages seemed to be huge, and this 
allowed the spread of discontinuists theories, that 
are still ongoing nowadays (Ward Perkins 2006).

This situation allowed many archaeologists (and 
historians too) to presume that barbarians gener-
ated a great loss of technology.

But since the end of the 70•s these theories have 
been rejected and the •theory of continunityŽ gain 
popularity (Pohl 2000).

In Italy the problem was faced when the medi-
eval archeology was born, in the middle of the 80•s. 
Since then many scholars studied the way of build-
ing of medieval population (see Brogiolo 1994, Sag-
gioro 2010, Gelichi & Librenti 2010, Fronza 2011, 
Santangeli Valenzani 2011) and some synthesis 
have been made on perishable material buildings.

The theories of Gianpietro Brogiolo and Ric-
cardo Santangeli Valenzani allowed to isolate four 
principal way of building in domestic architecture.

1. post structured houses with post inserted inside 
or alongside walls that could be roman walls 
re-used or new build walls. The phenomenon 
of re-use is too complex to be treated here (see 
Brogiolo 2009)

2. earth-fast post wooden houses
3. so called sunken huts
4. earthen construction on durable walls.

The review of the edited sites in Northern Italy 
partially confirmed this subdivision. For example 
in Northern Italy there is no evidence by now of 
the use of earth as structural element and there 
are instead evidences of the use of timber framed 
structure buildings (Fidenza, see Catarsi Dall•Aglio 
2003, Ferrara, see Gadd & Ward Perkins 1991).

In this perspective it became possible that there was 
a technological continuity with the Roman period in 
the use of the same foundational techniques and in 
the preserved cases even in the upper part of walls.

With the sunset of the so called villa„society the 
way of living varied, especially for upper classes, 
which, in the meanwhile, have changed their way 
of exhibiting power (Lewitt 1991; Whickam 2005). 
The excavation of Mombello (Micheletto 2012) 
showed a group of Longobards, buried with a rich 
funerary supply, but living in houses built with 
perishable materials technologies. That, consider-
ing what said in the previous paragraphs for the 
Roman period, could not be ascribed only to an 
allogeneic building tradition. They were able to 
build with stones, as that group erected a church in 
the VII century, but continued living in perishable 
materials dwellings.

Figure 9. 3D hypothetic reconstruction of a Group 5 
wall (Author).

Figure 10. Timber framed building from Correggio 
(Curina 2007).
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And while stone footing and earth-fast post struc-
tures could be considered a sort of human common 
heritage (Brogiolo 2008), for timber framed build-
ing a precise technique is shown. The joints tenon-
mortice used in the roman period (Correggio, see 
Curina 2007) are very similar to those used in 9th 
and 10th century at Ferrara and Fidenza. This is a 
heritage of knowledge which could not be rustled 
up. The dating line of these building techniques 
(Fig. 11) showed an interruption in the 6th century 
AD. It is not by chance that the spread of these 
techniques in the Middle Ages dates from the end 
of the 9th century, when the political situation was 
stable, and the economy re-started growing. This 
is probably a trace that certain knowledge was not 
forgotten but still kept in mind, or maybe used in 
other situations and not for housing.

5 A CASE OF LONG TERM KNOWLEDGE 
TRANSMISSION: THE USE OF EARTH 
IN ARCHITECTURE IN CREMONA 
DISTRICT

The census of archaeological records in the Roman 
period turned the light on the Cremona area. Two 
of the best preserved archeological sites are situ-
ated here. Calvatone„ Bedriacum it•s a roman vicus 
situated along via Postumia. A large program of 
excavations discovered part of the vicus.

In the so called •domus del LabirintoŽ a deposit 
of mud bricks has been found and connected with a 
domus dated at the 1st century AD (Zenoni 2008).

In the same period in the suburban area of Cre-
mona a rich domus was built with mud bricks.

The Piazza Marconi site is an extraordi-
nary archaeological site where large portions of 
destroyed adobe walls were found, in connection 
with very high level frescoes and mosaics (Pitcher 
& Mariani 2007). In addition to this, earth was 
used even as binder for brick walls in foundation.

Unfortunately during the Middle Ages there 
are no evidence of earth wall in this area (there are 

instead well documented evidences in Central Italy, 
Santangeli Valenzani 2011), but the use of earthen 
mortars still continues. Moreover the conscious 
use of earth in construction is evident in fortifica-
tions, preparation layers for ground beams (Sag-
gioro 2010) and in earth floors.

The use of earthen mortar is diffused without 
interruptions from the XIV century to the XIX 
century even in noble palaces of the historical 
center of Cremona (Grimoldi & Landi 2014; Fieni 
1995).

The earthen mortars were used both in structural 
walls and vaults. This proves how earth was considered 
a good building material by ancient constructors.

Even the walls of mud bricks probably were still in 
use: an important information on this topic is given 
by Alessandro Capra in his treatise La Nuova architet-
tura civile e militare (1717): here is written that the 
dimensions for mud bricks are engraved on the walls 
of the Cremona baptistery. They are still measurable 
today (31 cm long; 15 cm wide) and in an historical 
brick factory, molds with same measures are still 
in use. These news are a proof that the use of mud 
bricks in the Cremona area were very diffused, even 
if there are no survived structures of that period.

Earth historical vernacular constructions dated 
at the 19th century, are still in use today. The adobe 
technique is the most diffused. A recent study of 
an adobe wall in Vho di Piadena demonstrated 
that the chemical and structural characteristics 
of the XIX century adobe are the same of a the 
preparation layer of a floor in the Piazza Marconi 
domus (Bugini et al. 2009: 9).

This mean that in a territory where was more 
difficult to find rough materials as wood and stone, 
people started and continued to use earth. And 
developed specific techniques of selection of the 
clay. For example the type of earth used for mortar 
and the one used for bricks are different, and the 
distinction could be easily made empirically.

Today some tile and brick factories are still oper-
ating in Cremona district but the production of mud 
bricks is no more active. The long term tradition 
underlined in this topic testifies how sustainable 
could be this technique of building. The availability 
of rough materials, surely made this transmission 
possible till nowadays. A pedological and geologi-
cal analysis of the territory demonstrated that really 
nearby Cremona city center there were (and there 
are still) recent alluvial clay deposits very suitable 
for mortars and mud bricks (Fieni 1999).

The economic advantages of a local production 
are evident. The energy efficiency of earth archi-
tecture has been proved, and in antiquity it was a 
common knowledge that the sand of the Po valley 
was not suitable for lime mortar. This is why prob-
ably earth was used even in this way (Grimoldi & 
Landi 2014).

Figure 11. Timeline of ground beam buildings from the 
2nd century BC to the 12th century AD.

Vernacu_Book.indb   65Vernacu_Book.indb   65 7/31/2014   7:38:56 PM7/31/2014   7:38:56 PM



66

Moreover after the recent earthquake in this area 
(between Mantova and Cremona), where earthen 
mortars were used, a diagnostic survey demon-
strated that this kind of binder have a good resist-
ance to shear strength (Grimoldi & Landi 2014).

6 CONCLUSIONS

This research started to demonstrate that from 
Roman Times to the beginning of the XX century 
in construction there is a continuity in the use of 
what landscape offers like wood and earth. Even if  
the context of construction is elevate and if  other 
building techniques are know by craftsman. This is 
probably the result of a transmission of knowledge, 
generation by generation, by people specialized in 
these building techniques. Unfortunately we could 
not recover their names, but the remains of their 
work still live in excavations and built heritage.

Although all these statements, contemporary 
construction enterprises in the area don•t take 
advantage of the tradition and reinforced concrete, 
lime mortar or normal bricks techniques are pre-
ferred. The lesson the history could teach seems to 
be still completely ignored.
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Qualitative criteria for defining the safety analysis of Ottoman 
bath structures

K. Apak
Politecnico di Milano, Milano, Italy

ABSTRACT: Bath structures of the Ottoman period were built in different locations in Anatolia and 
Trace that were exposed to the risk of various seismic magnitudes. Some of these locations were close to the 
north Anatolian active fault while others were far away from the active faults. These structures were con-
structed from stone masonry however each of these structures was built from different materials, dimen-
sions, stones layers and additional joint details. The central theme of this paper is: •were the craftsmen of 
these structures aware of the seismicity and did they construct the walls according to this aspect or not?Ž To 
define the question, a qualitative methodology was used for examining the walls of the bath structures.

… The good quality of the mortar provides some 
resistance to the nature of the wall.

… The resistance of the mortar can become 
important if  it lacks the other parameters of 
the rule of the art able to ensure that the wall is 
monolithic.

… The presence of diatones which pass through 
the whole thickness of the wall.

… The load distribution throughout the whole 
thickness of the wall.

… The stone masonry construction depends on the 
shape of the stones. Not all of the sides of the 
stones are necessary flat enough to be used for 
construction.

… The size of the masonry construction stones 
was essential in defining the larger size resistant 
stones which were well meshed together and dif-
ficult to move.

… The presence of offsets between the vertical 
joints creates a •continues effect• which provides 
a certain tensile strength to the masonry; even if  
the stones are not square.

… Horizontal rows become important during seis-
mic action •Horizontal bricks•.

… Acquisition of specific indicators of vulnerabil-
ity: The index quality of the walls.

… The object of study is the wall panel which is 
considered to be isolated and homogenous 
(Borri 2011).

In this methodology parameters were used to 
identify the wall types according to the qualitative 
analysis. These parameters are listed and clarified 
in the following steps;

Q.M. … Quality of the mortar
P.D. … Presence of diatones

1 DEFINITION OF THE QUALITATIVE 
METHODOLOGY FOR DEFINING 
THE MASONRY WALLS OF BATH 
STRUCTURES

Qualitative methodology for the masonry walls of 
the bath structures in the Ottoman period were 
used for defining the question mentioned in the 
above abstract.

In this methodology, there is an investigation of 
the seismic vulnerability of the building, damage 
altitude and how it harms the quality of structural 
damage. This essentially means simplified methods 
based on observation, degradation and collapse 
put in evidence various structural deficiencies, giv-
ing them a •weight• in qualitative assessment. These 
simplified methods are:

… The acquisition of specific indicators to meas-
ure vulnerability.

… Determination of effectiveness and quality of 
the walls.

… Identification of kinematic chains in the absence 
of signs, indicative of the potential damage 
mechanism.

The scope of this research is; qualitative criteria 
for defining the structural safety analysis of quality 
walls by basic assumption rules.

The basic assumption rules of the 
methodology:

… Ensuring the compactness and stability of the 
wall and the monolithic structure.

… Mortar regulates contact between the stones.
… The masonry wall transmits and distributes the 

loads in a uniform way.
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F.R.E. … Shape of the resistant elements
S.R.E. … Size of the resistant elements
S.V.J. … Stagger vertical joints
P.H.R. … Horizontality of the rows
Q.R.E. … Resistance of the elements

Each parameter is identified by different rules 
of art and gets different values according to these 
parameters. The methodology proposed to estimate 
the quality index of the masonry is based, essen-
tially, on the correlation that was observed in the 
quality index values of walls (IQM) (Borri 2011).

The definition of each parameter with their 
evaluation are defined in the below paragraphs.

1.1 The Quality of Mortar, effective contact 
between elements … (QM)

Respected: Mortar in good condition and well 
maintained, the joint size is not excessive in rela-
tion to the stones or bricks. Mortar joints are large 
and excellent quality. Masonry walls are formed by 
large square elements with a thin layer of mortar. If  
all these specifications are found in the same case, 
it means the quality of the mortar is •respected• 
and there is effective contact between the stones.

Partially respected: The quality of the mortar is 
rated in intermediate level. And mortar joints are 
not excessively eroded. Masonry walls are formed 
with irregular elements. Wedges are inserted into 
the spaces between the stones.

Not respected: The mortar is poor, degraded or 
powdery. The mortar is completely devoid of cohe-
sion. The mortar joints are overly thick in compar-
ison to the stones of the wall. The masonry of the 
porous elements, for instance tuff stone has got poor 
adhesion between the mortar. However, in some cases 
masonry with large squared elements that has thin 
layers of mortar meet this parameter (Borri 2011).

1.2 Presence of cross diatone-meshing … (PD)

Respected: Diatones confer sufficient monolithic 
behavior. The approximate measurement of the 
1 m� wall surfaces is 5 to 6 diatones. The visibility 
on the surface of the masonry wall, LMT (minimal 
path) must be greater than 155 cm.

Partially respected: There are approximately 3 
to 4 diatones in each 1 m� wall surface. The vis-
ibility on the surface of the masonry wall, LMT 
(minimal path) must be between 125 cm to 155 cm. 
The front facing surface of the masonry wall is well 
organized on one side. The thickness of the wall is 
not excessive in relation to the size of the stones. 
This category may include the walls with diatones 
that do not extend from side to side, but are still be 
able to join the masonry wall structure together.

Not respected: Diatones are insufficient in number 
to ensure the monolithic wall stability. Approximate 

indication: in a 1 m� wall surface if there are less than 
three diatones, this wall goes into the category of •not 
respected•. The visibility on the surface of the masonry 
wall, the LMT (minimal path) is less than 125 cm. 
The stones are smaller in dimension compared to the 
thickness of the masonry wall (Borri 2011).

1.3 Form of the element that was 
resisted … (F.R.E.)

Respected: Prevalence of square shaped elements 
or outlined square shapes or square shaped tiles 
which form parallels on both wall faces. Also the 
dominance of the ratio of square shaped elements 
is at least ¾ of the surface of the masonry wall and 
at least ¾ of the thickness of the wall.

Partially respected: The presence of elements 
inside the masonry are irregularly shaped or 
rounded. There are pebbles and blocks of square 
shaped elements or bricks on the masonry walls 
formed with irregular shaped stones or bricks. 
The percentages of pebbles on the wall surface are 
between ¼ and ½. On the thickness of the wall the 
presence of pebbles are between ¼ and ½.

Not respected: The stones which are used on the 
masonry walls are irregularly shaped and rounded. 
The percentages of the pebbles are at least ½ 
according to the wall surface. The pebbles are used 
on both surfaces of the wall (Borri 2011).

1.4 Size of resistant elements … (S.R.E.)

Respected: The masonry wall is composed of 
blocks of stones based on the following dimen-
sions. The prevalent size of the masonry elements 
is greater than 40 cm. In these types of walls the 
blocks are usually so large as to affect the thickness 
of the wall; they function as diatones.

Partially respected: The masonry wall is com-
posed of blocks of stones based on the follow-
ing dimensions. There is a prevalence of elements 
whose size is greater than 20 cm on one side and 
40 cm on the other side.

Not respected: Wall blocks, chips of stone 
and minute dimensions of stones exist inside the 
masonry. Inside the masonry wall there is a general 
prevalence of elements whose largest dimensions is 
below 20 cm (Borri 2011).

1.5 Stagger the vertical joints between the 
meshing in the plan … (S.V.J.)

Respected: Method for quantitative analysis; on 
the wall face the minimum line of the track is 
greater than 160 cm. And method for qualitative 
analysis; the vertical joints generally correspond to 
the central area of the lower masonry element.

Partially respected: Method for quantitative 
analysis; on the surface of the wall the line of the 
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track is between 140 cm and 160 cm. Method for 
qualitative analysis; the vertical joint of the mortar 
is in an intermediate position between the central 
area of the lower element and its edge.

Not respected: Method for quantitative analysis; 
on the surface of the wall the line of the track is below 
140 cm. For a double wall, the line track is lower 
than 140 cm on one side and lower than 160 cm on 
the other side. Method for qualitative analysis; there 
is also an apparent lack of meshing of one or more 
vertical lines of the wall (Borri 2011).

1.6 Presence of horizontal rows … (P.H.R.)

Respected: The staggering of the horizontal rows 
mostly affects the width of the wall. In this cate-
gory masonry horizontal rows are lined up without 
interrupting the continuity of the rows and they are 
present on both faces of the wall. Horizontal row 
intervals are less than 60 cm.Partially respected: 
The diffusion of the horizontal rows length is 
approximately less than ¾ of the entire width of 
the wall. Not respected: The horizontal rows are 
continually interrupted or do not have clear offsets 
throughout the entire masonry wall (Borri 2011).

1.7 Quality resistant elements … (Q.R.E.)

Respected: Stones are not degraded or only slightly 
degraded. The masonry has approximately less 
than 10% of the elements degraded. Masonry ele-
ments are of hard tuff  (volcanic). Brick elements 
with holes are approximately less than 45%.

Partially respected: The degraded masonry ele-
ments are approximately between 10% and 50% 
relatively to total elements on the wall surface. 
Brick elements have been drilled between 45% and 
70%. In addition the masonry walls are composed 
of soft tuff  (limestone).

Not respected: A total of 50% of the elements 
are damaged. For the brick elements the drilling 
percentage is lower than 70%. Also the masonry 
walls are composed of mud bricks or unbaked clay. 
In general, the elements are clearly unable to resist 
any form of stress (Borri 2011).

Determination of the scores and their contribu-
tion to the masonry wall categories are done with 
the use of Table 1 and Table 2. The main require-
ments for evaluating the quality of the walls are:

… The possibility of separate evaluations based 
on the type of action that enforces the masonry 
structure. The schematic descriptions of these 
actions are shown in (Fig. 1, 2 and 3).

… Analysis of the requirements of the method-
ology will have differing weights depending 
on the action causing stress on the wall and 
depending on the presence of other equivalent 
requirements.

Figure 1. Vertical action (Borri 2011).

Table 2. Type of action on a plane surface and the 
IQM ratios related to the category of the masonry (Borri 
2011).

Type of Action

Category of the Masonry

C B A

Vertical Action 0 � IQ < 2,5 2,5 � IQ 5 5 � IQ � 10
Out of plane action 0 � IQ � 4 4 < IQ < 7 7 � IQ � 10
In plane action 0 � IQ < 3 3 < IQ < 5 5 � IQ � 10

Table 1. Type of action on a plane surface with the 
coefficient parameters (Borri 2011).

Vertical action
Out of plane 
action In plane action

N R P R R N R P R R N R P R R

PD 0 1 1 0 1,5 3 0 1 2
QM 0 0,5 2 0 0,5 1 0 1 2
FRE 0 1,5 3 0 1 2 0 1 2
SVJ 0 0,5 1 0 0,5 1 0 1 2
QRE 0,3 0,7 1 0,5 0,7 1 0,3 0,7 1
PHR 0 1 2 0 1 2 0 0.5 1
SRE 0 0,5 1 0 0,5 1 0 0,5 1

Figure 2. In plane 
action (Borri 2011).

Figure 3. Out of plane action 
(Borri 2011).

… The final result is expressed by a •category• 
belonging to wall type •A, B or C•.

… Ease of application and intuitiveness of the 
proceedings.

… Possibility of being modified and adapted to 
wall typologies not covered in this phase.
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… Calibration and tests carried out in large num-
bers. The proposed methodology called the 
•Method of scoring• requires an assessment of 
the degree of respect.

… For each parameter of the rule of methodology; 
the end result is a •Quality index wall• (IQM) for 
each of the three stress actions considered.

There are three possible categories:

… Category A, which corresponds to the good 
quality and stability of the masonry.

… Category B, which corresponds to the average 
quality of the masonry.

… Category C, which corresponds to the insuffi-
cient quality of the masonry (Borri 2011).

2 CASE STUDIES: OTTOMAN BATH 
STRUCTURES IN TWO DIFFERENT 
CITIES IN ANATOLIA

The eight case studies of the bath structures were 
selected in Edirne, �znik (Nicaea) and Bilecik city. 
However only two case studies are shown in this 
paper. The results of the other cases are compared 
in the conclusion. They were compared according 
to the outcome of the qualitative methodology and 
examined to give a reasonable conclusion to the 
question of the research.

2.1 Edirne City„Beylerbeyi Bath (1428…1429) 
(Ayverdi 1989)

Edirne city is located in Thrace which is exposed 
to the effect of low seismic activity. The Beyler-
beyi bath is located in the center of the city. In 
Beylerbeyi Bey Bath: The masonry stone structure 
was composed of roughly squared stone flakes, 
horizontal and vertical bricks layered with peb-
bles. There were openings for timber tie beams 
connected inside the masonry stone walls. In the 
sections of the masonry walls small pebbles and 
stones could be seen. The wall surface was three 
layered; it was •respectedŽ due to the horizontal-
ity of the rows and the staggering of the vertical 
joints. Diatone stones are not used inside of the 
masonry stone wall structure (Fig. 4).

In Beylerbeyi bath, the approximations of 
the stone dimensions of the masonry were; 
X = 30.7 cm Y = 27.5 cm/Z = 33.5 cm…17 cm…9 cm
. The types of stone materials were limestone with 
a mixture of sand, clay and microfossils which 
were extracted from the Pšnarhisar mine in Turkey 
(Fig. 5) (Erguvanlš, Sayar, 1954).

The minimal path (LMT) between the masonry 
structure was valued in respect to the elevation 
plane and the section plane and was divided in 
two paths. In elevation (Fig. 6); LMT1:146,3 cm 

Figure 4. Photographic details of masonry wall struc-
tures of Beylerbeyi bath„Edirne.

Figure 5. Stone sample, Beylerbeyi bath (Borri 2011).

Table 3. Index of quality of masonry walls in Beyler-
beyi bath structure.
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Figure 6. Two paths of eleva-
tion (Authors).

Figure 7. Two paths of 
the section. (Authors).

Figure 8. Photographic details of masonry wall struc-
tures of Süleymanpa�a Bath„Bilecik (Authors).

and LMT2:143,5 cm. In section (Fig. 7); 
LMT1:158,7 cm and LMT2:172,4 cm.

2.2 Bilecik City„Süleymanpa�a Bath (1281…
1362) (Ayverdi 1989)

Bilecik city is located in the Marmara region in 
the north-west part of Anatolia which is under the 
effect of medium seismic activity according to the 
other case studies.

In Süleymanpa�a Bath: the masonry stone struc-
ture was composed of various sizes and irregular 
shapes of stones. There was no proof that a timber 
tie beam connection existed inside the masonry 
stone walls. On the sections of the masonry wall 
small pebbles and stones could be seen. The wall 
structure was chaotic, it was not •respectedŽ to the 
horizontality of the rows or the offsetting of the 
vertical joints. Diatone stones are not used inside 
of the masonry stone wall structure. There was an 
effort for horizontal linearity (Fig. 8).

In Süleymanpa�a bath, the approximation of the 
stone dimensions of the masonry were; X = 8.7 cm
…43.9 cm/Y = 7.1 cm…26.6 cm/Z = 10.5 cm…27.1 cm. 
The types of stone materials were typical sand stone 
with large particles. Beside these quartz and feldspar 
minerals are seen (Fig. 9) (Erguvanlš, Sayar, 1954).

Figure 9. Stone sample Süleymanpa�a bath (Authors).

The minimal path (LMT) between the masonry 
structure was valued in the elevation plane and the 
section plane and divided in two paths. In elevation 
(Fig. 10); LMT1:123,1 cm and LMT2:148,8 cm. 
In section (Fig.11); LMT1:166,1 cm and LMT2: 
143,9 cm.

Table 4. Index of quality of masonry walls in 
Süleymanpa�a bath structure.
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3 CONCLUSION

The case studies are masonry stone bath structures 
which are situated in different locations with differ-
ent seismic magnitudes and different wall construc-
tion types. To investigate the ancient precautions 
for the seismic construction techniques of these 
structures; they were analyzed by the methodology 
that pointed out their specifications according to 
quality and quantity analysis.

The assumption of this part of the methodol-
ogy is clarified by combining the locations, seismic 
magnitudes of the locations and IQM-numerical 
values of the masonry wall structures of the case 
studies. Eight more case studies were investigated 
using this methodology and their evaluations 
according to the methodology are listed below;

… Süleymanpa�a Bath, located in Bilecik city in 
the secondary seismic area gets •C-C-C• from the 
quality index in three different loading actions.

… Emirler Bath, located in Bilecik city in the sec-
ondary seismic area gets •C-C-C• from the qual-
ity index in three different loading actions.

… �smail Bey Bath, located in �znik city in the first 
seismic area gets •C-C-C• from the quality index 
in three different loading actions.

… Gazi Mihal Bath, located in Edirne city in the 
third seismic area gets •B-C-B• from the quality 
index in three different loading actions.

… Beylerbeyi Bath, located in Edirne city in the 
third seismic area gets •A-B-B• from the quality 
index in three different loading actions.

… Yeniçeri Bath, located in Edirne city in the third 
seismic area gets •B-C-B• from the quality index 
in three different loading actions.

… Ke�an Bath, located in peripheries of Edirne 
city in the secondary seismic area gets •B-C-C• 
from the quality index in three different loading 
actions.

… Havsa Sokullu Bath, located in the peripher-
ies of Edirne city in the third seismic area gets 
•A-B-B• from the quality index in three different 
loading actions.

From all these results it could be said that, they 
may have had awareness of construction precau-
tions because of the building details and the IQM 
quality index. However it could also be said that, 
there was no awareness of the differences in the 
seismic magnitudes of the cities and locations. 
Therefore construction details could not be shaped 
according to the seismic locations. Edirne is the low-
est seismic area however the Bath structures IQM 
quality index is the highest in comparison with the 
other cities. �znik is the highest seismic area however 
the Bath structure IQM quality index is the lowest 
one. Bilecik and Ke�an are in the middle seismic 
area however the IQM quality index of the baths in 
these locations is lower than Edirne•s baths.

The assumption of the research is not con-
cluded by the application of the IQM quality 
index. However the collapse mechanism scenario 
of the structure could give some different clues 
about their resistance to seismic activities. In addi-
tion, analyzing the history of these periods exposes 
some issues that provide an acceptable reason for 
these results.
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The habitat of transhumant shepherds at Mgoun Valley, 
High Atlas (Morocco)
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ABSTRACT: Mgoun Valley, located at the southern hillside of Moroccan High Atlas, shows an arid 
and steep landscape, which is strongly anthropized. The territory was originally inhabited by Berber 
nomadic tribes, who did progressively become sedentary. Nowadays, even though in a regressive way, 
nomadic activity and transhumance still continue as a way of living. During the summer time, at the val-
ley•s highest levels, they temporarily occupy permanent community constructions, called izghane, as well 
as other structures. This study is mainly focused on these habits and constructions of this ancient culture 
which has great anthropological and architectural values and a very practical conception of sustainability 
as a preliminary mechanism for its conservation and enhancement. This culture, however, faces now the 
risk of disappearing.

2 NOMADIC HABITAT

2.1 Location and geographical context of the pre-
Saharan Mgoun Valley

The area of study is located at the southern hillside 
of Moroccan High Atlas, a mountain range which 
represents a natural barrier between the Mediter-
ranean region and the Sahara desert.

Mgoun Valley extends along the Oued Mgoun 
basin and its tributaries, it leads to the Oued Dades 
and it belongs to a group of valleys (Dades, Draa, 
Todra, etc.) which live throughout the year on the 
ice waters coming from the peaks of Moroccan 
High Atlas.

This territory consists of a complex system of 
huge overlapping hill ranges which create large val-
leys inside at a high altitude. In a territory charac-
terized as an arid land, the productive agricultural 
areas are specifically located at the fertile surfaces 
close to the oases, next to the rivers.

2.2 Nomadic origin and sedentary habitat 
development

Originally, this fertile and rich territory was inhab-
ited by Berber nomadic shepherds, who did pro-
gressively become sedentary and settled next to 
the rivers, because of the gradual impoverishment 
of the land. They concentrated the human settle-
ments around these fertile areas, where agricultural 
activity was consequently developed.

During the tribal reorganization process, the most 
peaceful families moved to the upper parts of the val-
ley and continued their traditional nomadic life as 

1 THE NEED OF STUDYING A 
TRANSFORMING TERRITORY

The territories inhabited by transhumant tribes 
from Moroccan High Atlas are nowadays fac-
ing a really delicate situation, since they are on 
the verge of  a final historical decline. This would 
mean the irremediable loss of  an ancestral way of 
life. This document is based on a deep study of 
this traditional habitat which has a great cultural, 
ethnical, architectural and natural wealth, and 
is suffering a fast transformation process at the 
present time.

This forced development is mainly due to the 
new requirements of an increasing tourism, as well 
as the entry of foreign capital from emigration and 
the introduction of globalized patterns and crite-
ria which do not consider the characteristics and 
peculiarities of this particular area. The new situ-
ation is causing the loss of their traditional values, 
customs and habits.

Our research article is based on this complex 
context of change, focusing mainly on the habitat 
of a group who is particularly subject to possible 
changes in their environment: the transhumant 
shepherds from the valley. Their ancestral activity 
is connected to their ecosystem and it represents 
the origin of the first settlers of this territory; this 
activity is now decreasing, due to the fact that tribal 
groups are becoming sedentary, and therefore is at 
risk of disappearing.
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shepherds at the high mountain meadows, around 
2500…3500 m altitude. At the present time, most of 
the permanent constructions used seasonally by 
nomads are concentrated at these high levels. Besides 
natural caves and folds, the izghane are specially inter-
esting structures which are temporarily occupied by 
transhumant families at summer time. This study will 
mainly focus on these habits and constructions.

At the lower levels of the valley, although fewer, 
we can also find these constructions, made by 
agriculturists to attract passing nomads and their 
herds, using these places to collect manure from 
their animals and use it to fertilize their fields. 
Nomads usually pass through these areas during 
their annual journey.

2.3 Territory

The territory which includes nomadic shepherd•s 
activity in this region is very large, extending from 
Mgoun Valley•s high peaks to the Jbel Saghro 
sub„Saharan massif  at the South, covering an 
extension of approximately one hundred kilom-
eters between both. The altitude in these areas var-
ies from 3500 m at the peaks close to Ighil Mgoun 
to 1300 m at Dräa Valley•s plains, what gives us an 
idea of the environmental diversity and the logisti-
cal difficulty of the transhumant itinerary.

The life cycle of this population is determined by 
the harshness of the weather and the availability of 
grass, so they need to move according to the seasons, 
looking for appropriate places for their livestock.

During summer time, the family groups shepherd 
along the highest parts of the valley. While this task 
takes place, they temporarily occupy the available 
permanent constructions, as well as the tents.

By the end of the summer they begin to descend 
from the valley heading to villages close to the river 
mid-point and during the coldest weeks of the win-
ter they temporarily stay at their relatives•s houses. 
During this short stay, the members of the family 
have the chance to receive medical assistance and 
the children can attend school.

After this period, the group moves back to the 
South, sometimes using a van as a conveyance to 
cover the long distance which separates them from 
Jbel Saghro, where they will spend the rest of the 
winter and spring. This way they benefit from 
nicer temperatures and the rainy period which will 
provide some temporary vegetation characteristic 
from the sub-desert environment that they will use 
as grass for the livestock.

2.4 Nomadic organization, habits and activities

The Berber population is organized within a seg-
mented tribal system, arranged in levels of increas-
ing scale. Thereby, the villages (duares) are included 
in subdivisions (moudas), which belong to other 

subdivisions (taqbilts), these belonging to the tribe. 
(Domínguez 2005). We should also mention a very 
important subgroup, the family unit, which is the 
cornerstone of their society.

This unit is ruled by a patriarchal hierarchy sys-
tem inside large families, with one or more than 
one married son, with or without descendants, 
where very often uncles, aunts, cousins and other 
relatives live all together sharing the same house 
and keeping the same rhythm in their journeys.

Nomadic shepherds form family groups who 
practice transhumance as their way of living, they 
don•t own houses and their income comes exclu-
sively from stockbreeding, what means that their 
economy is totally based on subsistence.

During their trips these groups seek to stay 
close to rivers and natural water sources, since this 
element becomes essential for both humans and 
animals, for consumption and for other needs. Fre-
quently these water sources are far away, so they 
have to travel using a mule or a dromedary to have 
access to this resource.

As for the daily work, women•s main task is 
housework. Men•s main activity is taking care of 
the animals, moving in search of pastures around 
the tribe settlement. Children help adults in their 
activities, since they don•t attend school due to 
their nomadic lifestyle.

2.5 Agdal, community habitat concept

This type of nomadic life is part of an ancient cul-
ture which appreciates the respect for the environ-
ment, a high degree of sustainability and efficiency 
and a responsible consumption of the natural 
resources of the surrounding lands.

Regarding this, it•s important to emphasize the 
practice of the agdal, which consist of a sustain-
able exploitation of the resources, like the pastures. 
This practice, which respects the environment, is 
a custom agreed among all nomadic groups and 
the jmâa, and consists of a system to regulate the 
pastures areas for each family, the specific open-
ing and closing dates, and the periods of no use, to 
allow land regeneration; this also benefits the eco-
system conservation and avoids land•s overexploi-
tation. All these practices contribute significantly 
to the social connection for the managing of the 
village•s subsistence natural resources, and it also 
strengthens coexistence, increasing the sense of 
group among the tribes (Auclair 2003).

3 HOUSING AND CONSTRUCTION 
DEVELOPMENT

During their journeys, nomadic family groups 
use two main types of domestic spaces: the izghi 
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(refuge) used during the long seasonal periods, and 
the takhamt (tent) (Fig. 1) used when they travel 
among different geographical zones, especially 
when there are no available izghane at the area or 
when these are occupied by other families. These 
shelters are very linked to the transhumance•s 
processes, and that is why the spaces are suitable 
for both the families and their herds.

3.1 Takhamt (tents)

During the months in which migration takes place, 
the families walk the territory through the tradi-
tional itineraries, using the available refuges. How-
ever, they can•t always have access to these shelters, 
and therefore they carry at their luggage one or 
several removable tents, depending on the size of 
the family group.

Mules and camels are used to carry people and 
other household goods. These animals offer a great 
adaptability at narrow and steep areas such as 
Mgoun•s high levels and gorges. Shepherds always 
try to reduce the load structure and weight to the 
minimum. To build the tents they set a rectangu-
lar space and place a single wooden pillar at the 
center. Around it they place a number of perimeter 
uprights, to shape the living space.

The covering system consist of a stretched can-
vas made of wool, leather or reeds, whose fibers 
provide a breathable and slightly watertight cover, 
giving the set a bioclimatic nature, being also wind-
proof, because of the warped volume of the cloths 
(Oliver 1975).

In order to obtain ground insulation they place 
several thick woolen carpets woven with vivid 
colors, which represent the family social status and 
are also an identity sign.

Nowadays, within the social development proc-
ess which takes place at Mgoun territory, traditional 
materials and techniques used for the construction 
of the takhamt are progressively being abandoned, 
mainly in order to reduce weight and to get a faster 
settling process.

The wood of these structures is replaced by steel 
pipes, and the woolen canvas are replaced by syn-
thetic fabrics and plastic sheets which are lighter 
and provide a better waterproof protection, though 
they are less breathable and resistant.

Therefore, their historical customs are being 
seriously threatened due to the increased use of 
both hybrid or fully prefabricated materials, which 
they use mainly because they provide an easier way 
of assembly and carrying. Although these new 
practices are no longer linked to their traditional 
settling system.

3.2 Izghi (refuge)

The izghane (plural of izghi) are permanent struc-
tures, which are also used as temporary settle-
ments, since they are occupied by nomads during 
the summer sedentary period.

In accordance with the agdal•s community con-
cepts, these shelters are not submitted to private prop-
erty regulation, instead they are generously built by 
families to benefit other family groups who use them 
when needed. Therefore, one family will not neces-
sarily occupy the same izghi during the consecutive 
seasons; for each occasion they will use the available 
empty structures which meet their space needs.

The izghane are usually built at the valleys• slopes, 
next to rivers or natural water sources, headed to 
the south, and taking advantage of the gradient to 
protect the structure against wind, rain and a pos-
sible accumulation of snow. They are usually built 
half-buried at the slope, which provides a higher 
protection (Fig. 2).

The size and structural design of these construc-
tions is varied. The set is usually formed by adding 
new frames and rooms without a preset pattern, 

Figure 1. Group of takhamt (tents) made of modern 
fabrics (Lógicas locales).

Figure 2. Izghi attached to slope (Mateos Delgado).
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just according to the needs of the family who lives 
in them. The structure is continuously developing, 
because over time is occupied by a dozen different 
groups who will be doing changes on the set.

Depending on the extension of the compart-
ments we can distinguish two main kinds of spaces: 
rooms and sheds.

These spaces, however, have different uses: some-
times the sheds will be used to keep the livestock, 
and sometimes, when the family group is too large, 
family members will use them as a resting place.

This local architecture uses the natural resources 
available at the environment: dry stones used to 
build the walls, juniper wood used as pillars and 
beams and brooms to cover the roof, using also an 
earthen coating to make it waterproof. It•s a very 
basic and rustic construction which consists of a 
single building almost completely closed to the out-
side, with very few openings, apart from the entry 
and some little holes made on the roof to evacuate 
the household fumes (Fig. 4). Despite the harsh 
weather conditions, these constructions don•t have 
a joinery structure as a guarantee of safety.

The technological structure is based on stone 
bearing walls, which they build dry or using 
earthen mortar; over these walls they place a frame 
of main wooden beams set in an unidirectional 
way. The size of these beams is variable depending 
on the available resources. Pieces of approximately 
7…10 cm diameter can be suitable, since the distance 
between the walls is usually small. On top of these 
ones, they set another structure of minor thinner 
beams, placed across. These will hold a big amount 
of smaller sticks and brooms, which will create the 
covering surface, coating and insulating the set. To 
finish the roof they use earthen mortar, straw and 
sand, what gives the structure some waterproof, 

Figure 3. Free-standing Izghi (Mateos Delgado).

Figure 5. Free-standing Izghi (Asencio Juncal).

Figure 4. Izghi inside (Asencio Juncal).
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letting the water runoff  over the covering planes 
toward the edges; small eaves made of branches 
and straw are placed over these edges.

Untreated juniper branches of small size are 
used as beams, and therefore is usual to see a large 
number of juniper wood pillars placed to hold the 
weight produced by the roof load. During long 
periods of time these pillars will hold not only the 
structure•s weight but the weight of big amounts 
of snow which accumulate on the roof. This way, 
we can see a network of posts placed randomly, 
following no organizational patterns, except for the 
aforementioned. A wooden piece of approximately 
30 cm is horizontally placed at the top of these pil-
lars as a chapiter to lay the beams.

Sometimes, most of the rooms have small holes 
of around 15 cm diameter at the ceiling, to allow 
air circulation and to let out the fumes from the 
cooking fires. This gives us an idea of how all 
these rooms can be used simultaneously, and can 
occasionally host different family subgroups at the 
same time, allowing some independence.

When not occupied by nomads, the izghane near 
agricultural cultivation areas are used as a source 
of manure for the crops, what completes the pas-
tures-stockbreeding productive cycle.

3.3 Afergane (sheepfolds) and ifrane (caves)

The afergane or sheepfolds and the ifrane or caves 
are another architectural resources frequently used 
by transhumant tribes.

The afergane are simple fenced areas in circle 
shapes built with stones, to keep animals inside. 
We usually find them next to the takhamt (tent), or 
attached to the izghi (Figs. 3 and 5) and sometimes 

even attached to the ifrane. When built next to the 
takhamt the afergane are placed one next to the 
other creating a bunch, or forming what transhu-
mant shepherds commonly call •Imaghrann tang-
hourteŽ, which means •dispersed over the spaceŽ.

The use of caves or ifrane as habitats is known in 
this region from time immemorial. It•s a resource 
used not only by transhumant shepherds and their 
livestock, but also by poor sedentary families (Aït 
Hamza 2002).

4 ANALISYS OF THE CURRENT 
SITUATION AND FUTURE PROSPECTS

The region is submitted to a transformation process, 
very linked to the government developmental projects 
that threaten its natural and cultural wealth, and also 
affect the agdal•s traditional systems which regulate 
the community access to silvopastoral resources. 
Throughout 20th century, we observe a gradual 
transformation of the high lands surfaces, changing 
from a communal property to a group of half-col-
lective cultures (bour), sometimes private, practicing 
both transhumant and sedentary activities.

The causes creating these changes are complex 
and varied, mentioning, among other, the demo-
graphic growth, the climate change, the telecommu-
nication progress and the increasing individualism. 
The deterioration of the collective management pat-
tern threatens the bases of the agdal•s practice, which 
consequently brings the risk of losing its inherent 
values, such as economic, juridical, biological, ethi-
cal and religious (Bourbouze 1987). With this proc-
ess, the capitalization of the resources tends to be 
concentrated in a small number or persons, forcing 

Figure 6. Free-standing Izghi. (Asencio Juncal).
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many families to search for alternative resources 
based on emigration or tourist exploitation, what 
means the desertion of the original villages and the 
distortion of their architectural identity.

In the words of López-Osorio (2012): •the 
critical analysis of these phenomena intends to 
show that only sustainable transformation crite-
ria referred to the traditional architecture and a 
proper managing of the territory will be able to 
guarantee the preservation of an habitat which 
has an unquestionable landscape value and whose 
conservation can be the basis for the region•s social 
and economical developmentŽ.

Therefore, in this context, the ancient and endan-
gered agdal•s system regains interest, since it repre-
sents a way of interpreting and understanding this 
complex individual-society-nature system, which 
includes shepherding, coexistence and biodiver-
sity and is also a strategy to keep and preserve the 
human and natural landscape at Mgoun territory.

NOTE

This paper presents part of the results of the research 
project: Landscape and Patrimony in Southern 
Morocco: A Proposal for the Development of 
Responsible Tourism (Paisaje y Patrimonio en el Sur 
de Marruecos: Propuesta para el desarrollo de mod-
elos de turismo responsable, AP/050921/11), carried 
out by Lógicas Locales, a Cooperation Group of 
the Higher School of Architecture of the Univer-
sity of Málaga, Spain. The research has received the 
support of the Spanish Agency for International 
Cooperation and Development (AECID) and the 
Office of International Relations and Cooperation 
of the University of Málaga, in partnership with the 
Andalusian Agency for International Cooperation 
and Development (AACID). The following institu-
tions have also participated in the project: National 
School of Architecture of Rabat, Morocco; Univer-
sity of Granada; Politechnic University of Valencia; 
and the Morocca Ministry of Culture.
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The construction project of the Moklen ethnic house, Sea Gypsy 
architecture in Southern Thailand
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Graduate School of Global Environmental Studies, Kyoto University, Kyoto, Japan

ABSTRACT: The Moklen are an ethnic minority in Southern Thailand, known as Sea Gypsies. The 
Tsunami in the Indian Ocean in 2004 affected their houses which are now being transformed by mod-
ernization. Moklen ethnic houses are fast disappearing. The construction project shows the indigenous 
knowledge of the Moklen towards natural resources, rituals, and concepts, including the structural char-
acteristics of construction. In particular, body-based units of measurement are an important part of 
building knowledge and technique in design methodology and construction. This research reveals local 
resources and classification units to understand the nature of vernacular architecture. Research in Tubpla 
village shows 10 units of measurement with 4 units used in the basic construction and application of units 
in components, including the significant traditional proportions in floor and height planning.

With the support of the village leader, a newly built 
house is built by cooperation of the elder Moklen 
and skilled villagers. The construction of a tradi-
tional Moklen house preserves the cultural aspect 
of a Moklen ethnic house still further.

The project started at the end of February and 
finished in the middle of March 2014. The con-
struction process was recorded thoroughly with 
a video camera, including interviews with the vil-
lagers to gain local knowledge of a Moklen house 
and its construction. In addition, the survey of 
the Moklen houses in surrounded areas provided 
information to support the study.

3 A MOKLEN ETHNIC HOUSE

3.1 Tubpla Moklen Village

The Tubpla community has a current population 
of around 900, of which, more than 80% are Mok-
len (Fig. 1). The Tsunami in the Indian Ocean in 
2004 caused the deaths of seven Tubpla villagers. 
Several vessels were shipwrecked, and equipment 
and livelihoods were destroyed. However, although 
the community•s houses were not damaged by the 
Tsunami but because of the much loss and damage, 
the organizations provided the aid to the affected 
community, and in particular the Rotary Founda-
tion provided new two-story prefabricated houses; 
permanent blockhouses replaced the traditional 
Moklen houses (Chuchart 2014). Modernization 
also had an impact by changing the appearance of 
the Moklen house.

1 INTRODUCTION

The Moklen are an ethnic minority in Southern 
Thailand, known as Sea Gypsies. In the past, they 
had a nomadic lifestyle on the sea and made a tem-
porary housing in the monsoon season. They then 
gradually settled on coastal land with mangroves to 
develop their own housing style. There are around 
20 villages of Moklen settled on the coast of Phang 
Nga province, in Takuapa and the Tai Muang dis-
trict (Ivanoff 2001). The Tsunami in the Indian 
Ocean in 2004 was a serious event for them, affect-
ing their houses and land (Chumchonthai Foun-
dation 2012). Some villages relocated inland for 
future safety. Other villages still keep their original 
livelihood but are being transformed by moderni-
zation. Moklen ethnic houses are fast disappearing 
and as such are life-changing. The house styles are 
simple and temporary, but unique and originally 
developed by the Moklen•s indigenous knowledge 
and techniques. It may now be the time to evaluate 
their housing culture.

2 THE CONSTRUCTION PROJECT OF A 
MOKLEN HOUSE

A field survey of a Moklen village in Phang Nga 
Province, Takuapa and the Tai Muang district in 
2013, found that mostly the Moklen housing form 
had changed. In Tubpla villages in the Tai Muang dis-
trict, traditional Moklen houses can still be found.

The construction project started with the idea 
creating the place to invite visitors in the village. 
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The restrictions with construction materials 
which originally came from the accessible mangrove 
known as Pa Kongkang Klong Thungmaphrao, cre-
ated limitations in building a Moklen house. After 
the Reserved Forest Act was issued in 1954 (Kittipat 
2014), the resources from mangroves come under 
the Treasurer of the Department of Marine and 
Coastal. Cutting large quantities of wood, such as 
for construction is illegal, except with the acknowl-
edgement of the officer of the department.

3.2 Construction Process

… Construction materials were collected, and cut-
ting wood in mangroves shows that the Tubpla 
community has a deep understanding of the 
area. They know the best locations for cutting 
wood, the grouping of trees, and types of wood 
suitable for construction. However, some con-
struction materials cannot come from nature like 
before, so it is necessary to request permission 
from the landowners involved in the purchase.

… Construction preparation starts with material 
preparation, and the required size and length of 
timber by measurement. The past method has 
changed and the components are prepared in 
sizes to fit perfectly with the assembly and con-
struction of the house; builders choosing to cut 
the timber after installation. Other components 
will be prepared such as weaved bamboo walls, 
roof units, etc.

… The main pillar is at the center of the house and 
is the most important component. A ritual at the 
hole of a main pillar takes place to ask for the 

protection of the house, and put the valuables 
and pit the pillar into the holes. The positions 
of other pillars are decided by the measurement 
from the main pillar.

… The wooden scaffold will be used to make the 
Pae Wien (roof beam) around the house, which 
strengthens its whole structural frame. The same 
scaffold will then be moved up to be used for the 
roof structure. The main floor structure will be 
installed, paving the roof units, to take advantage 
of preventing rain from coming in and provid-
ing shade when working on the floor structure. 
Next, making a plain gabled wall frame to install 
prepared bamboo walls, and door (Fig. 2).

… The front balcony is an important element in a 
Moklen ethnic house. After the main building is 
completed, a balcony called Nok Charn will be 
added by joining the pillars to the main building.

3.3 Features of a Moklen ethnic house

3.3.1 Architectural Form
… Floor plan
 There are two types of Moklen houses, based on 

the number of pillars. Six pillars create a small 
design, easily and quickly built, and nine pil-
lars provide the standard type with a width of 
around 4 meters and a length of around 5 meters. 
A rectangular shaped area is well managed and 
arranged by the elevated floor inside. The wall 
layout can be flexible to follow the requirements 
of the owner. The house in the project has a wall 
layout decided mainly for the visitor activity and 
thus the area in front of the house is open to set 
up the flexible space or visitors. The house con-
sists of a living area, sleeping area and kitchen, 
while a balcony, Nok Charn, is used for working 
during the day (Fig. 3). As the Moklen give pri-
ority to daughters, the size of the house basically 
depends on the number of daughters, expanding 
the floor area by adding sleeping rooms.

… House dimensions
 At present, the Moklen house usually has a floor 

level height of around 1 meter, and the space under 
the floor is used for keeping livestock. However, 
in the past, the house was built in the forest so it 
was higher to prevent danger from wild animals. 
For this house, the height of the floor level was 
approximately 1.60…1.70 m. The height from the 
floor level to the beam is around 1.70 m and the 
highest level at the top of roof is approximately 
5.40 m and slope of the roof is nearly 40°.

3.3.2 Construction technique
The structural principle of the Moklen house is a 
bundle structure where dual components are con-
nected together by rattan rope in order to be attached 
to another component, as detailed in Figure 2. The 

Figure 1. Location of Tubpla village.
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Figure 2. Construction process and joint details of the construction project of Moklen ethnic house.
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Figure 3. Type of Moklen houses in the area, the house 
of construction project is at the bottom of the picture 
(Author).

Figure 4. Body-based measurement of Moklen in Tub-
pla Village (Pollasap, K. & Worrasittisart, N.).

Table 1. Moklen scale measurement from body-based 
units.

Moklen have mostly continued to keep the tradi-
tional forms and methods of construction as well 
as using original equipment in construction, such 
as axes and machetes. However, modern equipment 
such as a saw is used to make things easier.

4 DESIGN METHODOLOGY

4.1 Body-based units of measurement

Body-based unit measurements are used in the 
construction of  Moklen houses. The knowledge 
of  using a part of  the body in building design 
has been passed from generation to generation. 
It is used for designing house plans and measur-
ing the size and length of  components. Research 
found that the Moklen use the units based on 
the hand (H) and arm (A) and some parts of 
the body (B) For example: from the navel to 
the floor, etc. It can be summarized as below 
(Table 1) and demonstration of  body-based 
measurement (Fig. 4).

The interviews found that the elder Moklens 
still used the names of the measurement units in 

the Moklen language while due to the merging of 
the Thai culture, the later generations included 
some use of international measurement units. The 
knowledge of body-based units of measurement is 
still apparently shown in this construction project. 
The units used in the construction of a Moklen 
house show the area as gray bars, and it was also 
found that each generation of Moklen use differ-
ent measurements such as (A-3), which is a unit 
that elder Moklen use, while later generations use 
(A-2).
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4.2 Application of units for building forms

… Floor planning
 The floor planning of a Moklen house is deter-

mined by the arrangement of pillars, the wood 
measured in the required length is used as a ruler 
for planning the size of the house. The width of 
the plan is decided by nine times of (A-2) and the 
length is 12 times of (A-2). The width and length 
of the house are divided in half  to arrange pillar 
span.

… Height planning
 Height planning for a Moklen house is deter-

mined by the length of  the pillar and the depth 
of  the pillar hole. Six side pillars have nine 
times of (A-2) and center pillars length; and 
three center pillars 12 times of (A-2) length. All 
of  the pillars will be inserted into the holes on 
the ground at a depth of  (A-4). The difference 
in pillar length, three times the length of  (A-2) 
and the distance of the pillar span on the front 
is 4 ½ × (A-2), create the slope of the roof the 
slope of the roof is 37°. At floor level, there is 
no certain principle for it, but it can be seen 
when also based on the requirements of  the 
house owner. However, the height of  the house 
owner can be used to determine the level of 
floor height, which is 165 cm.

  The result from the study is that it can be 
concluded that Moklen use a proportion of 
the length of  9 × (A-2) and 12 × (A-2), both 
in floor and height planning in a traditional 
house.

4.3 Application of units for building 
components

The application of the body-based unit with the 
building elements A-2 (Ar Hut, Hut, Sok Shee, 

46 cm) are the main units used for the pillar 
9 × (A-2) and 12 × (A-2) and most of the main 
structure components, such as floor and roof struc-
tures, will be prepared for longer than 1 × (A-2) 
to serve as a space for binding the components 
together. (Table 2) For example, the layout of a 
building 9 × (A-2) and 12 × (A-2) long, have pre-
pared elements of wood 10 × (A-2) and 13 × (A-2) 
long, respectively.

The application of measurement for roof units 
is A-1 (Hut, Sok Klom, 35 cm) the length of the 
roof unit is 4 × (A-1). Such length would contrib-
ute to the distance of the structure to support roof 
units. The unit (H-3) (Ar Eu Kam, Kueb, 14 cm) 
is used for the overlap distance of the roof units 
(Fig. 5).

After construction is finished, it can be con-
cluded that the major units used in the design of 
a Moklen house are A-2 (Ar Hut, Hut, Sok Shee, 
46 cm). Then A-1 (Hut, Sok Klom, 35 cm), H-3 
(Ar Eu Kam, Kueb, 14 cm) and A-4 (Per Ark,  
67 cm). The Moklen use body-based units of 
measurements by simple estimated speculation; 
this is because the elbow is a medium scale that can 
be applied to both short and long.

5 CONCLUSION

The study of  Moklen ethnic house construction 
shows how the building process begins and how 
the traditional Moklen form is retained. This 
also includes the rituals and concepts of  con-
struction, and provides knowledge of  access-
ing resources for the selection of  construction 
materials. In particular, the use of  body-based 
units of  measurement in construction, and the 
application of  different units to design and con-
struct, concluding with 10 units with 4 units 
used in the basic construction. The study also 
shows the different uses of  various units for each 
generation, and found that the most used is the 
(A-2) and (A-1) or elbow. This is the basic unit 
of  measurement used in almost all parts of  the 
construction. In addition, the ratio of  9 × (A-2) 
and 12 × (A-2) is used both in floor and height 
planning.

This construction project shows the indigenous 
knowledge of Moklen passed from generation to 
generation. Especially body-based units of meas-
urement, an important part of building knowl-
edge and technique in design methodology and 
construction, it also shows the construction man-
agement of a Moklen house under difficulty of 
present conditions, which will be useful in retain-
ing knowledge of Moklen traditional house con-
struction in the future.

Table 2. Components length with body-based unit of 
measurement.
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Sustainability in Saudi vernacular built environment: The case of Al-Ahsa
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ABSTRACT: Without knowing its comprehensive meaning, sustainability has been one of the most fun-
damental and important features of Saudi vernacular built forms. Traditional Saudi builders have devel-
oped different techniques that promote sustainability such as the sensitive selection of sites, integrated 
distribution of uses, adaptation to hot climate and utilizing renewable building materials; socio-cultural 
believes and economic situations are further dimensions of sustainable development that have not been 
overlooked. The present paper attempts to portray sustainability inherited in the vernacular built forms 
of the Eastern Province of Saudi Arabia with special concern to Al-Ahsa. The paper provides an insight 
on criteria and design issues associated with the sustainability of Al-Ahsa vernacular architecture. Design 
criteria and considerations for sustainable performance are illustrated and concluded to identify guidelines 
for effective and environmentally friendly contemporary designs. Vernacular design principles are of great 
benefit to current professionals to achieve designs that fulfil both local identity and sustainability.

impacts, natural resources, energy efficiency and 
water demand (Al-Hathloul & Mughal 2004). Gen-
erating electricity in Saudi Arabia depends heavily 
on burning fossil fuels (Alnatheer 2006) while the 
use of renewable energy is exceptionally rare (Al-
Saleh 2009). Saudi Arabia has no natural water 
resources and depends on seawater desalination 
plants (Taleb & Sharples 2011). Sustainability in 
Saudi Arabia thus needs to be urgently pursued. It 
is believed that this could be achieved with the aid 
of vernacular built environment which provides 
effective guidelines for integrating sustainability 
into building and construction processes.

The purpose of this study is to define elements 
that enhance sustainability in Al-Ahsa vernacular 
environment with the belief that many of them can 
be beneficial for contemporary practice. The belief 
is based on the fact that vernacular built form has 
achieved a reasonable degree of adaptation to the 
setting as a result of centuries of empiricism.

2 METHODOLOGY

The research was started with a literature review 
for issues in relation to vernacular architecture and 
sustainability. Maps and aerial views of the study 
area were prepared and a site visit took place. 
During the visit, urban and architecture features 
were visually documented to understand collec-
tive physical expressions. Built forms of significant 
sustainable values can then be identified. A sur-
vey and mapping for selected buildings and open 

1 INTRODUCTION

The Eastern Province lies in the Gulf  Coast zone. 
According to its setting on the Arabian Gulf  
(Fig. 1), Eastern Province has been a location for 
many urban settlements. Al-Ahsa, Al-Jobail, Al-
Qatif  and Al-Khobar are among the most impor-
tant of these settlements. Al-Ahsa, or Al-Hasa in 
slang, is the largest agricultural oasis in the King-
dom that includes many towns and villages such 
as Al-Hafouf, Al-Mebriz and Al-Uqair (SCTA 
2010). Each of them has a large stock of vernac-
ular architecture. However, Islamic vernacular 
communities used to include residential quarters, 
mosques and markets. Traditional AL-Hafouf, for 
instance, is a walled city that contains three main 
districts among which Al-Kout is the largest, many 
mosques and Al-Qaysariah market (Facy 2000).

For the most parts of Al-Ahsa, vernacular set-
tlers have developed effective solutions over the cen-
turies in order to create architectural compatibility 
with the environment; which is currently known as 
•sustainableŽ environment. These solutions have 
been demonstrated in the selection of sites and 
allocation of buildings and their components, con-
trolling the impact of oppressive climate, utilizing 
building materials and construction technologies, 
and considering socio-cultural believes imposed by 
Islam teachings and Arab customs and traditions.

Nevertheless, sustainability in contemporary 
practices is not generally given enough considera-
tion (Wallbaum et al. 2012); while, Saudi Arabia 
is facing serious challenges in the environmental 
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spaces were carried out. Structured interviews of 
open-ended questions were performed with some 
residents of the area. Structured interviews with 
employees of Saudi Commission for Tourism and 
Antiquities (SCTA) were also conducted to get an 
insight on the functions of buildings• components. 
The informants supplemented the research with a 
wide range of information on sustainability of the 
built environment.

3 FACTORS AFFECTED AL-AHSA BUILT 
ENVIRONMENT

The vernacular built form of Al-Ahsa has been 
shaped under the effect of three main impacts: reli-
gious, socio-cultural and environmental.

Religious factors are the imperative whereas 
Islam is the most important component of faith. 
So, the mosque, the worship place, usually occu-
pies the main space of the urban structure, from 
this public space, walkways branch in a less hier-
archical configuration (Al-Naim 2006). Privacy for 
women is another critical issue that has immense 
impact on the planning and configuration of the 
built form. In a house design, separate guest room, 
courtyards and elevated narrow openings are typi-
cal treatments to protect women from strangers• 
eyes (Ellahi & Fahad 2008).

It is, however, difficult to separate religious fac-
tors from the socio-cultural ones. Again, the woman 
is a critical issue in Arab culture. Moreover, tribe 
envision was a common behaviour in Bedouin life. 
So, defensible districts imposed themselves on the 
urban and architecture level. Fortified or walled 
communities with observed broken walkways were 
typical defence strategies (Cetin 2010). People of 
different social strata lived together in one commu-
nity according to teachings of Islam which calls for 
equity (Al-Naim 2008). Social interaction used to 

take place in private spaces which acted as rooms 
for children to play in (Talib 1984). Guests have 
great standing in Arab culture; hence, the guest 
room was designed to give the utmost respect to 
the visitors (Alkhalidi 2013).

On the environmental level, the hot-humid climate 
was the biggest challenge. Al-Ahsa is characterized by 
a hot-humid climate with a temperature that reaches 
about 44°C in June. With the end of spring, the area 
is exposed to heavy sand storms which extend for 
many days (Al-Jerash 1985). Alleviating the impact 
of climate and providing a comfortable atmosphere 
showed some solutions such as the compact urban 
tissue, appropriate orientation, courtyards, massive 
walls, light colours and wind towers (Vine & Casey 
1992). Native builders tried to take advantage of 
available materials like stones, mud and wood in con-
struction (Harvard University 2011).

4 INTEGRATED SCOPE OF 
SUSTAINABILITY

The integrated scope of sustainability is not lim-
ited to the environmental impact. It expands to 
include the social and economic dimensions (Attia 
2013). Environmental sustainability is believed to 
consider the integration of project site in the envi-
ronment, the use of materials which are ecological, 
recycled or can be recycled and the reduction of 
energy consumption (UN ESCAP & UN Habi-
tat 2008). Social sustainability is concerned with 
addressing basic needs, enhancing people•s quality 
of life, strengthening local communities (Arman 
et al. 2009), maintaining local socio-cultural tra-
ditions (Woodcraft 2012), preserving identity 
in the face of change (Vallance et al. 2011), and 
finally promoting values that are in the interest of 
environmental sustainability. From an economic 
perspective, sustainability is the optimum employ-
ment of existing resources so that a responsible 
and beneficial balance can be realized over time. In 
urban development, the balance between construc-
tion, operation and maintenance costs over time 
becomes crucial (Sidawi & Meeran 2011).

5 SUSTAINABILITY FEATURES OF 
AL-AHSA VENACULAR BUILT 
ENVIRONMENT

This section attempts to highlight features asso-
ciated with sustainability in Al-Ahsa vernacular 
built environment.

5.1 Urban pattern

The need for protection against heat and summer 
sun has been reflected on the vernacular urban 

Figure 1. Location of Eastern Provence and Al-Ahsa. 
(Google Earth, edited by author).
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form of Al-Ahsa by making buildings dense and 
complex. It is noticeable that compact urban tissue 
provides protection against the weather by casting 
shadows on buildings and across streets. Walkways 
are constructed mainly in the east-west orientation 
with buildings directly adjacent to walkway edges 
(Fig. 2). The narrow width of walkways in this loca-
tion makes them completely shaded during sum-
mer days. When walkways intersect, a wider open 
space configures. This space plays a climatic role as 
it helps moving air through walkways to alleviate 
the impact of hot weather in summer. Narrowing 
walkways cross-section contributes accelerating air 
current. Moreover, roofed paths enhance keeping 
the walkways shadowed (Fig. 3).

The role of urban pattern is not limited in envi-
ronmental sustainability discussed above. It extends 
to play an effective role in maintaining social sustain-
ability. The open space system is arranged in a hier-
archical manner that provides public, semi-private 
and private spaces to promote different forms of 
communication among residents. Pathways served 
as gathering places for children to play supervised 
by women who used to assemble and socialize. In 
addition, the open spaces are gathering centres for 
men inhabitants of adjacent houses. In those spaces, 
children can play safely under the surveillance of 
their fathers. Doors overlooking open spaces are sit-
uated shifted from each other to maintain privacy.

Allocating the settlement adjacent to arable land 
and water resources together with the distribution 
of communal services enabled inhabitants to move 
easily from residence to the work, to the mosque 
and to the market. But, the tortuous narrow walk-
ways made the circulation system misleading for 
those unfamiliar with the area in case of attack. 
Also, roofed paths served as an observation point 
where residents can watch the passageway within 
narrow windows without being noticed.

5.2 Building materials

Vernacular buildings of Al-Ahsa are typically built 
of thick walls of stone or mud mixed with adobe. 
Ceilings are constructed with indigenous tamarisk 
or palm wood. While palm trees are ubiquitous, 
tamarisk seems to have been used most frequently 
because of its length. The thinner branches of tam-
arisk are used to make roofing poles. In clusters of 
two or three, they form the lintels of doorways.

An attraction of tamarisk is its capacity to 
expand and shrink with changes in weather and 
the fact that it resists cracking. Above structural 
wood there is the matting of palm leaves which, 
along with branches form the ceilings of houses 
after being covered with mud plaster. Further, 
palm leaves are netted and used as rugs for floor-
ing over the sand.

Noticeably, construction materials utilized in 
Al-Ahsa are formed of natural elements which 
are renewable and recyclable. Stone, mud, tama-
risk, palm trees and adobe are brought from near 
mountains or agricultural land with minor process-
ing and waste production.

However, interior walls are decorated by differ-
ent patterns of alcoves where ornaments are usually 
placed (Fig. 4). The niches lighten the weight of walls 
which adds to the efficiency of the structure system 
and save materials. This can be explained in favour 
of the economic dimension of sustainability.

5.3 Building envelop

Stone, mud, wood and adobe are known for their 
insulating qualities. They have high thermal capac-
ity, which retards heat transmission through the 
walls into house spaces according to time lag princi-
ple. Besides, facades are finished with smooth light 
colours to reflect sun rays and absorb less heat. The 
number and size of openings allocated on the exter-
nal walls facing walkways are minimized to avoid 
hot air from penetrating into the indoor spaces.

Figure 2. Vernacular urban pattern of Al-Ahsa (King 
1998).

Figure 3. Roofed paths of Al-kout district, Al-Ahsa 
(Author).
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Most of the windows open towards the inner 
courtyard, which generally enjoys moderate envi-
ronmental conditions. Windows are placed at the 
top of walls and filled with lattice wood. These 
admit filtered light without over-heating rooms 
and permit the air to circulate. Windows are sup-
plied with controlling shutters (Fig. 5).

5.4 Courtyard

Organizing rooms around a courtyard is a the-
matic pattern in Al-Ahsa vernacular buildings. The 
courtyard is a time-tested and valuable element 
in hot climate zones. It alleviates the exposure to 
external weather conditions and creates a comfort-
able microclimate in the area surrounding. Spaces 
that open to the courtyard are usually protected 
against the extreme heat and sand storms. How-
ever, having small and limited openings toward the 
outside is compensated by the courtyard to provide 
the necessary lighting and ventilation.

With the increase of family members, spacious 
courtyards are filled with additional living units. 
However, some of the courtyards had private wells 
and facilities for grinding flour and cooking ovens 

which expel combustion gases to the open air keep-
ing interior spaces clean.

In many cases, like Al-Molla house, guest room 
is a double-height room with highly elevated win-
dows. Difference in pressure resulted from cold air 
in the courtyard and hot air of indoor spaces pushes 
hot air up to egress through windows (fig. 6).

5.5 Wind tower

Respondents indicate that two wind towers were 
said to remain in Al-Hafuf until late eighties. How-
ever, wind towers are most common in adjacent 
Gulf countries (Fig.7). Vernacular settlers utilized 
wind towers to catch favourable winds and venti-
late inner spaces in hot seasons. Favourable winds 
in Al-Ahsa is the northwest one. Wind towers catch 
favourable winds and supply them into main spaces 
during summer. Since wind towers are built higher 
than the buildings and the inlets reduce its strength 
against lateral forces, a wooden poles are placed 
horizontally in bricks to increase resistance.

Figure 4. Alcoves in interior walls (Author).

Figure 5. Façade and guest room with elevated win-
dows (Author).

Figure 6. Courtyard and ground floor plan of Al-Molla 
house (Author).

Figure 7. A similar type of wind towers in UAE (Alkha-
lidi 2013).
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Wind tower opening which faces the favourable 
wind direction is in a positive pressure, while open-
ing on the opposite side has less pressure resulting 
in suction effect. This pushes the fresh air to rap-
idly flow to ventilate spaces alleviating the feeling 
of humidity. Moreover, the apertures of the tower 
are screened with a metal mesh to prevent birds 
and dirt from transit into the house; and in winter, 
they are completely closed with wooden shutters.

5.6 Basement water cistern

Al-Ahsa gets little rain, but most of it comes all at 
once in big downpours. Informants indicate that in 
some cases, rain water was harvested and collected 
in basement tanks. Children used to sweep off  the 
roof before the rains, and the rainfall would be 
directed to downspouts taking the water to a base-
ment cistern (Fig. 8). Such potable water is used 
for different domestic purposes. However, these 
cisterns were not utilized on a large scale in Al-
Ahsa because there is the groundwater alternative.

6 IMPACT ON CONTEMPORARY 
PRACTICE

Vernacular built environment proved to have sus-
tainability values that can be developed to operate 
in contemporary Saudi practices. Traditional built 
form has created innovative regional designs such 
as courtyards and wind towers. With more research 
these elements can be elaborated to play an effective 
role in modern architecture. Contemporary prac-
tice is ruled by building regulations which impose 
a maximum height and setbacks from all direc-
tions of the plot resulting in disconnected punctual 
urban tissue instead of the compact orthogonal 
one which is more appropriate from climatic and 
social viewpoints. Meanwhile, the orientation of 
the building and the windows has been thought of 
to provide privacy, ventilation and lighting by flex-
ible and controllable means. The performance of 
regional features can be enhanced with the aid of a 
software like Ecotect or Design Builder.

Respecting site characteristics by settling beside 
work opportunities and existing infrastructure, 
especially water resources, together with the com-
pact urban tissue and integrated land use distri-
bution shorten movement distances and enhance 
walking. This integration should be addressed in 
contemporary built environments to reduce relying 
on vehicles and hence eliminating fossil fuel con-
sumption and air pollution. Moreover, compact 
development conserves land, reduces damage to 
sites and promotes community liveability.

Light colours and high-albedo materials for 
buildings and walkways reduce heat island effect. 

This effect is enhanced by landscape elements such 
as palm trees which provide shade for pedestrian 
walkways. Shaded pedestrian circulation system is 
a crucial requirement in contemporary residential 
districts to encourage walking. Likewise, minimiz-
ing demand for irrigation is an urgent demand in 
Saudi Arabia. Palm trees are an appropriate option 
for landscape design as it requires less water and 
maintenance than other plants.

Enhanced building envelop is a sustainable 
approach that needs to be emphasized in contem-
porary buildings especially with regard to thermal 
insulation. Walls and windows have to be designed 
to insulate heat transfer and thermal bridging. 
Moreover, areas of windows should not be exag-
gerated. Like small openings of vernacular archi-
tecture, window to floor area ratio should be well 
calculated. A balance between area of windows 
and adequate natural lighting needs to be stroked. 
The role of natural lighting is recognized in saving 
electrical energy assigned for this purpose. Again, 
the role of courtyard in natural lighting needs to be 
reconsidered in contemporary architecture.

Utilizing local building materials is of great 
interest in contemporary construction industry. 
The impact of manufactured building materials 
on the environment cannot be denied. Environ-
mentally preferable materials and building com-
ponents, local materials that are processed within 
the region, reducing construction waste generation 
and reuse of waste materials are valuable lessons 
from vernacular building technology. Besides, uti-
lized local materials proved to promote durability 
of the building enclosure and its components.

The quality of indoor environment is further 
an important lesson to be learnt from vernacular 
architecture. Allowing natural ventilation, con-
trolling moisture and reducing particular levels 
to provide comfortable and healthy indoor spaces 
with minimum maintenance are among sustain-
ability objectives. Controlling indoor environment 
enhances the building durability. Respecting local 
culture and identity enhances the social side of sus-
tainability encouraging residents to act positively 
towards preserving and maintaining their environ-
ment. Many of the above environmental interests 
have become important requirements in present 
sustainability assessment tools such as LEED and 
BREEAM.

7 CONCLUSION

In this paper, vernacular built environment of 
Al-Ahsa is studied with respect to sustainabil-
ity. Vernacular built form of Al-Ahsa proved to 
maintain many principles including introversion, 
compactness, self-sufficiency, efficiency and pur-
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posefulness. The adaptation of these principles 
with the principles of sustainable development in 
its comprehensive meaning is evident. The objec-
tive herein is not to imitate the vernacular built 
form but to learn from it. This is currently impera-
tive given the sensitive environmental crisis. Some 
features can be developed and reproduced; while, 
others have become inapplicable but carry orien-
tation for solutions. Environmentally, shading and 
thermal insulation are greatly valued. Tactics vary 
between compact urban tissues, courtyards, nar-
row windows and effective building envelop. With 
the aid of new software, the impact of those fea-
tures can be examined and enhanced. Thinking 
about the power of wind and sun utilized to move 
air through the house inspires the importance of 
renewable energy sources. Likewise, creative meth-
ods of harvesting water are of great importance. 
Private and semi-private spaces which strengthen 
local communities and maintain local socio-cul-
tural traditions are a major component of social 
sustainability. While, achieving environmental and 
social sustainability within affordable cost is a cru-
cial demand. For instance, efficiency of building 
materials and technology as well as natural light-
ing and ventilation is a valuable component of eco-
nomic sustainability.
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Vernacular houses of Datca Peninsula: Architectural typology 
and its sustainability

O.B. Avsar
Department of Architecture and Design, Pamukkale University, Denizli, Turkey

ABSTRACT: Datca peninsula is located on the west Aegean coastline of Turkey. It is surrounded by 
sea on three sides forming a foreland but it has acted more like an island because of compelling roads to 
mainland. Thinking the restraints of the peninsula, the vernacular houses were formed very primitively 
by native people under the guidance of illiterate builders, and with the help of simple tools and materi-
als. However what they produce is beautiful, simple, well-balanced and responsive to the user•s needs. 
Behind the apparent simplicity of these buildings, there is a reliable information-transmission system 
which is imperceptible at the first glance. The aim of this paper is to understand the vernacular houses 
of the peninsula, to decipher the codes of their simplicity and beauty and to discover the origins of the 
knowledge of the patterns in the minds of the native builders. Its contribution to knowledge intends to 
establish a design approach sustaining the vernacular principles in forming the contemporary architecture 
of the peninsula.

research is to decipher the codes of building pat-
terns in the vernacular houses of Datca peninsula 
and to generate knowledge within reach of every-
body, especially the governors and architects. The 
idea is to develop a pattern language to understand 
and sustain values of the vernacular architecture 
on the peninsula.

2 DACTA PENINSULA

Datca peninsula overhangs in Aegean Sea between 
Gökova and Hisarönü Bays and is neighboored 
by the Greek islands; Symi, Kos, Nysros and 
Tylos (Fig. 1). The famous antique settlement 
on the peninsula is known as Knidos which was 
first established on the north-east side where the 
modern city is settled now and then moved to 
south-east part in order to dominate the rising sea 
trade. Being a member of the Dorian Hexapolis in 
Aegean Sea during the Hellenistic period, Knidos 
was an important harbor city and was famous with 
its wine. After the decline of Knidos, Datca penin-
sula was conquered by Romans and the other fol-
lowing dominant civilizations respectively, but had 
never became a glorious city as Knidos. During 
the 19th century governing of the peninsula was 
held by the municipality of Marmaris. In 1928 
three neighborhoods settled on the north-east side 
of the peninsula are gathered and the district of 
Datca was established with its own municipality 
(Avsar, 2001).

1 INTRODUCTION

Vernacular buildings are structures developed by 
the ordinary human beings to maintain their phys-
ical and intellectual life, adopting to the challeng-
ing restraints of nature and also developing the 
habit of establishing a harmonious relationship 
with their surroundings. The builder does not draw 
the building he is going to construct; neither can he 
draw even when he wants to do so, nor can he pro-
vide a convincing explanation of his decisions. A 
building as an outcome of craftsmanship is trans-
formed gradually through innumerable mistakes 
and successes in many centuries within a process of 
trial and errors. At the end of this slow and patient 
search, an amazingly well-balanced structure, also 
responsive to the user•s needs, is produced (Aran, 
2000).

The vernacular stone houses of Datca penin-
sula enchant the viewer with their artless sculp-
tural forms. The beauty of the houses encourage 
the contemporary designers to reproduce the ver-
nacular cubical forms in their new designs, how-
ever what they produce is generally out of scale 
or not in harmony with traditional fabric. It is 
observed that the new builders on the peninsula 
are eager to sustain the vernacular house types 
but they content with only using stone material 
in cubical forms and shapes. However it is essen-
tial to apprehend the inherent design principles 
of the vernacular houses which are embedded in 
the minds of the native builders. The aim of this 
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The main district located in the middle of the 
peninsula is also called Datca and it involves three 
neighborhoods and nine villages scattered on two 
sides of the peninsula. While the north-east part 
of the peninsula has a plain geography, the south-
east part is mountainous. However the moderate 
climate of the region let the rural people to be 
engaged in agriculture both on plains and moun-
tains. The flora includes olive and almond trees 
(Avsar, 2001).

3 TYPOLOGICAL ANALYSIS OF THE 
VERNACULAR HOUSES

This research is held in a neighborhood of Datca 
called Resadiye which was the center of the town 
until 1947. Thus it is the village where the distin-
guishing vernacular examples of the peninsula are 
densely found. All of the vernacular houses of the 
village are recorded and comparatively analyzed 
considering the other villages where the author 
held observational studies. An analytic method 
composed of two steps is proposed in the study. 
In the first step, the vernacular plans of the houses 
are decomposed into its identical spaces and in the 
second step the basic common identical space is 
decomposed into its determinant features. Thus 
a pattern language that determines the forms is 
developed. The basic identical unit observed on 
the peninsula is called as •mono-core dwellingŽ 
and the following types are erected considering the 
basic determinants of the mono-core dwelling.

3.1 Mono-core dwelling type (Type A)

The mono-core dwelling is the simplest unit, in 
other words, the primitive type seen in Re�adiye 
Mahallesi and Datça Peninsula. This basic unit 
demostrates the common social and architectural 
characteristics of Mediterranean Coastal Region 
with its inhabitants• similar extroverted life style, 

economical functions and natural characteristics 
of environment. It has survived through the impact 
of physical factors as the topography, climate and 
availability of water sources, agricultural areas and 
building materials; as well as socio-cultural factors 
as the village, social life and customs. This primal 
type is the result of a collective design language 
which has been structured and modified by local 
people. The mono-core dwelling with its single 
spaced rectangular room is a multi-purpose space 
where all activities as sitting, dinning, cooking, 
storing and even bathing are held.

The narrow side dimension of the rectangular 
unit varies between 4.20 mŠ4.60 m and the longer 
side dimension varies between 5.50 m…6.50 m. 
The dimension of the narrow side of the rectan-
gle generally depends on the size of the monolithic 
wooden beam of oak tree which was densely found 
on the peninsula. The ceiling height is around 
3.00 meters, and the height of the one-floor mass 
from the ground to the roof level is approximately 
3.60 meters, in varying sizes between 3.00 and 
4.00 meters (Figs. 2…3). The basic features of the 
mono-core dwelling are classified as entrance, 
chimney, roof, openings, room, courtyard and wall. 
The shape, dimension and place of these features 
in the overall design are determined by three basic 
factors such as construction materials, climate and 
function which is shown in Table 1. According to 
this table stone and wood as construction materials 
basically determines the shape, the climate deter-
mines basically the place of entrance and chimney, 
and the functions private to the family determine 
the arrangements of the mono-core dwelling.

… Thick walls of cut stone: Mono-core dwellings 
are rooms in the shape of a rectangle, enclosed 
with masonry stone walls whose thicknesses 
vary between 50 cm…80 cm. On sloped grounds, 
buildings are erected by using raised wooden 

Figure 1. Location of Datca Peninsula (Google earth). Figure 2. Mono-core dwelling type/Type A (O.B. 
Avsar).
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floors with a level of difference. When rocky 
ground does not permit digging, either it is filled 
with soil for levelling or convenient flat surfaces 
are created by raised wooden floors resting on 
the walls above the ground.

… Rectangular room: Rectangular rooms are divided 
into two chambers. The chamber closer to the 
entrance is used for service functions as storage 
and bathing and comprises the cupboards nam-
ing hamamlšk, yüklük and ambar. The other one 
is the front of the fireplace which is the heart of 
the dwelling with its most common use for the 
functions as cooking, eating, sitting and sleep-
ing. This living part is usually built on a raised 
wooden floor, one or two steps above the ground, 
and the entrance part is left as pressed earth.

… Bulged fireplace with flanking windows: There is 
a fireplace-oven-which is located at the middle 
of the short façade being far from the entrance 
and there are two windows symmetrically placed 
next to the fire place. The fireplace faces north 
direction that directly opposes to the prevail-
ing wind on north-west and south-east direc-
tion. The other windows are on the long facades 
opposed to each other near to fireplace.

… Southfacing courtyard, hanay, and entrance with 
exterior stairs: Mono-core dwelling is usually 
placed in detached order in large plots and a 
common place where the daily life of local people 
pass is shaped in front of the dwelling in varying 
sizes. The entrance door of the dwelling is placed 
either on the long facade far from the fireplace 
or on the short façade opposing the fireplace 
near the midpoint. The entrance door faces the 
common place in front of the dwelling and is 
raised from the ground with two or three steps. 
This common place is called as hanay in some 
villages of the peninsula. It is separated with a 
low thick wall from the garden. Furthermore the 
common place, hanay, is differentiated from the 
garden with its ground pavement as stone tapes-
try or thin concrete layer. Under the moderate 
climatic conditions in winter and hot summer 
season, the inhabitants of the village prefer to 
live outside. With their extroverted character of 
social life, the common place, hanay, is the cen-
tral open or semi-open space for local people.

… Earthen flat roof: Mono-core dwellings are cov-
ered with earthen flat roofs coated with water-re-
sistant soil called horosan. When the rural dweller 
finds that the ceiling is dripping, he climbs the 
rooftop and mends the horosan coating by com-
pressing it with a cylindrical piece of stone called 
yürgü, which he rolls to and fro on the spot. In 
time the earthen flat roofs were replaced with the 
pitched tiled roofs because it became possible for 
the rural dweller to buy roof tiles.

Each of the above stated determinants consti-
tute a field of relationships that can be interpreted 
in different ways. Locality, climate and the local 
functions are constant factors determining the 
relations of the basic features of the mono-core 
dwelling (table 1).

The mono-core dwellings can be grouped 
according to its number of storeys as one floor, 
one floor with basement and two floors. The exam-
ples with a basement floor are usually erected on 
the sloped grounds. Furthermore the rural dweller 

Figure 3. Architectural plans and façade arrangements of the mono-core dwelling (O.B. Avsar).

Table 1. Relation of features of the mono-core dwelling 
with the determinants.

Materials Climate Function

Entrance Determine 
direction

Determine 
place

Chimney Determine 
direction

Roof Determine 
form

Openings Determine 
form

Determine 
place

Room Determine 
form

Determine 
arragement

Courtyard Determine 
arragement

Wall Determine 
form
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may prefer to build a basement floor in order to 
store wood, goods, big potteries including olive 
oil, and for keeping animals (Fig. 4). However the 
features determining the basic rectangular unit do 
not change and only a stone staircase is added on 
the long façade. In some examples the stairheads 
are enclosed in order to be protected from rain, etc. 
The examples of two-storeyed mono-core dwell-
ing are usually the renovated ones. With the rising 
contemporary needs the rural dweller enlarges his 
mono-core dwelling by adding a second floor with 
an inner wooden staircase placed on the living 
chamber stated above. In this renovated examples 
the second floors are reserved for sleeping.

3.2 Variations of mono-core dwelling

The following types are varied combinations of the 
pattern of mono-core dwelling type (Fig. 7). They 
are diversified according to the rising demand for 
closed space because of the insufficiency of the 
mono-core unit for the functions of living, sleeping 
and cooking. Moreover, these are the types trans-
formed in terms of changing lifestyles, especially 
after 1970s with the impact of Datça-Marmaris 
road. The improvement on the infrastructural 
facilities affected the use of spaces; for instance, the 
public water was reached to the inside of almost 
all traditional dwellings. The craftsmen coming for 
job opportunities introduced new techniques to the 
settlement. As a result new rooms as kitchen, bath-
room are added, while some functions as sleeping, 
bathing are separated from the mono-core unit.

3.2.1 Type B
Type B is composed of a mono-core dwelling and 
a smaller room attached to it on the short façade. 
This type is the advanced form of mono-core unit 
with an entrance on the short façade that the service 
chamber of the basic unit is detached into another 
room. Thus the rectangular room is left for sitting 
and sleeping and the additional room is used for 
cooking and eating (Figs. 5…7). The separation of 
the functions is also clear from the mass composi-
tion of the type; the height of the additional kitchen 
is lower than the basic rectangular unit. Again a 
bulged fireplace is found in the kitchen either on the 
short façade or on the corner opposing the entrance. 
On the sloped grounds the dwelling is built with a 
basement floor used for storage. All the other above 
stated features determining the architecture of the 
mono-core dwelling are valid for type B.

3.2.2 Type C
Type C is composed of a privatized entrance hole 
and two flanking rooms, one with a bulged fireplace 
and the other is without fireplace (Fig. 7). Both of 
the rooms have the shape of a square and they are 
smaller than the rectangular room of the mono-
core dwelling. Furthermore the combination of 
the entrance hole with the adjacent room ensures 
approximately the dimensions of the mono-core 
unit. Thus the plan type can be interpreted as the 
intersection of two mono-core units. On sloped 
grounds the dwelling is built with a basement floor. 
The examples with two storeys are the most advanced 
ones on the peninsula. In two-storeyed examples the 
entrance holes are enlarged in order to make place 
for a wooden staircase leading upstairs and usually 
pitched tiled roofs cover these buildings.

3.2.3 Cluster house
This type of dwellings is erected in time with the 
rising and changing demands of the inhabitants. 

Figure 4. Mono-core dwelling with basement floor 
(O.B. Avsar).

Figure 5. Example of dwelling for type B (O.B. Avsar).

Figure 6. Example for •cluster houseŽ type (O.B. 
Avsar).
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Various combinations of the above stated types are 
held considering the basic features of the mono-
core unit (Figs. 6…7). This type characterizes the 
contemporary design approaches that the archi-
tects should follow in order to frame a harmony 
within the vernacular dwellings.

3.3 Site planning

On the northern slopes of Re�adiye, most of the 
dwelling units are situated in scattered pattern on 
large building lots. Houses come together allowing 
the maximum utilization of the land. Therefore the 
limited amount of agricultural areas can be culti-
vated efficiently. However approaching the center 
of the village the settlement becomes denser, the 
mono-core units combine organically and consti-
tute clusters. The bulged fireplaces with flanking 
windows are striking architectural elements of 
the streets. On the other hand the fruit trees lying 
behind the low stone garden walls are important 
features of the settlement also reflecting the econ-
omy of the inhabitants based on agricultural deals.

3.4 Façade arragements

In Datca Peninsula the plan types of the vernacular 
dwellings are simple and artless reflecting the basic 
needs of the indigenous people. Thus the façade 
arrangements convey a similar approach. The 
prominent façade is the short facade of the mono-
core dwelling with a chimney and flanking windows, 
giving the impression of a human face. This façade 
generally faces north direction that directly opposes 

to the prevailing wind on north-west and south-east 
direction. The chimney protrudes from the façade. 
Windows view the street, fields or orchards (Fig. 3).

The short façade has a symmetrical arrange-
ment and the width of the chimney, placing in the 
middle, is usually 1/3 of the whole façade. Thus 
the façade is divided into three. Accordingly, the 
long façade has a similar arrangement and when 
divided into three, there suits an opening in each 
1/3 division (Fig. 3).

3.5 Constuction materials

Stone is an easily reachable building material on 
the peninsula. According to the accounts of the 
inhabitants at the beginning of the century there 
were large lands of oak trees which were used as 
timber in the constructions. However, in order to 
obtain farmlands the oak trees were cut down and 
today there aren•t any oak trees on the peninsula. 
Masonry stone is used for both the walls of the 
houses and gardens.

The thicknesses of the stone walls vary between 
50…80 cm. and clay mixed with chaff  and stuffing 
is used instead of cement. Timber obtained from 
oak tree is used basically in load bearing beams 
of the earthen-flat roof and in the production of 
openings and shutters. The timber beams are laid 
consecutively along the long side of the mono-core 
unit and a layer of reeds is obtained on them in 
order to bear the earth pressed on top. The type 
of earth called •horasanŽ used on the flat roofs are 
obtained from the skirts of the mountains on the 

Figure 7. Analysis of the vernacular houses Datca Peninsula (O.B. Avsar).
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south-east side of the peninsula. In short all the 
constructions materials used in the dwellings are 
products of nature around.

4 SUSTAINABLE FEATURES OF THE 
VERNACULAR HOUSES

The determinants features of the mono-core dwell-
ing should be sustained in order to be attuned to 
nature and vernacular fabric. The architectural 
proportions and solid-void rates of the prismatic 
unit are results of years of trial and error method 
of the indigenous people (Figs. 3…7). Especially the 
narrow side façade of the mono-core dwelling is 
the most original and predominant architectural 
feature of the peninsula which should be sustained 
in its literal proportions. Bulged fireplaces and 
small windows are the other architectural elements 
to be sustained. On the other hand the circulation 
realms of the prismatic unit and the accordingly 
shaped inner decoration can be interpreted in con-
temporary architectural designs (Fig. 7). Masonry 
natural stone as the basic construction material is 
the determinant feature of the vernacular shapes 
and forms. If  it is replaced by commonly used rein-
forced concrete material it may be difficult to sus-
tain both the vernacular architectural ratios and 
natural balance.

It is clear that with the construction of new 
Marmaris-Datca highway, the tourism activities in 
the peninsula will grow up steeply, which will cause 
a need for new hotels and motels and thus either 
new buildings will be constructed or the existing 
vernacular buildings will be reused. In future plan-
ning of the settlements on the peninsula original 
site planning and architectural features should be 
taken into consideration. In this study it is pro-
posed that vernacular dwellings display various 
combinations of the mono-core dwelling (Fig. 8). 
Thus the contemporary architectural language of 
the peninsula could easily be a continuation of this 

piecemeal vernacular pattern language. The cluster 
house type stated above forms a suitable example 
which both fits the vernacular fabric and responds 
to contemporary needs (Figs. 7…8).

5 CONCLUSION

In this study the vernacular dwellings of Datca 
Peninsula has been extensively researched and an 
analytic method is proposed to understand the 
inherent design principles of the vernacular dwell-
ings. The intention of the research is to reveal the 
vernacular design principles and to drive a set of 
guidelines from them for the new architects and 
planners in the aim to sustain the traditional and 
natural values. The vernacular dwellings of the 
peninsula are structures that are developed by 
the indigenous people with the difficulties of the 
restraints of the nature. Mono-core dwelling is the 
simplest and archetypal dwelling which responds to 
users• needs and demonstrates the natural charac-
teristics of the environment. Thus the determinants 
and architectural feature of the mono-core dwell-
ing form the basis of the guidelines of the future 
planning of the peninsula. The •cluster houseŽ type 
which is vernacularly derived from the mono-core 
dwelling clearly constitutes the way of architectural 
planning for the contemporary architects. Moreo-
ver in the future designs of the peninsula the ver-
nacular construction materials should be sustained 
both for vernacular architectural ratios and the 
overall texture of the built environment.
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Figure 8. Interpretation of the mono-core dwelling in contemporary architectural language (O.B. Avsar).
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ABSTRACT: Since 1950s Saudi Arabia has undergone immense changes in its social, economic and 
physical environments as a result of the dramatic increase in its national income that has accompanied 
the development of the oil industry. In less than half  a century, Saudi Arabia has been transformed from 
nomadic and rural societies into modem urban ones. As a result of the extensive adoption of modern 
technologies and urbanization, most Saudis had fast quitted their vernacular traditions or lost functional 
relationships with it. The paper aims to examine traditional design and construction methods in three 
regions of Saudi Arabia (Western, Eastern and Central), how they had been abandoned and almost disap-
peared in the past 60 years or so, and the recent formal and informal efforts to revive and reinvent those 
traditional design and construction methods.

formal and informal efforts to revive and reinvent 
those traditions in response to the social and physi-
cal context of the region.

The rest of the paper is organised into the fol-
lowing main sections. Part two examines ver-
nacular architecture in the three regions of Saudi 
Arabia and how they responded to the social and 
physical context of the region; part three examines 
and analyzes the various vernacular traditions that 
have been abandoned in modern architecture of 
Saudi Arabia. Part four examines the recent formal 
and informal efforts to revive and reinvent Saudi 
vernacular architectural traditions.

2 VERNACULAR ARCHITECTURE IN 
SAUDI ARABIA

Saudi Arabia is a large country thus has well estab-
lished vernacular traditions in different regions. 
Most researchers (King 1998, Ishteeaque & Al-
Said 2008) divide Saudi Arabia into four regions 
that differ in their architecture style, construction 
techniques, and materials. These regions are:

1. The Western (Hijaz) region, a hot humid coastal 
plain along the Red Sea.

2. The Central and northern (Najd) region, mainly 
a vast hot dry plateau in the center of the 
country.

3. The Eastern region, a hot humid region along 
the Arabian Gulf.

4. The Southern (Asir) region, a high mountain-
ous province to the southwest side.

Vernacular architecture in the four regions is 
starkly different. The four vernacular styles were 

1 INTRODUCTION

In the past six decades or so, Saudi Arabia have 
undergone immense changes in the economic, 
social and the physical environment as a result of 
the dramatic increase in national income that has 
come with the development of the oil industry. The 
extensive adoption of modern technologies, urban-
ization, rapid development and modernization has 
resulted in major social and economic transforma-
tion in the Saudi society. In less than half  a century, 
the Kingdom has been transformed from nomadic 
and rural societies into modem urban ones. These 
transformations has had a great impact on inhabit-
ants• life style and their needs from the built envi-
ronment. As a result of these dramatic changes, 
most of the people had fast quitted their local 
traditions or lost functional relationships with it. 
Some research showed major concerns about the 
swift and radical disappearing of local traditions in 
the Kingdom (AI-Naim 2011, Al-Ibrabim 1995).

Vernacular traditions are vulnerable in the face 
of the strong waves of modernization and globali-
zation. In response, research on vernacular archi-
tecture has focused on studying, documenting, 
and preserving historical and traditional buildings 
before they lost. Such research tend to deal with 
vernacular architecture as static and place-specific 
entities from the past. This paper aims to go beyond 
this static concept of the vernacular by examining 
the role of vernacular traditions in contemporary 
architecture of Saudi Arabia and their positive 
contribution in providing more sustainable build-
ings for the future. The paper attempts to review 
traditional design and construction methods in the 
different regions of Saudi Arabia and the recent 
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evolved over time to create a comfortable living 
environment in response to multiple factors such 
as harsh climate, culture, economy, and availability 
of local building materials (Ishteeaque & Al-Said 
2008). The main vernacular architectural styles and 
their basic building techniques in the four regions 
are summarized in Figure 1. The paper will focus 
on three regions (Hijaz, Eastern, and Najd) as case 
studies to represent the essence of the study, which 
builds its argument based on the literature review.

2.1 Architecture of the western region (Hijaz)

The Architecture in this region has a unique char-
acter as found in major cities such as Makkah, 
Madinah, and Jeddah. Although these cities have 
slightly different climate conditions (i.e. hot-dry in 
Makkah and Madinah, while hot-humid in Jeddah), 
however, the traditional Architecture exhibited in 
such cities follow common design attributes.

Researchers (King 1998, Taleb 2001, Ishteeaque 
& Al-Said 2008) showed that traditional architecture 
in Hijaz region attends to the hot-humid climate by 
adopting the following sustainable techniques:

… Developing multi-story buildings (five to six 
floors). These are extroverted towers in which 
functional rooms were positioned toward the 
external facades with windows to allow cross 
ventilation in each floor. Sleeping rooms were 
typically located on upper floors to take advan-
tage of land and sea breezes.

… Installing mashrabiyyahs as a unique sustainable 
solution that allows natural ventilation while 
providing the required privacy.

… ¡Using a structural skeleton of massive coral col-
umns, and with wooden floors and roofs.

Hijaz and its strong ties with international trade 
lines and pilgrims have influenced the way Hijazi 
societies live and build, resulted in importing 

some building materials and techniques not avail-
able locally (such as the concept of Mashrabiyyah 
which is an Egyptian influence), and in general have 
resulted in a superior quality architecture compared 
to other regions of Saudi Arabia (Taleb 2001).

The Mashrabiyyah installed on exterior wall 
were developed for two main functions; to provide 
privacy to the residents; and to naturally ventilate 
the interior spaces (Fig. 2a). The construction 
materials in Western region include coral stones, 
volcanic stones, wood, and gypsum.

2.2 Architecture of the Eastern Region

The coastal areas along the Arabian Gulf  exhibits 
extreme weather, during the summer months with 
persistent high heat and humidity. The main build-
ing material was coral aggregates coming from the 
Gulf  with walls that were plastered and painted 
white. The traditional house design was a court-
yard style with rooms opening on it, and arcaded 
verandahs around it. The buildings are distin-
guished from other regions in Saudi Arabia by fine 
gypsum decoration inspired by the Architecture of 
neighboring countries of the Gulf  and Iran. A dis-
tinct passive cooling technique using wind towers 
(locally called Badgeers) found in Iran, Bahrain, 
Qatar, and Emirates was also used in many build-
ings of the Eastern region (Fig. 2b).

According to King (1998) and Ishteeaque & Al-
Said (2008), a typical house in the Eastern region 
responded to climate harshness by maintaining the 
following characteristics:

… One to three stories height, with houses massed 
together to create narrow passages.

… Thick walls for greater heat resistant.

Figure 1. The Basic Equations for Regional Architecture 
in Saudi Arabia (source: Ishteeaque & Al-Said 2008).

Figure 2. Elements of Vernacular Architecture in Saudi 
Arabia„a: Western, b: Eastern, and c: Central (source: 
non-copyrighted images from the internet).
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… Layered roofing system of wooden beams, and 
palm trunks covered with palm leafs.

… Installation of wind catchers (Badgeers) to cre-
ate natural ventilation.

2.3 Architecture of the central region (Najd)

Typical houses of the central region (Najd) are 
introverted type where the house is built around 
one or more courtyards that are normally a pure 
geometrical form of either a square or a rectangle. 
The courtyard serves two functions: microclimate 
moderator and maintain the family life privacy life. 
As a microclimate regulator, the courtyard pro-
duce three air movement cycles in the house creat-
ing a desirable comfort level to the residents. This 
is because the fluctuation of temperature between 
day and night varies from 10c to 20c (Fig. 2c).

The traditional construction material in the Najd 
region was earth in the form of sun-dried mud bricks. 
The mud also used as a plastering material for internal 
and external walls which, in essence, proved suitable for 
the sandy weather since building colors remain unaf-
fected by the weather (Facey 1997). Walls are load-
bearing walls with limited small openings. External 
walls were thick (about 80…100 cm at the base) which 
acted as highly effective insulation from excessive heat 
in summer. The prominent features of Najd vernacu-
lar architecture can be summarized as follows:

… Houses are generally arranged around court-
yards that act as lungs of the houses to regulate 
the micro-climate.

… Houses have a compacted design where houses 
were built with shared sidewalls (sometimes from 
three sides) so they shade one another reducing 
the solar heat gain and glare.

… Small opening were arranged on the exterior 
walls to allow air circulation to the court while 
maintaining the privacy.

… Triangular-shape decoration and Sharfat on top 
of wall parapet are two prominent feature.

3 DISPLACED TRADITIONS: 
ABANDONING LOCAL/VERNACULAR 
TRADITIONS

During the past six decades or so, Saudi Arabia 
has given high priority to modernization, industri-
alization and urbanization. The rapid development 
and modernization in the Kingdom has resulted in 
major transformations in the economic, social, and 
physical environments. These dramatic changes 
have resulted in eroding and abandoning vernacu-
lar traditions, and particularly traditions related 
to vernacular architecture. Below is an outline and 
analysis of some aspects of the vernacular tradi-
tions that have been abandoned:

3.1 Building and zoning regulations

One of the main reasons that led to the disappear-
ance of the vernacular traditions in Saudi Arabia 
is the adoption of new Western building and plan-
ning regulations without taking into account the 
particularities of the region. Since early 1950s, 
Western building regulations and zoning ordi-
nances have been applied to the Saudi built envi-
ronment without any consideration for the region•s 
long traditions particularly the building regula-
tions history that extended to hundreds of years.

One of the earliest projects that has adopted the 
imported Western building regulations is al-Malaz 
project, a 500-acre satellite suburb near Riyadh 
completed late 1950s. Al-Malaz project has intro-
duced for the first time the gridiron and hierarchic 
pattern of streets, the square land lots, the setbacks 
on all sides of the lot, and ignored the local built 
environment traditions.

Since 1968, when Doxiadis started planning Riy-
adh, the Saudi government initiated tens of plans for 
most of the Saudi cities, based on Western Modern 
physical planning principles with little or no atten-
tion to the long planning and regulations of the 
Arab Islamic cities or to inhabitants• social and cul-
tural attributes. Since then, foreign urban planning 
concepts have been applied heavily and replaced all 
local planning regulations. These regulations, as we 
will show in coming sections, has changed the con-
temporary Saudi cities and led to the disappearance 
of Saudi vernacular traditions on a vast scale.

3.2 Building materials and construction methods

The movement of people from rural areas to cities 
has resulted in an unprecedented population growth 
in Saudi cities and urban centers. The level of urban-
ization in Saudi Arabia has increased from 10% to 
75% between the years 1950 and 1992 (Mubarak 
1999). To accommodate the rise in demand for new 
buildings, the government and large companies such 
as the national oil company ARAMCO (the Ara-
bian American Oil Company) had abandoned tra-
ditional building materials and turned to imported 
building materials and modern techniques. Contem-
porary manufactured building materials, imported 
design styles and building techniques have become 
the new paradigm; symbolizing modernity, pros-
perity, and social status. Furthermore, government 
modernization programs and media encouraged the 
adoption of the new imported building types, and 
the techniques and building materials associated 
with them (Fadan 1983). Till mid-twentieth cen-
tury, the Saudis used to build their buildings using 
natural construction materials (such as mud, stone, 
and wood) mainly obtained from the local environ-
ment and used according to traditional methods. 
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The vernacular traditions of construction, as 
detailed in Section 2 above, remained the prevailing 
approaches used in residential buildings until late 
1960s (Mubarak 1999). For example, by 1968, resi-
dential buildings built with mud comprised 46% of 
the Riyadh city compared to 34% built with cement 
block and concrete. In 1992, the percentage of resi-
dential buildings containing mud has dropped down 
to 1% (Mubarak 1999).

3.3 The Saudi house

The traditional Saudi house in many regions, an 
introverted complex build mainly of mud and/or 
stone, has remained the main type of residence in 
use until 1950. The detached villa and apartment 
buildings as new foreign types of residence were 
first introduced in 1951 by ARAMCO in its Home 
Ownership Plan in cities of al-Dammam and al-
Khobar, and in al-Malaz suburb of Riyadh built 
by the government during the 1950s. The villa has 
been adopted by the majority of the Saudi popu-
lation and became the popular residential type 
for the upper middle-class in the 1960s (Al-Naim 
2011, Al-Gabbani 1984).

The adoption of new imported residential types 
(villa and apartment buildings), building tech-
niques, and construction materials had changed 
the perception of the Saudis of the house and its 
requirements, and as a result, the traditional Saudi 
house was no more the preferred house solution 
(Boon 1982, Al-Naim 2011).

The current Saudi villa is a kind of hybrid; it 
is the imported Western villa appropriated to fit 
the Saudi family needs. For example, separate male 
and female reception rooms were built in the front 
part of the villa to accommodate traditional hospi-
tality and gender segregation. A family living area 
is introduced within the house for informal family 
activities instead of the traditional courtyard.

3.4 Courtyards and mashrabbiyah

In modern Saudi architecture, it is hard to find sur-
viving examples of traditional vernacular elements 
such as internal courtyards, Mashrabbiyah, wind 
towers, small openings, and shaded passageways. 
In addition to other functions, these traditional 
architectural elements has major role as passive 
cooling elements. These traditional passive cooling 
elements have been substituted by modern air cool-
ing technologies that enable an effective protection 
against the Country•s boiling heat and humidity.

The harsh weather of the country (for five 
months of the year, the temperature can range 
from 39…45 centigrade with close to 95% humid-
ity in coastal areas) make it a must to use cooling 
methods„either passive or active. While tradi-

tional vernacular architecture has used successfully 
well-established passive cooling techniques to 
modify the country hostile climates, modern archi-
tecture in Jeddah, Riyadh and other Saudi cities 
has ignored these passive cooling techniques, and 
turned toward unsustainable solutions of modern 
mechanical cooling systems.

The courtyard, an important feature of domes-
tic architecture in Saudi Arabia has almost dis-
appeared in modern times because of adopting 
inappropriate building regulations that allowed 
the building of high rise buildings near courtyard 
houses which violates the neighbor rights of pri-
vate life in the courtyard of his house. In modern 
houses, courtyard has been replaced by an outside 
space or garden in which privacy is lacking because 
of the small setbacks that cannot prevent neigh-
bors of seeing over this space (Al-Ibrahim 1990).

3.5 Loss of identity

Abandoning vernacular traditions in the Kingdom 
was so swift and on a vast scale during the 1950 
and 1960s. Many architects and researchers have 
pointed out the dramatic loss of identity in the 
Saudi built environment (AI-Naim 2011). Ben Saleh 
(1980) pointed out that •Recent buildings have lost 
their traditional identities and have become hybrids 
of exotic character in their architectural form, main 
concepts, arrangement of spaces, organization of 
elements, and building techniques employed.Ž

Abu-Ghazzeh (1997) has pointed out that mod-
ern architecture in Saudi Arabia is seem to be 
•culturally destructiveŽ. He criticized the desire of 
Saudi architects to reflect images of economic and 
technological development through the adoption 
of Western images and designs. Other research-
ers indicated that fascination by Western life-style 
have drawn Saudi attention away from developing 
a clear and concise understanding of the evolution 
of a traditional living environment (Fadan 1983).

4 RECENT FORMAL AND INFORMAL 
EFFORTS TO REVIVE AND REINVENT 
VERNACULAR TRADITIONS

As it is pointed out in previous sections, urban 
developments in Saudi Arabia during the 1950s 
till late 1970s has been characterized by abandon-
ing local traditions and adopting imported Western 
ideas. In 1980s things have changed. In an attempt 
to search for an identity for the Saudi urban envi-
ronment, several architects have adopted local as 
well as Arab-Islamic traditional elements and con-
cepts in their designs (AI-Naim 2011). These efforts 
somehow echoed postmodernism and regionalism 
movements, which are the prevailing international 
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architectural trends in that period. These approaches 
aimed at creating regional identity in architecture 
based on utilizing traditional or vernacular elements 
(See Figure 3). It worth mentioning here that foreign 
architects and engineering firms were the pioneers 
who introduced such approaches to Saudi Arabia.

In addition to formal architecture led by local 
and international architects, informal (popular) 
architecture in Saudi Arabia is also tended to utilize 
and incorporate lots of traditional elements. Using 
of traditional elements in architecture by ordinary 
people shows that they are interested in reviving 
and/or continuing the particular and the local. Con-
temporary popular architecture in Saudi Arabia is 
characterize by heavy use of architectural elements 
and vocabularies borrowed from vernacular tradi-
tions. Below we will outline and analyze some of the 
recent practices used to revive and re-invent vernac-
ular traditions in Saudi Arabia. These practices are 
as much the product of the clients as the architects:

4.1 Incorporating traditional elements

Saudi architects and ordinary people (as reflected 
in informal or pop architecture) have adopted 
and incorporated preexisting elements and treat-
ments from the traditional architecture of the vari-
ous regions in Saudi Arabia. For example, using 
sawtooth parapet, small triangular windows and 
some triangular relief decoration are very popular 
vocabulary in contemporary formal and informal 
Saudi architecture, especially in the central region 
(Fig. 3c & a). Mashrabbiyah (Fig. 3f) and wind 
towers (Fig. 3b & d) are other vernacular elements 

that have been used extensively in contemporary 
buildings. Although Mashrabbiyah and wind tow-
ers were originally designed and used in residential 
buildings, recent applications of them mostly were 
in commercial and public buildings and in some 
cases in houses of the wealthy.

Many of  those applications are aimed at main-
taining the Saudi identity in the built environ-
ment (Boon 1982, Al-Nowaiser, AI-Naim 2011). 
The argument is that through using local ver-
nacular elements in contemporary Saudi urban 
environment, a genuine local identity will be cre-
ated. The resulting architecture is usually called 
neotraditional architecture as it aims to invent-
ing or re-inventing the past traditions. However, 
as we will point out latter, this neo-traditional 
approach has been criticized by many architects 
and researchers for the bad /unskillful use of  tra-
ditional elements.

4.2 The use of earth and other natural materials 
as construction or finishing materials

As part of the efforts to revive local traditions, 
there has been some attempts to expand the use 
of local materials such as sand, mud and stone. In 
these contemporary attempts, mud has been used 
as construction material or as finishing material. In 
the latter approach, the building will be a modern 
one with a steel or concrete structure that enable 
large span spaces. However, the exterior facades 
of the building are finished with mud to give it a 
traditional appearance. Furthermore, since mud 
tends to erode badly with rain, in many cases it will 
be sprayed with a thin coating of transparent poly-
mer to make it waterproof.

In Saudi Arabia, the efficient use of the earth•s 
resources is not a luxury, but a necessity. Four fifths 
or more of the country is barren desert. Scarce 
water resources and a population which is one of 
the fasted growing of the world make the region 
most vulnerable to climate change. Work with 
mud needs skills that have disappeared since long 
time. To build local capacity, Al-Turath Founda-
tion (a non-governmental organization promotes 
traditional architecture) has conducted continuous 
training programs to train skilled workers in mud 
construction.

In late 20th century, local natural stone has been 
used extensively. Local stone from Riyadh and 
other regions has been commercialize as a local 
construction material and is being used more and 
more in residential and public buildings. Another 
approach that has been used is to give buildings the 
color of sand or mud.

The rational is that using colors of local tradi-
tional materials such as sand, mud or stone gives 
the building a local character.

Figure 3. Examples of contemporary buildings that uti-
lize vernacular elements (source: non-copyrighted images 
from the internet).
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4.3 The use of courtyards

The central court has been reintroduced in many 
contemporary governmental, commercial and resi-
dential buildings (Fig. 3e). However, since these 
buildings are entirely air-conditioned, in most cases 
the courtyard has been enclosed and separated by 
glass walls with doors to access. In other cases, the 
courtyard is covered by a roofing structure or sky-
light and thus becoming an internal space within 
the building. In both cases the courtyard has lost its 
social and passive cooling purposes. In addition, the 
courtyard is used in commercial, public and govern-
mental buildings but rarely in residential buildings, 
which was the context in which the courtyard con-
cept developed in Saudi Arabia (Al-Ibrabim 1995).

4.4 Critic for applied approaches

Many researchers have criticised the above listed 
approaches for reviving or re-inventing the Saudi 
traditions for their tendency towards superfici-
ality and sheer visual attractiveness (AI-Naim 
2011). They have been criticized as icongraphic 
approaches that aim toward •packaging tradi-
tionŽ and applying it to the surfaces of buildings 
that were in essence modern and unrelated to 
local traditions. The critics claims that the inter-
est in issues of iconography and appearance had 
diverted attention away from the important issues 
in architecture and the built environment toward 
trivial matters of surface. In Saudi Arabia, those 
approaches has resulted in many cases in kitsch 
•bad tasteŽ architecture.

Another critic for those approaches is that in 
many cases the traditional elements incorporated 
were used in the wrong context. For example, the 
use of Mashrabbiyah in office and public build-
ings and in hot arid regions has been criticized by 
many researchers as the Mashrabbiyah was origi-
nally used to provide privacy to females in residen-
tial buildings, while keeping the windows open for 
breeze in hot humid regions. Wind towers also used 
in many buildings without any functional purpose. 
Furthermore, in many cases, traditional elements 
from one region are used in another region, while 
in other cases a mixture of vernacular elements 
from different regions are used in one building. 
Thus those approaches have isolated form from 
production and meaning; that is they are unable to 
reconcile form with content. The main purpose of 
such approaches remains to create local character 
regardless of the fit of the treatment to the context 
or whether this treatment is functional or not.

One way to overcome such problems within those 
approaches is to relate and associate them with deep 
understanding of the relationship between space 
and people, rather than just being led by nostalgia 

for the past. That is more efforts should be given 
to understand how spaces are utilized, justi�ed, and 
re-justi�ed by contemporary residents and users. 
Ismail Serageldin (1989: 58) suggested that •the 
issue is not whether the structure conforms exactly 
to the criteria of the past; it clearly cannot do so and 
remain relevant to today•s concerns. Instead, the 
issue is whether the designer has learnt the lessons 
of the past, internalized them, and used them as an 
input, although partial, in defining the solution to a 
contemporary problem for contemporary clientsŽ.
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ABSTRACT: This article will attempt to investigate Jordanian vernacular architecture which distin-
guishes itself  by the use of various architectural typologies and materials according to the various geo-
morphological features of the country. Travelling throughout Jordan, it becomes evident that not much 
has remained of this architecture which until a few decades ago represented the cultural identity of the 
local civilization and its bond with the territory. It is therefore vital to document said architecture and 
attempt to activate recovery and rehabilitation programs of what remains. This research was conceived 
during a trip to Jordan. A local guide was employed to travelled across the country in order to discover, 
observe and analyse various traditional architectures with an aim to better comprehend construction 
processes and differences between settlements. Next, a search and study of what little existing scientific 
literature remains was performed in order to compare, extend and confirm the collected information.

products of globalization and completely detached 
from the environmental and climate context.

The reasons behind such neglect can probably 
be found in history.

During the Ottoman empire, which ruled over 
four centuries (1516…1918), a rather weak admin-
istration gave way for the decline of many towns 
and villages. Agriculture struggled and families 
and tribes moved frequently from one village to 
another in search of better fortune. The population 
level continued to fall until the late 19th century, 
when Jordan received several waves of immigrants 
from Syria and Palestine, as well as from Muslim 
Circassians and Chechens further to the north.

In more recent times, like in many other coun-
tries, the old settlements were abandoned, since 
they represented a way of life that no longer exists 
in our modern day. Locals have replaced agriculture 
with other occupations that provide better sources 
of income, or have moved to the cities, again seek-
ing better income (Mahadine, 1997) and in search 
of a modern house, with a modern facilities, appro-
priate for a modern life (Khammash, 1986).

Today, old settlements are usually called kirbeh, 
which means •the ruinŽ and reflects their current 
status (Al-Nammari, 2003).

2 VERNACULAR ARCHITECTURE IN 
JORDAN

Jordanian vernacular architecture has, however, 
existed. Rich and very diverse, thanks to knowledge 
now lost on architectural landscape integration in 
response to different environmental and climatic 

1 INTRODUCTION

Jordan lies in the Middle East, in a region histori-
cally known as Fertile Crescent. Due to its central 
position between West and East and its rich his-
tory of conquests, Jordan is crossroad of various 
cultures. Its current population is constituted by 
native Jordanians, Palestinians, Iraqis, Syrians and 
Lebanese. It also has a small percentage of Cau-
casians …(Circassians, Armenians, Chechen), who 
fled from their war ridden countries. Jordan is a 
good example of religious integration. Given the 
above ethnic diversity of its population, the main 
religion, Muslim Sunni, coexists peacefully with 
Christianity in its numerous variations (Greek-
Orthodox, Catholic, Orthodox, Syrian, Coptic, 
Armenian Apostolic and Armenian Protestant).

Currently, Jordan is marked by three major 
geo-morphological zones. The desert, which occu-
pies 60% of the country; the Jordan Valley, which 
separates Jordan from Israel and Palestine and is 
the country•s sole fertile area; and the Transjor-
dan highland, where the main modern and ancient 
urban centers are located.

Most of its archaeological sites and historical 
and religious monuments are well preserved and 
welcome countless tourists. Unfortunately, how-
ever, little is preserved of •popularŽ architectural 
heritage, i.e. the kind related to ordinary life and 
to rural heritage.

Travelling across Jordan, one may see that tra-
ditional or vernacular architecture has almost 
disappeared; it has been replaced by more recent 
architecture. This result is generally of bad quality 
due to widespread poverty, built with industrialized 
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features as well as economic activities (mainly agri-
culture and livestock) by semi or wholly nomadic 
cultures which still exist today.

The use of local and easily accessible materi-
als (earth, stone and wood) lay testimony to the 
human ability to adapt to harsh local conditions, 
such as a very hot and dry climate with scarce 
water resources.

What has survived of Jordanian vernacular 
architecture is generally a rural type architecture, 
where living spaces are one with crop conservation 
areas and animal shelters. Where the presence of a 
courtyard plays a important role for outdoor activ-
ities and represents an extension of the home.

Many villages were founded in the early nine-
teenth century when the Ottoman Empire promoted 
agriculture in Bilad al Sham (Greater Syria) in order 
to compensate a shortage in agricultural produc-
tion from the Balkans, at the time subject to politi-
cal unrest. With an aim to promote agriculture, the 
•Land CodeŽ was initiated in 1858. It became man-
datory to register all cultivated lands whereas lands 
left unattended for more than three years would be 
confiscated by the government (Daher, 1999).

Vernacular architecture still exists. It is possible 
to recognize various typological solutions accord-
ing to three territorial areas (the desert, the Jordan 
River Valley and the Transjordan highlands) and 
the availability of materials.

Unfortunately, only a limited number of the old 
settlements are still inhabited (usually by senior 
individuals) and many homes have been converted 
into storage burns (Khammash, 1986).

2.1 The desert house

In the desert the traditional house is a tent. It has 
been used for thousands of years by Bedouin pop-
ulations (both nomadic and semi-nomadic) who 
live primarily raising livestock such as sheep, goats 
and camels.

The tent, made of dense animal-fiber cloth and 
supported by wooden poles, protects from both the 
sun and occasional but extreme torrential rains, 
and maintains a comfortable inner temperature, 
especially during scorching hot days.

Tents come in variable sizes and are usually 
divided into several rooms (from 2 to 6 depending 
on family and husbandry size). While tent rooms 
may have a variety of uses (such as hosting animals 
or guests), they do not necessarily have a fixed use.

During the day, when protection from sand-
storms is not necessary, one of the tent•s longer 
sides is kept open, in order to provide natural ven-
tilation. Two fires are generally lit inside, one in the 
women•s kitchen and other in the •living roomŽ, 
where men lie, or talk business with a hot pot of tea 
(Pizziolo and Cataldi, 1985).

2.2 The villages of the Transjordan highlands

Before the establishment of Jordan as an inde-
pendent state in 1946, the Jordanian population 
was mainly composed of semi-nomads who settled 
in villages (Al Haija, 2012).

Implementation of the Ottoman Land Code 
(see paragraph 2) produced a gradual stratification 
of the village community into two groups. Namely, 
landowners (mellakin), who first settled in the vil-
lages and were able to register most nearby lands; 
and share-croppers (fellahin), who worked the land 
for the landowners and who on rare occasions were 
able to register some land of their own.

In many settlements there was also a strong con-
nection between cadastral patterns and power rela-
tions on the one hand, and architectural patterns 
and village morphology on the other. Mellakin 
families resided at the highest levels of the village, 
building beautiful courtyard-style houses with elab-
orate detailing and vaulted roof systems. Fellahin 
settled in small scattered houses in the lower parts 
of the village. A third social group also existed, land-
owning families who arrived later in the growth of 
the village and settled in an intermediate location 
between these two groups (Daher, 1999).

2.2.1 The fellahin house
The basic typology is constituted by a single rec-
tangular room with an approximate dimension 

Figure 1. A Bedouin tent in the Wadi Rum desert 
(Panoramio).

Figure 2. A basic fellahin house in Iraq Al Amir Village 
(Eliana Baglioni, 2010).
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of 400 cm × 600 cm and is divided into two areas 
by an •arch-wallŽ. The house is based on a single 
floor and has a flat roof. In many cases, an outdoor 
ramp allows access to the roof.

The perimeter walls are made of •dryŽ stone 
masonries, fitted without mortar. They are very thick 
walls, consisting of three layers (two external and 
one filler). The outsides layers are in stone masonry 
whereas the filler is of compacted earth mixed with 
smaller stones (Marino and Lodino, 1999).

Both exterior stone walls are variable in thick-
ness, are generally laid with care, have regular stone 
layers and have well interlocking between elements, 
at least at the corners.

While there are no transverse elements which fully 
cross the thickness of the wall from one side to the 
other, a number of stones generally reach beyond 
half the total thickness and are placed alternately 
between both masonry, thus allowing the interlock-
ing between the external walls and the earth fill, giv-
ing the wall more stability and ensuring structural 
collaboration between the three layers of the wall.

The internal masonry wall can also be built with 
smaller stones of irregular size; in this case it is 
usually set on a mud mortar and plastered with 
clay plaster.

The •arch-wallsŽ, called riwaq or gantara (Al 
Haija, 2012), are built with •dryŽ stone in a single 
masonry or more rarely with the same three-layer wall 
technique. The thickness can vary from 50 to 100 cm 
(Marino and Lodino, 1999). These arches occupy the 
whole extension of the room. The •arch-wallŽ is gen-
erally of the lowered type (more rarely constituted by 
two semi-circulars or centers) and has large sets that 
lock with the perimetral masonries. The •arch-wallsŽ 
effectively act as buttresses or form the base of the 
house-wall rather than being bonded into the house-
wall (McQuitty, 2007). Another important function 
is to decrease the light between the walls and allow 
the use of smaller wood beams for the flat roof.

With this system, niches are generated in the 
space between the •arch-wallsŽ which are in turn 
usually transformed into rawiyat, or silos for crop 
storage.

These areas are raised from floor level through 
lowered stone vaults and filled to the top with com-
pacted earth in order to obtain a flat surface. The 
space below the vault is used as a warehouse.

The silos is generally closed up to the ceiling 
by a thin stone masonry wall or wooden structure 
filled with earth and straw mixture and has only 
two small openings: a small hole at the base, where 
preserved cereals can be withdrawn and a hole in 
the roof, to introduce new material. The interior 
of the silos is completely coated with an earthen 
plaster with straw fiber: this implies that the plas-
ter must be laid before construction of the roof 
(Marino and Lodino, 1999).

Ultimately, much of the house is used as a ware-
house and various niches are located within the 
thick walls.

The area used as living room by day and bed-
room by night, called mastaba, is also raised from 
floor level. It is finished with a well-pressed dirt 
floor made of several layers by means of a rolling-
stone called madhaleh.

Sometimes, in order to ensure privacy, the bed-
rooms, mastaba, are separated from the others 
areas by a hanging carpet, called albjad (Al Haija, 
2012).

The area used for domestic activities, called 
qaalbeit, also has a dirt floor, executed with less 
care, or rarely also stone plates.

Furniture is very rare and is made of earth and 
straw mixtures and in organic forms such as small 
grain containers called khabieh (Al Haija, 2012).

These homes feature a single door, always placed 
parallel to the •arch-wallsŽ and, when present, a 
small windows opening in the upper part of the 
walls (Marino and Lodino, 1999). Finally, a small 
hole in the ceiling serves as a chimney.

The characteristic darkness and small dimen-
sions of the house are partly the result of the con-
servative culture of the inhabitants, where women 
are protected and not to be seen in public, and 
partly the result of the relatively short daily pres-
ence of men inside these shelters, as they spend 
most of their time grazing their livestock far away 
from the village (Al Haija, 2012).

This unit is considered as the basis for later 
house expansion depending on an increase in the 
number of family components and on financial 
capacity. (Abdelmajeed and Abdelaziz, 2012).

Starting from the basic typology thus far described, 
there are many variants or developments.

The first variation is represented by the presence 
of a larger home, where interior spaces are divided 
by 2 or a maximum of 3 parallel •arch-wallsŽ and 
where more than two families can live together. These 
houses can also contain special areas for domesti-
cated animals called mithwads (Al Haifa, 2012).

Figure 3. An •arch-wallŽ and interior of a fellahin 
house (Eliana Baglioni, 2010).
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The second variation are houses consisting 
of more •basic cellsŽ. These houses belong to 
extended families where each family has its own 
home and where some of the activities are carried 
out together. In other cases, they are homes where 
one or more families live but where functions are 
clearly separated in different cells (living spaces, 
external silos and spaces for animals).

A third variation consists in a distribution of 
the rooms around the inner courtyard, which has 
closed sides. This tipology is considered as one of 
the evolving patterns in the village, which indicates 
a high social status of its owner and a clear expres-
sion of his financial capacity. Generally, the patio 
appears in only one house within the village and 
is the house of the tribe leader (Abdelmajeed and 
Abdelaziz, 2012; Daher, 1999).

Most of the houses have an outdoor closed yard 
for some of the daily activities.

The outdoor courtyard almost always faces east 
and is surrounded by walls built with unworked 
small stone slaid without mortar to about two 
meters in height. The floor is paved with stones or 
is of dirt.

The courtyard is divided into very different 
areas where a manual mill (molar), an earthen 
bread oven (tin or tabun), an outdoor rest platform 
(mastaba), a cistern (birke), earthenware water 
containers (djarra) and niches used as warehouses 
may be found (Marino and Lodino, 1999). The 
courtyard contains all the materials and equipment 
required by the agro-pastoral family such as piles 
of dry grass, mangers, livestock water buckets and 
arbors of large twigs to accommodate livestock 
and protect them from sun and rain.

There are also spaces to store manure and cat-
tle dung used as organic fertilizers in agriculture or 
for heating (Abdelmajeed and Abdelaziz, 2012).

In the most simple houses where the courtyard 
is absent, some of these functions are performed 
on the roof, which is accessed by a ramp. The ramp 
is built with the same technique of the outer walls, 
or with two exterior stone walls with an internal fill 
in compacted earth.

Fallahin houses are isolated or in groups to form 
small neighborhoods.

In this second case, buildings are constructed in 
a compact form attached to one another and sepa-
rated by few narrow alleys.

Villages may also have communal latrines and 
shared bread ovens (taboun), used by all their resi-
dents (Al Haija, 2012).

2.3 The Jordan Valley house

The river Jordan is the only significant waterway 
in the country. It separates Jordan from Israel and 
Palestine and extends to the Dead Sea. The area 

near the river was always populated thanks to fer-
tile soil and rich agriculture.

The traditional houses of the Jordan Valley and 
the Dead Sea coast are usually isolated in the midst 
of farmland and are built with •adobeŽ, molded 
mud sun dried bricks. The choice of using mud 
bricks depends on the ready availability of clayey 
earth and on the high thermal inertia of this mate-
rial, which can maintain comfortable temperatures 
inside the house during hot days which can exceed 
50°C.

While these houses are single story, modular 
and flat-roofed, they nevertheless differ typologi-
cally from the stone houses of the highlands.

The base module is a square shaped room with 
a single entry from the outside and often also has 
small windows or openings.

Rarely do valley homes consist of only one 
room. On the contrary, they consist of 2 to 5 mod-
ules arranged •in-lineŽ, i.e. one next to the other. 
Each module has separate access from the outside 
and small internal doors which allow passage from 
one to the other.

The above conformation suggests a sharp dis-
tinction in the use of spaces. In many cases, one of 

Figure 4. A village in the region of Petra (Eliana Bagli-
oni, 2010).

Figure 5. Adobe house near the south coast of the 
Dead Sea (Eliana Baglioni, 2010).
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the modules has two sides fully open and operates 
as a covered patio which separates the house into 
two sectors. Namely, the home (kitchen, bedroom 
and living room) and the warehouse or animal 
shelter.

The mud brick walls have a thickness of at least 
50 cm and are built with a good tie between the 
bricks, albeit the connection between perpendicu-
lar walls is often missing.

The mud bricks are made of a mixture of clay, a 
little straw fiber and some gravel. The earthen walls 
are erected on a stone basis in order to provide pro-
tection from damp soil or (rare) floods The earthen 
mortar in the masonry appears placed with greater 
care at horizontal joints (between adobe courses) 
rather than at vertical joints.

The clay plaster is almost always present, 
whether internally or externally.

The richest houses, which belonged to the land 
owners, are surrounded by green trees which pro-
vide shade. These houses are more complex with 
rooms arranged around a central courtyard. In cer-
tain cases, rooms are subdivided by •arch-wallsŽ as 
in the fellahin house.

Valley houses are rarely surrounded by walls 
which close the patio and blend with the surround-
ing landscape.

2.4 Common construction technique solutions

Both the highland and valley houses present some 
constants in technology, which consist mainly in 
the use of a flat roof and clay plaster.

2.4.1 The flat roof
The roof is made of several layers and with various 
materials, each with its own function.

The roof structure is made by wooden beams 
(khashab) but may present variations, depending 
on a number of factors such as the amount of light 
to cover, the availability and type of wood.

It is possible to distinguish four types of 
structures:

… single order structures with beams ranging from 
wall to wall or from wall to "arch-wall" with a 
25 cm wheelbase;

… double order structures with a central beam 
from wall to wall and small section perpendicu-
lar beams with a 40…60 cm wheelbase;

… double order structures with a double central 
beam and small section perpendicular beams;

… a framework with small section beams ranging 
from wall to wall in both directions.

The available wood generally consists in irregu-
lar trunks of limited section, which are unworked 
and provides the appearance of a particularly dis-
ordered structure.

First-order beams (main beams) have a circu-
lar cross section varying from 18 to 25 cm and no 
more than 3 meters in length. For the second order 
(secondary beams), branches are used. These are no 
more than 2.5 m long with an 8…12 cm section. The 
most commonly used species are pine (snobar), a 
local tree found in the southern desert areas (ar•ara), 
juniper, poplar (hawr) and sometimes oak (ballut).

Above the wooden structure there is a frame-
work (hadjizz) which consists of parallel reeds 
(qassaba) forming a flat surface, in turn stiffened 
by a transversely placed rod. Such frameworks are 
worked on the floor and then placed on top of the 
structural beams.

A layer of thorny plants (ballan) are placed 
above the hadjizz. These have the function of pro-
tecting the reeds framework from mice and avoids 
direct contact between reed and layer of com-
pacted earth realized above them. This practice is 
more widespread in south-central Jordan and in 
some cases directly replaces the reeds framework.

Sometimes, in order to better protect the struc-
ture, small branches of oleander (duffla) are used 
instead of thorny plants. These possess very fibrous 
and poisonous leaves and last well overtime.

The most evident element of the roof is a layer 
of pressed earth (trab), mixed with straw and, 
sometimes, gravel and small stones. The damp 
earthen mixture is compacted through stone rolls 
(mahdaleh) or by use of hands and feet. The total 
compacted earth layer can reach over 40 cm of 
thickness with a weight of 400…500 kg/m2 and 
produces excellent natural insulation and thermal 
comfort inside the house. The same cannot be 
said of new concrete decks or zinc plates that are 
spreading across the country.

In order to protect the compacted earth layer, 
a final layer of fine grained water-proof plaster is 
laid. This is called tawf (Marino and Lodino, 1999) 
or samag (Al Haija, 2012). This final plaster is pre-
pared directly above the roof and is placed on top 

Figure 6. A courtyard adobe house near the southern 
coast of the Dead Sea (Eliana Baglioni, 2010).
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of the perimeter walls. It is a layer which is subject 
to rapid deterioration and hence needs constant 
maintenance that involves having to lay a new layer 
every year before the rainy season. The compacted 
earth layer, on the contrary, requires maintenance 
every 3…4 years (Marino and Lodino, 1999).

2.4.2 The clay plaster
Today, many houses no longer have plaster on the 
exterior. Traditionally, however, they were covered 
by a clay plaster (trab) mixed with straw (qash, 
tibn). Progressive abandonment and ensuing lack 
of maintenance have resulted in natural deteriora-
tion and in some cases the plaster has completely 
disappeared.

The main function of the plaster is to protect 
the walls from the rain.

The traditional plaster is composed of three 
overlapping layers. The first layer is made up of 
a mixture of clay and small gravel, screened by a 
wide-mesh sieve to remove vegetation and larger 
gravel, and directly placed by hand on the wall in 
order to close all irregularities. Hence, the thickness 
of the first layer may vary greatly from one point 
to another and can reach 4 cm. The second layer 
is made of fine sieved earth mixed with chopped 
straw, which limits rupturing of the clay plaster 
and is about 2 cm thick. A final finishing coat is 
passed into several •layersŽ when the second layer 
is completely dry (Marino and Lodino, 1999).

3 CLOSING REMARKS

It appears clear that vernacular architecture such 
as the above represents richness and wisdom that 
ought to be preserved and revitalized notwith-
standing the fact that only a small part of these 
villages remain to this day inhabited.

These few inhabited houses belong to the poor-
est sectors of the population and suffer from lack 
of maintenance. Many houses have been aban-
doned and are gradually turning into ruins (khir-
beh). Others are used solely as animal shelter. This 
state of abandonment can be primarily traced 
back to a choice made by the original inhabit-
ants to live closer to major cities or in •modernŽ 
houses. Indeed, most vernacular buildings have 
been demolished and replaced by houses built with 
modern conventional materials. What is more, gov-
ernment policy promoted certain demolitions of 
vernacular architecture and subsequent allocation 
to newer modern houses in order to free archaeo-
logical sites of interest which had been re-inhabited 
by the local population (Daher, 1999).

The lack of adequate heritage preservation laws 
has led to the destruction and disappearance of 
countless historic buildings in Jordan. Attention 
to heritage has been paid by both local and for-
eign researchers solely for Roman and Nabatean 
archaeological sites such as Jerash, Um Qais, Petra 
and few others. These sites are currently only 
related to the tourist sector. Some villages have 
been enhanced with tourist facilities such as hotels 
and restaurants but have provided rather poor 
results and fail to ensure occupation for the origi-
nal inhabitants (Al-Nammari, 2003).

It is clear that the preservation and development 
of vernacular heritage requires that these houses 
adapt to new lifestyles. However, interest in recov-
ering vernacular architecture in turn requires trig-
gering cultural and socio-economic policies aimed 
at attracting people back to the countryside.
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ABSTRACT: the Fassa Bortolo International Prize for Sustainable Architecture in 2013 celebrated its 
first ten years. The initiative, launched in 2003, conceived and promoted by the University of Ferrara•s 
Department of Architecture and Fassa Bortolo company aims at supporting and promoting all those initi-
atives in Architecture field that take into proper consideration the environment, that focus on human needs, 
that satisfy our generations• necessities without limiting, polluting and mindlessly consuming future gen-
erations• resources. The paper aims at presenting some of the very different contributions that in the past 
years came from every part of the world highlighting an important fact: the solutions and the submitted 
projects reflect new goals and approaches that mirror the local realities. These local initiatives, permanently 
tied to the geographic, topographic, environmental, all linked to vernacular solutions can show new and 
more affordable approaches to manage energy in terms of natural light and overheating protection.

curricular component for the development of the 
young professionals• knowledge and skills.

1.2 International prestige

The growth of the initiative has been exponential: the 
Prize attracted a growing number of international par-
ticipants such as Dominique Perrault, Baumschlager 
& Eberle, Sauerbruch Hutton, Eduardo Souto de 
Moura, Kengo Kuma, Shigeru Ban, Christoph Ingen-
hoven, Georg Reinberg, Alejandro Aravena, Philippe 
Samyn, Diener & Diener, just to mention a few.

The board and the jury have also benefitted from 
such a growth in fame; past participants joined in 
a community which is still close to the initiative. 
Thomas Herzog, Glenn Murcutt, Francisco Man-
gado, Francine Houben, Françoise Hélène Jourda, 
Michael Hopkins, Juhani Pallasmaa, Alexandros 
Tombazis, Wilfried Wang, Hermann Kaufmann, 
Matteo Thun, Luigi Prestinenza Puglisi, Brian 
Ford, Mario Cucinella are just few names of the 
aforementioned supporters.

2 VERNACULAR INSPIRATIONS

2.1 The vernacular influence on contemporary 
architecture projects

Past years• very different contributions from differ-
ent parts of the world highlight an important fact: 
the majority of the submitted projects advanced 
solutions that were closely linked to the respective 
local realities.

1 BACKGROUND

1.1 Introduction

The International prize for Sustainable Architec-
ture, now at its eleventh edition, was first awarded 
in 2003 to celebrate the important 10-year mile-
stone since the foundation of Ferrara School of 
Architecture.

Conceived and promoted by the School itself and 
the Fassa Bortolo Company, its spirit and aims are 
to contribute to the research, within the building sec-
tor, of a more sustainable system of development. 
Regrettably, our current model has lead the Earth 
to a state of deterioration and pollution, bringing 
us to the verge of a global ecological crisis, hence the 
need for a valid alternative. Counting for each edi-
tion more than one hundred submitted projects, the 
Prize has now become one of the most important 
European events for sustainable architecture.

The Award is a testament to the outstanding 
growth of the sustainable approach toward archi-
tecture in Europe and it contributed to the wider 
propagation of an ecological conscience. The 
young professionals who received the prize are 
nowadays among the best European architects in 
the sustainability field.

Slowly, but constantly, the Award became inter-
nationally renowned within many academic circles 
and, thanks to the numerous submitted entries, ini-
tiated an ongoing change inside university depart-
ments. If  in a recent past sustainability played only 
a secondary role and was not taken on by the facul-
ties• best design chairs, nowadays it is a necessary 
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These local initiatives, which are defined as ver-
nacular solutions, are inevitably and permanently 
tied to the geographic, topographic and environ-
mental features of their land of origin; nonetheless, 
they have he capacity to showcase new approaches 
to a more efficient energy management, especially in 
terms of natural light and overheating protection.

This new architectonic regionalism is driven by 
solutions developed in different areas and medi-
ated by different authors, whose creative capacity, 
designing skills and knowledge originated from 
vernacular traditions.

2.2 Traditional materials and new technologies

The Club House, awarded in 2010 and designed by 
Shigeru Ban and Kyeong Sik Yoon, is an example 
of how we can improve the way we use traditional 
materials in new, more efficient ways. The building, 
located near Seoul, comprises three buildings. One 
of these, the regular members• clubhouse, has a 
wooden hexagonal grid shell on the roof. This con-
cept of hexagonal pattern, ecological and naturally 
ventilated takes as reference the Korean traditional 
summertime pillow: the so-called •bamboo wifeŽ).

This wooden structure is fire-resistant and the 
roof and columns are exposed in the interior spaces. 
Using the most advanced computers and cutting 
machines technology the designers were able to find 
the most efficient structural form and minimized the 
assembling process and quantity of timber.

Although the design was developed through 
innovative research, it•s based on practical princi-
ples. these result from careful analysis of the points 
of reference to the local building tradition. Beyond 
of its uniqueness, the project therefore reflects 
some aspects of local traditional architecture.

This development of a new timber structural 
system will encourage architects, engineers and 

clients to utilize traditional materials such as wood 
in future sustainable buildings.

2.3 Traditional shapes and local landscape

Located at the confluence of the Limpopo and 
Shashe Rivers, in northern South Africa, the 
Mapungubwe Interpretation Centre by Peter Rich 
architects celebrates the site of an ancient, yet 
technologically advanced, trading civilization in 
the context of its natural setting.

The complexity of such a rocky landscape was 
both the inspiration for the design and the source 
of the construction materials of the new Interpre-
tation Centre; the resulting product is a composi-
tion of structures that are authentically rooted in 
their location.

The building, set at the foot of a mesa at the 
park entrance, is visually contained by three hol-
low cairns that evoke rock route-markers, com-
monly found in Southern African cultures.

Tile vaulting, a simple expression of natural 
forces and materials, is used to construct dramatic 
cave-like spaces.

From a distance, the undulating rock-clad vaults 
blend into the landscape; while approaching, the 
thin arched edges are exposed, so that the vaults 
seem to billow out of the earth.

Delicate walkways create zigzagging ramped 
paths that winds through the complex and its exhi-
bition spaces, gently climbing the mesa to its high-
est point, providing the visitor with an array of 
experiences and views, and evoking the complexity 
of the social interactions among the many cultures 
that crossed the land.

The project•s agenda extends beyond the presen-
tation of the area•s history, to awake an understand-
ing of the vulnerability of the local ecology. These 
objectives are made explicit by the construction 

Figure 1. The international jury members since 2004 
(image: University of Ferrara).

Figure 2. Haesley Nine Bridges Club-House by Kyeong 
Sik Yoon + Shigeru Ban: natural lighting and ventilation. 
A remarkable example of traditional materials and new 
technologies (image: KACI international).
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process of the centre; unemployed local people 
were trained in manufacturing stabilized earth tiles 
and in building the vaults. This type of vaulting 
extends the Valencian tradition of tile vaulting: 
from load-bearing masonry to lightweight, struc-
turally strong and durable buildings.

Thanks to the structural efficiency of this form, 
the stresses in the substrate material were low so 
that fired-clay bricks could be replaced by less 
energy-intensive stabilized earth tiles.

The tiles are made of local soil by local women, as 
part of a client-sponsored poverty relief initiative.

The lack of steel reinforcement simplifies con-
struction processes, lowers costs and reduces 
embodied energy.

The vaults are built with minimal support, using 
simple, bent, guidework plywood; saving time, 
money and resources on formwork; and enabling 
local low-skilled workers to be engaged in the 
building progression.

The largest free-form vaults span 14.5 m with a 
vault of 300 mm thickness. The thermal mass of 
construction and high surface area of the domed 
form helps dissipate the thermal shock from the 
hot climate. In addition to being structurally 

efficient, simple and environmentally sustainable, 
tile vaults have great advantages of application in 
developing areas.

2.4 The urban-pattern lesson

The Museum of Handcraft Paper (by TAO archi-
tects) is located under the Gaoligong Mountain of 
Yunnan, a world ecological reserve in southwest 
China, next to the Xinzhuang village, which boosts 
a long tradition of handcraft papermaking.

The project is part of the plan for the preserva-
tion and the development of traditional resources, 
according to which papermaking will be preserved 
as cultural heritage and will contribute to commu-
nity growth.

This museum, located next to the main entrance 
to the village, consists of an exhibition space, a 
bookstore, a work-space and some guest rooms. It 
is conceived as a micro-village, a cluster of several 
small buildings whose proportions are consistent 
with those of the adjacent village and the sur-
rounding landscape.

The spatial concept is to create a visiting experi-
ence that alternates between indoor exhibition and 
outdoor landscape, and to raise awareness about 
the inseparable relationship between papermaking 
and environment.

The design is aimed at making a building rooted 
in local environment. The construction goal is to 
maximize the employment of local builders and the 
usage of local materials, construction method and 
traditional craftsmanship. Yet, it also employs the 
modern materials and technique that are available 
within the local context. Thus, the construction 
of the museum will represent both a preservation 
and a transformation of local building traditions. 
It is an architectural attempt of combining mod-
ern qualities with regional character, by using local 
resources and suitable techniques in the rural con-
text of contemporary China.

Figure 3. Mapungubwe Interpretation Centre by Peter 
Rich architects (image: Michael Ramage).

Figure 4. The Valencian tradition vaulting (image: 
Michael Ramage).

Figure 5. Museum of Handcraft Paper by TAO archi-
tects, in China (image: TAO architects).
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The building is designed with a traditional Chi-
nese, structural wooden system featuring nail-less 
tenon (SunMao) connection, which can be skill-
fully built by local builders. Local materials such as 
fir wood, bamboo, volcano stone, and handcraft 
paper are used for the exterior finish, the roof, the 
floor and the interior finish respectively. With time 
and the exposure to the elements, these materials 
will worn out and fade into a more harmonious 
color with the landscape. These living materials 
hint towards the perception of time on buildings.

The form and details of the building is conceived 
in response to the views, the natural light, and the 
climate. In the galleries, the breeze blows through the 
porous stone placed at the bottom of the exterior wall 
for ventilation. The wall is free of operable windows, 
thus allowing more wall area for the exhibition.

The openings on the wall are purely to catch a 
glimpse of the outside. A single piece of glass, fixed 
in the opening, turns it into a picture of the land-
scape. The high windows on the gallery side-wall 
introduce natural light into the exhibition space, yet 
avoiding the glare at eye level. The handcraft paper 
on the interior finish is applied on a wood frame in a 
45 cm by 45 cm square module (limited by the paper 
size) and ensures that the wall remains smooth.

The exhibition niche layout based on this module 
is integrated into the wall. This creates a soft and 
warm atmosphere, and keeps the space abstract.

The construction was completed by a team of 
local farmer builders on the basis of he architect•s 
models in various scales. Since the builders are 
not used to read the working drawings but they 
work rather efficiently through visualisations, the 

models served as a means to communicate the spa-
tial structure and to clarify concepts in detail.

2.5 Local skills need to be enhanced

Anna Heringer•s project based in Rudrapur, a vil-
lage in North-Bangladesh, seems to highlight the 
importance of taking advantage of local skills and 
manpower. In this area, poverty and the lack of job 
opportunities drive many people from the country-
side into the cities, where the villagers often end up 
in slums. The local NGO Dipshikha endeavours to 
offer the rural population some perspectives and 
support, and to understand the value of their place 
of origin in all its complexity.

The aim of the project was to use local resources 
of energy (manpower, sun) and materials (earth, 
bamboo), as well as skills (local craftsmen), and to 
bring them to a higher level of development with 
regards to comfort, durability and complexity in 
craftsmanship and design. Through this approach, 
the economical benefit remained within the imme-
diate region and its small markets, craftsmanship 
became more important and valuable, and the 
local cultural identity was strengthened.

The building is a vocational school for electrical 
training and houses two classrooms, two offices, and 
two residences for the school instructors. The project 
showcases a reasonable balance of high tech and low 
tech: very basic building methods are combined with 
modern, alternative energy power systems.

Figure 6. Plan of Museum of Handcraft Paper by TAO 
architects, in China (image: TAO architects).

Figure 7. Museum of Handcraft Paper by TAO 
architects, in China, workshop spaces (image: TAO 
architects).
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This strategy is within financial reach also for 
developing countries and displays a high level 
of self-sufficiency. It represents an attempt to 
achieve a radical energy efficiency in all the build-
ing phases: from its production, during its usage 
and to its decay. The only energy needed for the 
production and construction was exerted by about 
twenty-five tractor journeys of five kilometer and 
by the charging of four drilling machines• bat-
teries. Anything else was water, buffalo, or man-
power. Because the building is passively heated 
and cooled, and because it optimizes natural light 
and ventilation, the relatively small solar panel and 
battery system provide 100% of the required power 
while the building is in use.

Since the building materials are mainly made 
of earth (load-bearing earth walls, rammed earth 
floors, earth plastering) and bamboo (ceiling, 
roof, partly walls), the building is almost entirely 
compostable.

A solar thermal heating system provides warm 
water. Solar panels also directly power a motor 

which pumps water from a well into the water 
tank. The toilets have their own two-chamber 
septic tank. This is the first time that sanitary 
units have been built into earth houses in Bang-
ladesh, demonstrating that mud and bamboo are 
flexible enough to accommodate modern life-
style requirements. In order to change the popu-
lar conception that earth and bamboo are •the 
materials of  the poorŽ, the DESI building shows 
an attractive alternative to the brick and concrete 
houses that are becoming the trend. The profit 
from the construction budget remained with the 
local people, because of  the labour-intensive 
building method, sided with comparatively low 
material costs. The building process was also 
accompanied by the specific training of  twenty 
local craftsmen.

The profit from the construction budget 
remained with the local people, because of the 
labour-intensive building method, sided with com-
paratively low material costs. The building process 
was also accompanied by the specific training of 
twenty local craftsmen.

3 CONCLUSIONS

3.1 The strong relation between ecological 
approach and vernacular

An ecological approach applied to the study of 
vernacular buildings reminds us that the layout, 
the construction and the use of human dwell-
ings are based on a wide range of factors. They 
are related to lifestyles and values concerning the 
social organization of households and communi-
ties. In principle, the local, human-made environ-
ment is meant to reflect the order of the universe, 
which in turn aims at guaranteeing its sustenance.

Currently, as the indigenous know-how of tra-
ditional building methods declined, the impact 
on the construction of the built environment, 
together with the consumption of materials and 
energy, increased significantly. Nowadays there are 
choices between traditional materials and meth-
ods, and synthetic materials and new technolo-
gies: the former usually enable the use and reuse 
of renewable resources, whereas the latter require 
more energy and more specialized expertise. Most 
modern materials and methods may produce more 
unintended ecological costs that the human popu-
lations will have to absorb in the future. Inadequate 
responses to current ecological, economic and 
social problems are due to a number of reasons. 
These reasons include misconceptions about peo-
ple-environment relations, inappropriate practices, 
and the lack of a collective project for the common 
good of current and future generations.

Figure 8. DESI project by Anna Heringer, Bangladesh: 
manpower as local resources for energy (image: Anna 
Heringer).

Figure 9. DESI building by Anna Heringer, Bang-
ladesh: local resources and techniques (image: Anna 
Heringer).
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3.2 Education for a more green future

Individual and community awareness, education 
and consciousness are the prerequisite for a public 
commitment to the redefinition of goals and val-
ues that ensure a more balanced use and a more 
equitable distribution of all kinds of resources. It is 
important to teach young students (and this is why 
we still keep the Award very close to the academic 
curriculum at the Ferrara School of Architecture) 
about the mechanism that sustain human beings, 
which depend on their capacity to adapt to chang-
ing local conditions, such as climate and the avail-
ability of resources.

A human ecology perspective stresses that adap-
tive processes for sustaining settlements are based 
on both ecological principles and cultural practices.

Students and researchers must understand and 
be very aware that any given human habitat is also 
a small part of a much larger region that has inter-
related sets of indigenous, ecological, biological 
and cultural characteristics. No site of an existing 
or future construction should be interpreted in iso-
lation from all these characteristics.

Therefore, cultural views such as the ones rep-
resented by the International Prize for Sustainable 
Architecture can serve as vehicle for identifying 
and illustrating best practices related to vernacular 
aspects.
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ABSTRACT: This paper complements the information presented at the CIAV2013 on vernacular build-
ings in northern Portugal, and addresses the topic of masonry walls in the rural areas of the northwestern 
Portuguese coastline. These walls are structural schist masonry constructions, built using ancient tech-
niques and locally available resources. The result is a territory built for agricultural exploration, and a 
landscape imprinted with past social hierarchies and structures. Using the information gathered by the 
fieldwork study, the paper will present studies on masonry walls with different morphologies, construction 
materials and building techniques employed. The information presented aims to contribute to enlighten 
researchers and technicians about these building specificities, to increase the scarce available literature 
about schist•s potential as construction material, and to enhance the importance of the cultural value of 
this particular kind of heritage.

1 THE VERNACULAR MASONRY WALL

The vernacular masonry walls represent one of 
the most characteristic and important heritage of 
the Portuguese rural landscape. Built since imme-
morial times using empirical knowledge, by local 
populations and using locally available resources, 
they were used to establish limits, do define prop-
erty boundaries, but also to shape and improve the 
landscape, making it more suitable for agricultural 
and forestall production. The Portuguese north-
western countryside along the Atlantic coastline, 
also called riverside (Saraiva 1994), see Figure 1, is 
characterized by large plains, valleys and smooth 
elevation transitions, but also by its dense occupa-
tion marked by a past strict social and economi-
cal hierarchy. Small and medium size farms and 
property passed to the territory the existent social 
organization, by the overwhelming presence of 
vernacular masonry walls in the landscape.

In the border between the Portuguese north-
eastern territory the riverside becomes the moun-
tain (Saraiva 1994), see Figure 1, and the territory 
takes the shape of very steep mountains, with dras-
tic elevation variations and very narrow and deep 
valleys. In this territory, fertile land is scarce and 
resource optimization is a priority, making collec-
tive work and the community vitals to the survival 
of local populations. In this territory, vernacular 
masonry walls are mainly used to establish areas 
and paths, to guard and control herds, and spe-
cially to help shaping the land in order to get more 
usable farmland.

Figure 1. From the top: riverside rural landscape„
Barqueiros, Barcelos (study area) (41°29•6.46ŽN, 
8°43•43.43ŽW); mountain rural landscape„Sistelo, Arcos 
de Valdevez (41°58•54.88ŽN, 8°21•7.09ŽW); Study area•s 
limits on Portuguese military chart (C.E. Barroso et al.).
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2 STUDY AREA CHARATERIZATION

The study area, see Figure 1, is located in the south 
riverside area of the Cávado river, and its charac-
terized by abundance of fertile land and of water 
resources, plateaus, valleys and plains extending 
until the Atlantic ocean. Until the mid-20th cen-
tury, this area was exclusively a rural landscape 
densely explored by it agricultural resources, and 
occupied by small settlements composed either by 
more concentrated groups of farmhouses around 
a church or monastery, or by scattered groups over 
the territory.

In an effort to increase available resources, 
the farmland was prepared during centuries to 
increase its production capability by adding fore-
stall materials and manures to the land, but also by 
the removal of natural limits by building slopes, of 
irrigation systems and production buildings.

With the increase of agricultural production 
occurred over the 19th century (Ribeiro 1945), 
along with the economical resources brought by 
the brasileiros emigrants (Monteiro 2000), and 
the construction of new regional roads connect-
ing major cities, this territory gained in population 
and in wealth. It declined again in the first decades 
of the 20th century, leading in the 60 s and 70 s 
to an exponential growth of emigration phenom-
enon (Saraiva 1994). This new and very different 
emigration phenomenon to the center of Europe, 
imported different ways of life and vernacular log-
ics and hierarchies were progressively abandoned.

3 FIELDWORK

The information gathered in this paper was collected 
and analyzed during the fieldwork presented at 
CIAV2013 International Conference (Barroso et al. 
2013). The data was gathered by on-site observation 

and through geometrical and photographic surveys, 
interviews and the support of information from 
several rural studies and researches performed until 
the 1960s (Barroso, 2012).

4 VERNACULAR MASONRY WALLS 
TYPOLOGIES

The masonry walls in the study area were mainly 
built to perform two main functions, either to 
define limits between different functional areas 
of the same property or between different proper-
ties, or to protect private property from external 
threats. These walls could vary in height between 
very small height walls of just 0.4 m to 1.5 m, been 
smaller and with dry joints masonry in forestall 
areas, and in ordinary masonry in all other cases. 
Local vernacular masonry walls presented sec-
tions of around 0.4 m to 0.6 m wide depending on 
their height, with very shallow foundation or just 
the extension of the masonry to the ground, and 
capstones.

The smaller masonry walls (0.4 m to 1 m high), 
see Figure 2, were very frequent in forestall proper-
ties and in defining functional areas within farm-
houses• complexes like the threshing floor•s limits 
or cattle enclosure inside farms. Average height 
masonry walls (1 m to 1.5 m high), see Figure 2, 
were mainly built to establish the limits between 
different farms. These walls had better construc-
tion quality and were also used to separate farm-
land from public property like secondary roads.

If  visual and intrusion protection were the main 
concerns, high masonry walls were built (1.5 m to 
over 2.5 m high), see Figure 2, particularly from the 
19th century onwards, beneficiating from the good 
economical moments at the time. These walls were 
more elaborated and with superior quality build-
ings, that required a good economical capability, 

Figure 2. Examples of different masonry wall•s morphologies. From left to right: small dry joints masonry wall in fore-
stall area; average height masonry walls along rural road; high masonry walls along main road (C.E. Barroso et al.).
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specialized workers and ashlar stones for openings 
and turnings• reinforcement.

They presented a shallow foundation, a good 
quality fabric to the public space but with inferior 
fabric•s quality to the property side, and also good 
quality and elaborated capstones with different 
shapes. Due to the increase quality of these high 
masonry walls, in a resource optimization effort, 
it was frequent to integrate them in new buildings 
like sheds or cattle facilities.

When needed, these higher walls were also used 
for vineyards• support inside the farm or over less 
important roads, by placing masonry supports on 
the capstones. The vernacular masonry walls stud-
ied were also used to help shape the territory. In 
order the cultivate maize or cultures that required 
constant irrigation or simply to increase the avail-
able production area, supporting terrace masonry 
walls were also built. These walls were solid con-
structions, built using the same techniques and 
larger masonry units that, depending on the height 
of land to retain, could also function as protection 
or division wall.

In the study area, it was also frequent the inte-
gration of the existent masonry walls in water irri-
gation systems. For this, a special masonry carved 
channel substituted the common capstone, and by 
giving the wall a continuous slope from the reser-
voir or well to the irrigation points or final reser-
voir, water would flow over the masonry walls and 
between the different farms.

5 MATERIALS AND CONSTRUCTION

The local schist stone, natural sands and clays were 
the main building materials used in the studied 
vernacular masonry walls (Barroso 2012). Schist 
stone was easily obtained because of its high avail-
ability, either at superficial level or extracted in 
shallow quarries. It had a simplified extraction 
process from the bedrock, and due to its inferior 
hardness compared with granites and its lamellar 
internal structure, it was easy to work.

Depending on its formation process, sedimen-
tary or metamorphic, and on its mineralogical 
composition (Costa 2008), local schist presented a 
great diversity of superficial textures more or less 
smooth, and colors diversity from ochre, to red or 
grays.

Local schist also presented a large water absorp-
tion capability from the surrounding environment, 
and sensitivity to salt crystallization and climate 
damage. Schist•s internal anisotropy affects consid-
erably its load resistance performance, as it presents 
a better performance to loads applied along the 
direction normal to its anisotropy planes, and infe-
rior in all other directions (Barros et al. 2014).

Attending to the masonry and stones observed 
during the fieldwork study, it is possible to dis-
tinguish two main different types of schist in the 
study area. The first type of schist stone (T1), see 
Figure 3, the most abundant and used, is char-
acterized by having very well defined anisotropic 
planes, a very smooth surface and a homogene-
ous aspect, in ochre and very bright color. It is a 
stone that easily breaks into layers and it is very 
easily prepared and work in place. Due to these 
characteristics, the masonry units obtained have 
an average size of around 0.4 × 0.3 × 0.5 m3, gener-
ally of rectangular proportion and parallel to its 
anisotropy plans• direction, and also small units or 
very thin wedges. If  not sawn, these masonry units 
are always irregular in the vertical planes and more 
regular in the horizontal ones. If  available, larger 
and more regular units were sometimes used to 
reinforce fragile points.

The second type of schist stone (T2), see Fig-
ure 3, only exists in the northeastern part of the 
study area and it is less abundant. It has very 
irregular and sometimes undetectable anisotropic 
planes, which can have different directions inside 
the same stone, a higher percentage of internal 
voids and fracture lines. In global terms, it is more 
heterogeneous showing a more complex mineral 
composition, and the surfaces are rough and in 
browns, reds and ferrous colors. It has a more com-
plex extraction and preparation process due to its 
unpredictable internal structure. In spite of that, 
it is a harder stone than the T1 schist, stiffer and 
allowing the extraction of larger and longer units, 
allowing the production of ashlar stones to rein-
force weak points and openings.

It was common to build masonry fabrics with 
T1 schist and use T2 schist to reinforce them. 
Large blocks were shaped in parallelepiped form, 
but smaller units had irregular shapes and it was 
not possible to obtain thin wedges.

Due to schist units• irregularities, and except 
for the mentioned dry joint walls, the use of bed-
ding mortars was fundamental to help build more 
resistant and higher masonry walls. The mortars 
used, see Figure 4, were made with the materials 

Figure 3. From left to right: Type 1 schist masonry fab-
ric; Type 2 schist masonry fabric (C.E. Barroso et al.).
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available locally, namely clay soil, and had a very 
low binding capability (Barroso 2012).

The mortar could be simple soil, generating a 
dark brown and dusty filling of the wall, mixes of 
sand and clay, generating a more binding orange 
mortar when using saibro, or more dusty and 
brown mortar when using clay or barro, or sand 
with kaolin clay, originating a white, stiffer and 
more resistant mortar. Different building stages 
could originate masonry sections with different 
mortars and different masonry performances in 
the same wall. More elaborated walls could have 
mixtures of local sands and imported lime. Plasters 
were not applied in these kinds of walls.

5.1 The building process

Small or average height walls were frequently built 
directly by farmers, resulting frequently in less qual-
ity masonry•s fabrics, while high walls were gener-
ally built or had assistance from masons, resulting 
in higher quality masonry•s fabrics with the use 
of ashlar stones reinforcements and more elabo-
rated capstones• works. The following constructive 
description refers to a high masonry wall, see Fig-
ure 5, and was gather by observations on site and 
testimonies from professional masons. It describes 
the building fundaments of almost all masonries 
of the study area. The vernacular masonry walls 
studied were composed of two leaves, built using 
mainly T1 schist stone with randomly applied rein-
forcement stones from T2 schist.

The building of this kind of walls was made by 
stretches and was composed of three stages. The 
first stage corresponded to the built of a shallow 
foundation, 0.3 m deep and 0.1 m wide to each side 
of the wall, using small or average schist stones 
from the same type of the wall (Freitas 2012). This 
foundation could be continuous or between the 
existing bedrock.

In the second stage, a double-leaf masonry 
enclosing a ruble core would be built by the use of 

leveling guidelines or/and timber framed structures 
to raise and level the vertical plane, and timber scaf-
folding to allow building the wall•s higher levels.

The building of the vertical plane could occur in 
sections by horizontal layers, leaving visible hori-
zontal joints between different levels, or in vertical 
sections, using a diagonal joint at the end of each 
stretch to allow attaching the fallowing one.

The third and last stage consisted in the building 
of the capstones and on the filling, frequently only 
on the external side of the property, of any remain-
ing gaps and voids in the fabric, using wedges and 
small schist units.

The masonry fabric built was composed of 
schist units bounded with mortar following the 
same principles of farmhouses• masonry walls 
(Barroso et al. 2013), but with considerable infe-
rior quality and presenting a high number of voids 
and irregularities.

The leaves were composed of average size 
T1 schist of approximately parallelepiped shape 
units, laid down always in the parallel direction of 
its anisotropic planes, and with the most regular 
face to the external side of the wall. The bigger 
stones were leveled by the use of bedding mortar 
and of smaller stones and wedges. The smaller 
stones sometimes were just randomly laid down 
to fill in gaps between big stones. Large T2 schist 
stones were also used when available. Due to their 
weight and the difficulty in raising them to higher 
levels, the large units were placed at the bottom, 
reinforcing the base of the wall.

To increase wall•s cohesion, the stone units 
would overlap at the core, and opposing leaves 
would be connected by the use of regular or irreg-
ular transversal stones or by units penetrating in 
the core. The core would be filled with ruble and 
small stones.

Figure 4. Examples of schist masonries• sections with 
different bedding mortar. From left to right: soil; saibro; 
sand with kaolin clay (C.E. Barroso et al.).

Figure 5. Examples of schist vernacular masonry walls: 
(a) small height dry joint T1 schist masonry wall; (b) 
average height T2 schist masonry wall; (c) high T1 schist 
masonry with T2 schist reinforcements masonry wall. 
(C.E. Barroso et al.).
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Average sections had 0.5 m wide in less quality 
construction, and reducing from base to top from 
0.6 m to 0.4 m wide in higher quality masonries. 
This contributed to stabilized the wall and ration-
alize the use of material on walls of over 2 m. The 
reinforcement of wall•s fragile points like corners, 
openings and the attaching to other walls, see 
Figure 6, were frequently built in T2 schist stone, 
and following the same principles of farmhouses• 
masonries (Barroso et al. 2013).

The dry masonry walls, see Figure 5, were built 
using stones gathered in the forestall property 
they limited, and presented heights from 0.4 m to 
1.2 m, and thickness ranging from 0.4 m to 0.6 m. 
These walls had no foundation and the schist stone 
units used, generally small and some average size 
T1 schist, were geometrical adjusted in site and laid 
down in horizontal layers, one layer in the longitudi-
nal direction of the wall, the following on its trans-
versal direction, helping to reinforce both leaves.

The core was filled with very small stone units. 
The masonry fabric•s quality was very weak, in 
result of the very low binding between stones and 
a very high number of voids, resulting in a very low 
wall•s cohesion and on its fragile stability.

Better quality masonries had a reduced number 
of voids and had capstones, whereas in the lowest 
quality wall, the masonry•s fabric was the result of 
the stones stacking without special binding cares.

The only kind of one-leaf wall observed during 
the fieldwork study, see Figure 7, was composed of 
0.1 m thick slabs of schist of variable dimensions, 
placed in a vertical position, and forming an align-
ment of stones to establish a limit.

These were short walls and their height depended 
on the sizes of the slabs, which varied from 0.6 m 
when laid sideways or 1 m when laid in a vertical 
position. This kind of wall was an exception and is 
not frequent in the study area.

6 PRESERVATION RECOMMENDATIONS

The preservation of this fragile heritage, of its 
diversity and of its landscape value, faces consider-
able threats. The loss of use of most rural buildings 
due to the abandonment of the rural areas reduces 
significantly maintenance and repair of its struc-
tures, leading eventually to their ruin and destruc-
tion. Progressively, the lack of memory and the loss 
of vernacular construction knowledge opens the 
way to the substitution of vernacular models and 
construction materials by industrial ones, making 
them natural in the collective memory (Oliveira 
et al. 1992). In the study area, the absence of 
operational schist quarries, the almost absence of 
experienced masons, along with the excessive spe-
cialization of local construction industry in non-
traditional and concrete-based solutions, increases 
the costs of building of such kind of walls.

In order to protect and preserve this kind of 
vernacular heritage, different levels of actions are 
needed and multidisciplinary approaches are vital 
(ICOMOS, 2001). New landscape policies, which 
take in account the rural way of life and its econom-
ical value, are fundamental to stop rural abandon-
ment. In the same context, it is also fundamental 
a new building legislative framework, that takes in 
account the specificities of vernacular heritage, in 
order to absorb all constructive diversity that do 
not fit in the current codes. The study of still exist-
ent vernacular masonry walls is also very relevant 
in the process of protecting and even regaining 
lost knowledge. The availability of knowledge is 
fundamental to assist technicians to make more 
effective preservation interventions with proper 
materials and techniques. These should be within 
the best practices of preservation and intervention 
orientated by principles of physical and chemical 
compatibility between materials, of reversibility 
and durability (ICOMOS 2001). Considering that 
the present context of the study area is very differ-
ent from vernacular context, new interpretations 
of vernacular solutions, if  necessary with the help 
of new solutions, may allow solving contemporary 

Figure 6. Examples of corner•s reinforcement in 
T2 schist stone. Example of elaborated capstone with 
grapevines• structure. (C.E. Barroso et al.).

Figure 7. Example of one leave wall built in T1 schist 
slabs. (C.E. Barroso et al.).
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problems like the introduction of modern infra-
structures, or even to reduce seismic risk (Roque 
2002). The spreading of vernacular building 
knowledge by local technicians and general popu-
lation, making local communities to regain their 
sense of rural identity and the means to take care 
of their own heritage, can give a decisive contribu-
tion to vernacular heritage protection and preser-
vation (ICOMOS 1982).

7 CONCLUSIONS

Vernacular schist masonry walls are one of the most 
valuable heritage of the Portuguese northwestern 
rural landscape. Their protection constitutes not 
only an historical preservation of its technological 

and constructive diversity, but also the memory of 
the construction of a landscape and of the effort 
of generations to make it more suitable to suppress 
human needs. Preserving this way of building also 
contributes to the sustainability of local economy 
by using local environmental friendly construc-
tion materials, using less mechanical means and 
allowing local populations to better maintain and 
rebuild their own heritage by their own means.
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Adapting vernacular architecture: The case of the Singapore Cottage 
in Melbourne

R. Beeston
RBA Architects and Conservation Consultants, St Kilda, Victoria, Australia

N. Matarredona Desantes
Universidad Politécnica de Cartagena, Cartagena, Spain

ABSTRACT: The Singapore Cottage, imported and assembled c.1853 at 17 Coventry Place South Mel-
bourne provides an insight into the adaptation of an Asian vernacular building tradition to a new context, 
the multi-national Gold Rush environment of the new European colony, Victoria, in south-east Australia. 
The extant cottage, a rare surviving example on its original site, demonstrates the unusual integration of 
Malay and European construction traditions, and is testimony to the cultural interchange that occurred 
in Melbourne during the years immediately following to the Gold Rush (1851) when hundreds of various 
types of prefabricated houses were imported in order to supply the bourgeoning demand for housing. 
The Singapore Cottage has now been adapted for contemporary living, and represents a unique fusion of 
vernacular construction technologies.

2 THE MALAY HOUSE TYPE

The term •Malay house• refers to the traditional 
domestic building style or architecture of the 
Malay Peninsula including Singapore, the sepa-
rate island nation at the southern tip of the Malay 
Peninsula (Fig. 1).

Traditionally, in addition to the technical aspects 
of the design as discussed below, Malay houses 
reflect a complex system of beliefs including 
aspects of Animatism, Hinduism and Islam and 
are not simply a utilitarian construction (Gibbs 
1987:7). There are significant rituals, associated 
with the various stages of house construction such 
as the selection of the site, timber and the appro-
priate time for building.

2.1 Form

The traditional timber framed Malay house con-
sists of two post and beam units (the rumah ibu 
and rumah dapur), which are usually attached by 
an elevated courtyard or covered walkway, selang. 
The main units are rectangular in shape and have 
high pitched gabled roofs, while additional units 
typically have lower pitched skillion roofs.

The larger of the two main units is the rumah 
ibu or mother house. The rumah ibu is the core of 
the house and is used for sleeping and entertaining 
guests during festivals and contains the marriage 
bed. To the rear is the smaller rumah dapur. This is 

1 INTRODUCTION

A Singapore Cottage is a timber house which was, 
manufactured in Singapore, and exported as a pre-
fabricated kit to various parts of the world, includ-
ing to the two gold rush destinations San Francisco 
California and Melbourne Australia, in the mid-
nineteenth century. The design was derived from 
a Malay vernacular tradition and adapted to the 
European needs and non-tropical climates, which 
were the ultimate markets.

One of these Singapore Cottages is located at 
17 Coventry Place in South Melbourne, Australia. 
It was rediscovered in 2000 by RBA Architects + 
Conservation Consultants, a firm of specialist her-
itage conservators based in Melbourne. Although 
much altered, a detailed inspection of the roof 
space revealed unusual timber construction tech-
niques and markings of an apparent Asian origin 
upon some timbers not typical of a mid-nineteenth 
century Australian timber cottage. The possibility 
that the house was originally exported as a prefabri-
cated •kit• house from South-East Asia was raised, 
and later confirmed in consultation with Professor 
Miles Lewis of the University of Melbourne.

The text reviews the Malay house type in order 
to understand the adaptations made to suit the 
new geographic and cultural context. This will be 
illustrated through the analysis of the case study, 
17 Coventry Place. Finally, a brief synopsis of the 
recent conservation works is given.
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where meals are prepared, and may be eaten, and 
female visitors are also entertained. The materials 
used for this section are simpler and less expensive 
so the walls are often clad in atap or palm fronds, 
which are also used for the roof.

Additional areas are attached as the requirements 
and means of the family increase. The combination 
and configuration of the additions distinguish and 
help define the different types of Malay houses. The 
interior of the typical Malay house is open plan 
with areas assigned various functions, which are 
nonetheless flexible depending on circumstances. 
Few, if  any, partitions or walls separate spaces but 
there are usually level changes between areas.

In Singapore and the Malay Peninsula, with the 
colonial presence of the British and Dutch as well 
as traders from South-East Asia, it was inevitable 
that hybrid-housing forms developed. For example, 
hipped roof forms, rather than the standard gable 
or gambrel roofs, are employed in some parts of 
the peninsula, such as the west coast (Fee 1998:25). 
One type, known as the bumbung lima (Fig. 2) has 
a hipped roof and as such is much closer in form 
to the house at 17 Coventry Place than most Malay 
houses. The bumbung lima are however not well 
documented until about 1880 (Lee 1988:87).

2.2 Construction

The traditional Malay house is defined as a •sys-
tems building• because standard components are 

used and the method of assembly follows the prin-
ciples of prefabrication in that the elements are 
manufactured off-site and sections can be added 
without affecting the existing structure (Fig. 3). 
Likewise the houses can be readily dismantled by 
removing the wedges from the joints; nails and 
bolts are typically not used (Gibbs 1987).

Firstly the base and footings are laid out. Tra-
ditionally the base was of hardwood timber slab 
or large stones. Subsequently, the tiang or posts, 
which have a wide cross-section, usually at least 
120 mm2, are erected (typically either 9 or 10 in 
number). The central post is referred to as the tiang 
seri and is usually more elaborate than the other 
tiang. There is a specific ceremony associated with 
erecting it. The tiang are wide in part because they 
need to accommodate mortised joints. The cross-
beams supporting the floor are mortised through 
the tiang and are secured by wedges. The bearers 
or rasuk panjang cross the tiang immediately below 
the joists or rasuk pendek. Subsequently, at the 
upper end of the tiang, beams associated with the 
roof are introduced.

The next stage is the construction of the roof 
framing. The alang panjang or girt and the alang pen-
dek or tie-beams are set in place. The last two mem-
bers are notched into each other and are secured by a 
tenon at the top of the tiang. Subsequently, the king 
posts or tunjuk langit and the roof ridge or tulang 
bumbung are erected (the latter sits in a notch at the 
top of the former). The principal rafters or kasau 
jantan, purlins (horizontal) or kasau lintan, and com-
mon rafters or kasau atap, and a rail known as the 

Figure 1. Showing locations of Singapore and 
Melbourne.

Figure 2. Sketch of a bumbung lima (RBA, based on 
Yuan 1987:23).

Figure 3. Traditional Malay methods of construction 
(N. Matarredona, based on Fee 1998:23).
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alang muda, are then put in place. The gable ends are 
also filled in with screens or tebar layar.

The final stage involves introducing the wall 
claddings. Between the sections of wall cladding are 
shuttered openings, either made of louvres or solid 
timber panels, with carved timber balusters or per-
forated panels across the lower part (Fee 1998:23).

Anthropometric measurements, relating to arm-
span, forearm, and palm width of the individual 
carpenter are used as the module for the building; 
hence, subtle dimensional variations occur from 
house to house.

2.3 Building materials

Timber is the main building material and is used for 
all the structural members of the traditional Malay 
house. Typically two species of timbers, usually of 
different hardness, would be employed. Typically 
a hardwood was used for the primary structural 
components (posts, bearers, and tie beams) and a 
moderate hardwood for secondary framing com-
ponents (e.g. rafters, floor joists, wall studs, and 
frames for the doors and windows) and linings.

Traditionally, a species of cengal would be used 
for the principal framing members. In former times, 
chengal mas, which is similar to teak, was prized how-
ever it is now difficult to obtain. Another variety, 
chengal batu, is often used (Gibbs 1987:66). In some 
parts of the Malay Peninsula, merbau (Intsia palem-
banica) would be used. Other hardwoods known to 
be employed are belian (Eusideroxylon) and resak 
(Vatica spp.), as well as damar laut (parashorea stel-
lata)  and peraling (Ochanostachys amentacea).

There is less variation in the timber used for the 
secondary components. Meranti (Shorea spp) is 
by far the most common. It is a rainforest species 
found throughout South-East Asia and the islands 
of the South-West Pacific region. Jelutong (Dyera 
costulata) was used as well (Fee 1998:22).

Different materials could be employed for the 
wall cladding, dependent on what was locally avail-
able; timber, arranged either vertically, horizon-
tally or diagonally, or woven materials. The roof 
was traditionally clad with atap or a thatch of nipa 
palm fronds (Fig. 4).

2.4 Exportation

The traditional Malay house construction offered 
many innate possibilities for developing prefabri-
cated buildings for export to other countries. Not 
a great deal is known about how this market devel-
oped in Singapore during the nineteenth century, 
however it is likely that British and/or Chinese 
companies were responsible.

From the beginning of the nineteenth century, 
Chinese carpenters were prominent on the Malay 

Peninsula (and elsewhere in South-East Asia), and 
worked mainly with the local techniques rather 
than traditional Chinese methods. At least one 
Chinese workshop which exported prefabricated 
beamwork to Australia is known to have existed 
from 1839 in Singapore (Dumarçay 1991:60).

3 THE ADAPTATION OF THE 
TRADITIONAL MALAY HOUSE 
TO AN INTERNATIONAL MARKET

3.1 The australian gold rush

Imported prefabricated buildings began arriving 
in Australia from as early as 1835 (Lewis 1985:56). 
However with the advent of the gold rush in 1851, 
just 15 years after the first settlement by Europe-
ans in Melbourne, there was a dramatic shortage 
of housing. To meet the deficit, a •Canvas Town• 
(Fig. 5) arose in South Melbourne where statutory 
building restrictions did not apply. Land in the 
suburb was quickly subdivided and the first land 
sales were held in 1852. Soon after •a whole town 
of wooden houses [sprang] up like mushrooms; 
inns, shops and cottages• (Priestley 1995:47).

Prefabricated timber buildings, mostly resi-
dential, but also other types such as commer-
cial and religious, are known to have come from 
Britain, Germany, Hong Kong, Singapore, India 
and New Zealand. A great many of the prefab-
ricated houses are known to have been imported 
from Singapore. A single report in the Melbourne 
newspaper the Geelong Advertiser from November 
1853, nominated seven ships in Port Phillip Bay 
carrying a total of 165 houses (Lewis 2001:9). •At 
the height of importation in 1853 a quarter of a 
million pounds worth of portable wooden build-
ings were brought to Victoriaƒthe numberƒran 
into hundreds.• (Lewis 1985:56). Carpenters were 
specifically brought out to Australia to erect the 
Singapore cottages in the period immediately fol-
lowing the discovery of gold in Victoria.

Many Singapore Cottages were advertised for sale 
in the Melbourne newspaper, the Auction Mart, an 

Figure 4. Traditional Malay house, image taken 
2014 (Stock photo, dreamstime.com, contributor: 
Mawardibahar).
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example of which is reproduced (Fig. 6). The cot-
tages are described as 30 feet by 20 feet, comprising 
of four rooms separated by a hall. Other recorded 
house sizes were: 20 by 12 feet, 22 by 11 feet, 32 by 30 
feet and 20 feet square. Many cottages were described 
as having a central hallway with either two or four 
rooms attached. There were also advertisements for 
planks, posts, and rails of Singapore cedar.

3.2 Adaptations to an australian context

In the adaptation of the traditional Malay house 
type to the Australian context, variations were 
introduced. For example, internal walls/parti-
tions were constructed, as the open plan form 
of the Malay house was unfamiliar to people of 
European descent. Also, many design features 
that facilitate air circulation in the warm climes 

of South-East Asia such as being built on stilts, 
use of louvered doors, lack of glass, use of lattice 
screens, but would be problematic for colder Mel-
bourne winters, were not included. Further varia-
tions included the introduction of fireplaces and 
chimneys.

The roof cladding, traditionally thatch derived 
from local palm trees. In Australia it became can-
vas, corrugated iron, zinc tiles or timber boards.

Generally the timbers dedaru and meranti (Sho-
rea) were used for the primary and secondary 
framing members respectively. It does not seem 
that dedaru was widely used on the Malay Penin-
sula for traditional house construction as it is not 
referred to in the various texts consulted. Other 
timbers of South-East Asian origin used in the 
prefabricated cottages are merbau (Intsia palem-
banica) and rengas (Sands 1987). The provenance 
of dedaru is Laos, Vietnam, Borneo and Malaya.

3.3 Extant singapore cottages in melbourne

Few of the hundreds of prefabricated Singapore 
Cottages imported to Melbourne during the mid-
nineteenth century remain (and/or have been 
identified to date). It is likely that most have been 
demolished as much of the early timber building 
stock in Melbourne has been replaced. Besides 
17 Coventry Place„the only known example to 
remain on its original site„a further eight Singa-
pore cottages are located in the inner Melbourne 
suburb of Collingwood. Some of the cottages have 
been erected, while others have been dismantled 
and are in storage.

3.4 17 Coventry place, south melbourne: 
Case study

The Singapore Cottage at 17 Coventry Place was 
erected by 1854, with an outbuilding. It is possible 
that the cottage was assembled by a Chinese carpen-
ter, brought to Australia specifically for his traditional 
carpentry expertise. It is known that at least one Chi-
nese carpenter, Louis Ah Mouy, was brought to Aus-
tralia under contract in 1851 and that he built at least 
six houses in South Melbourne (Lewis 1985:9).

Five years later in 1859, a kitchen was added to 
the rear of the house. Numerous alterations accrued 
over the years to adapt the cottage to suit changing 
times and occupants. In the mid-twentieth century 
a fibro-cement clad room was constructed to the 
north, the early outbuilding was replaced with a 
brick structure of similar dimensions, and the cot-
tage itself  was substantially, and crudely, modified; 
two rooms were added to the rear, the exterior was 
cement rendered, aluminium-framed windows 
were installed, and the internal walls were lined 
with plasterboard (Fig. 8).

Figure 5. Canvas Town between Princess Bridge and 
South Melbourne in 1850s (De Gruchy & Leigh, State 
Library of Victoria, accession no. H25127).

Figure 6. The Auction Mart  [Melbourne], 21 June 1853.

Vernacu_Book.indb   126Vernacu_Book.indb   126 7/31/2014   7:39:33 PM7/31/2014   7:39:33 PM



127

The characteristics of traditional Malay hous-
ing which are evident at 17 Coventry Place include 
the use of South-Asian timbers and some of the 
distinctive framing methods, which involve inter-
locking joints such as mortice and tenon, dovetail, 
lapped and notched joints. Another characteristic 
is the horizontal rail (70 × 30 mm) that is checked 
through the king posts of the roof framing, and 
although it does not provide additional structural 
strength, it is typical of the Malay house and is 
referred to as the alang muda (Gibbs 1987:18).

The wall openings at 17 Coventry Place were 
altered at some point, however it is evident that the 
doors were originally paired narrow leaves, as was 
common for their Malay precedents. This building 
is the only known example in Australia where the 
format of a transom opening with a timber screen 
was incorporated. In Malay examples, the screen 
may have been carved or included latticework.

In the construction of the cottage, two types of 
weatherboards were used, both square edged and 
beaded edged. It is possible that the original timber 
cladding boards supplied in the kit had been cut in 
half to create bevelled weatherboards (adze and saw 
markings are in evidence to confirm this supposi-
tion). This adaptation may have occurred because 
materials were in such short supply at the time; the 
process effectively doubled the available cladding 

material, allowing the interior to also be clad. Nails 
were used, albeit sparingly, primarily to attach the 
timber cladding both externally and internally.

Wallpaper fragments were found at the house 
of European and American origins, indicative of 
fashionable, modest houses during the 1850s, espe-
cially the use of brilliant blue, rococo styling and 
imitation stone work (for the hallway, and often 
referred to as •hallpapers•).

The roof was clad in lapped tongue and grooved 
timber boards, although this may not have been 
part of the original assembly as reference is made 
to zinc roof cladding in an early rate book descrip-
tion of the property.

The external dimensions of the cottage comply 
with those given in the Auction Mart advertise-
ment in Figure 6. One of the Collingwood build-
ings, known as •N4•, also has the same dimensions, 
while the cottages •N5• and •N6• have similar 
dimensions. Also at Collingwood there is a larger 
•A Star• (44 × 22 feet), and four identical, smaller 
two-roomed cottages (20 × 12 feet) known as •CX•, 
•R•, •KS•, and •T• cottages (Fig. 9).

Some of the timbers of the extant cottages fea-
ture distinguishing markings, including Chinese 
characters, which are thought to define a specific 
coding system for assembly. The timbers at 17 Cov-
entry Place have some •Z• markings (Fig. 10).

3.5 Conservation and further adaptation 
of 17 coventry place

In 2006, the Singapore Cottage at 17 Coventry Place 
was further adapted to suit contemporary inner city 
expectations of living. Conservation works were 
undertaken to the 1850s cottage to restore its likely 
original appearance, and a new wing to the rear was 
constructed to house the main living areas.

Externally, the cement render was removed and 
new oiled weatherboards were installed except for 

Figure 7. •N4• at 136 Sackville St, Collingwood (RBA 
Architects + Conservation Consultants).

Figure 8. 17 Coventry Place, South Melbourne, prior to 
conservation works, 2000 (RBA Architects + Conserva-
tion Consultants).

Figure 9. Plan of the Singapore Cottage at 17 Cov-
entry Place prior to conservation works and construc-
tion of new wing. (RBA Architects + Conservation 
Consultants).
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a small section where a few original boards were 
salvaged. An Australian hardwood was used as 
the original rainforest species are now endangered 
and/or difficult to obtain in the Australian mar-
ket. Multi-paned double-hung sash windows were 
installed, a type selected based on the limited evi-
dence available of the originals.

The rafter ends had been previously removed 
and so were re-extended by 485 mm with a sepa-
rate piece, based on the detailing evident on •N4• in 
Collingwood, and additional lapped boards were 
installed to create an eaves overhang. The roof was 
re-clad in corrugated metal sheeting to protect the 
original timber boards, however the lapped boards 
are visible internally as only one section of the later 
pine timber ceiling was retained so that the roof 
framing would be exposed.

Internally, interventions were limited. Some 
original walls were removed in order to provide 
a larger space. Modern lighting, air-conditioning 
and insulation were installed, however no plumb-
ing was introduced, as it had hitherto not been. 
The less intrusive functions of a home office and 
lounge room were located in the cottage.

4 CONCLUSION

The Singapore Cottage at 17 Coventry Place has 
experienced several key adaptations from the tra-
ditional Malay house type; first adapted to become 
an exportable commodity to an international mar-
ket, then adapted to the mid-nineteenth century 
Australian context and most recently to meet 21st 
century expectations of living in a gentrified inner 
city suburb.

Overall, the examination of 17 Coventry Place 
has added to the evolving body of knowledge of 
the fascinating Singapore Cottage type of which 
there is limited documentation and few surviving 
examples.
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ABSTRACT: Greniers and raccards are pre-industrial rural buildings of Valle d•Aosta Italian region 
used for the agricultural products conservation and cereal processing. They are wooden logcabins laying 
on a stone masonry basement and covered with stone plates. As important evidences of the regional iden-
tity, they are safeguarded by regulations, but often this is not enough to protect them from recovery inter-
ventions that strongly alter their significances. On the other hand, refurbishment and re-use are perhaps 
the only way to save these fabrics from decay and abandonment. The paper presents the methodology of 
the ongoing PhD research, which suggest to deal with the reuse of those buildings through alternative 
approaches, different from the retrofitting techniques nowadays used. The approaches involve flexible, 
sustainable and tailored interventions, which want to propose and improve the original climatic properties 
and characteristics of these traditional Alpine buildings, and suggestions about new and differentiated 
uses.

As an introduction and a contextualization use-
ful to explain the reasons of the research, the top-
ics related to architecture•s composition and the 
historical and cultural origins of the local build-
ing types and constructions are presented in a very 
general and schematic way.

1.2 Architecture composition

The stone masonry base of the dwelling is built with 
local stones found in the surroundings of the build-
ing site and connected with lime or earth mortar or 
overlapped and embedded without binder. Accord-
ing to the natural morphology of the territory, 
quite always characterized by moderate or more 
significant slopes, the basement can be constituted 
by one or two floors, where the main activities of 
the agro-pastoral life were localized: the stable, the 
room with the stove, where the family cooked and 
took rest, and the cellars, usually positioned in the 
dark part of the construction, in the side against 
the ground. The openings are usually small and as 
less as possible: the doorway, a window in the stable 
and one in the family room (Fig. 2).

The aboveground wooden structure is independ-
ent from the basement and it lays directly on it, or 
raised up by small wooden pillars called jambes, 
which can have in some cases a stone •hatŽ, used 
as protection against little animals (Fig. 3). The 
structure can be made with wooden boards or 
trunks horizontally overlaid and stiffened in the 
corner by different type of connections. Larch and 
chestnut wood were the most used: the former was 
preferred to realize structural elements. Depending 

1 RURAL BUILDINGS IN AOSTA VALLEY

1.1 Introduction

Valle d•Aosta is an Italian region located in the 
northwestern corner of the country. It is bordered 
by Piedmont region, Rhône-Alpes French region, 
in particular Savoie and Haute-Savoie departments, 
and the Swiss Canton of Valais. For its location, it 
has always been a crucial center for European con-
nections and exchanges through mountain passes. 
All these several cultures have influenced, during 
time, the traditional architecture construction, 
which has been codified in shared construction 
models disseminated in the whole territory and real-
ized using local sources. However, traditional build-
ings differ in their building technology according to 
the different cultural influences that have reached 
the lateral valleys. European culture flows about 
wooden construction techniques certainly influ-
enced also these lands through the Walser popula-
tion•s migration, from Switzerland to Champorcher, 
Ayas and Gressoney valleys. To this population is 
ascribed the diffusion of the know-how of logcabin 
construction technique, which has been spread into 
the whole regional territory together with the local 
wooden construction tradition (Dematteis 1996).

Traditional pre-industrial buildings of Valle 
d•Aosta are built with local sources, stone and wood, 
and their typical architecture composition consists in 
a stone masonry basement, generally made of one or 
two floors, and a structurally independent wooden 
construction laying over it and covered by a wooden 
roof with stone covering surface, called lose (Fig. 1).
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on the size of the timber •boxŽ, there can be some 
stiffening internal log partitions which divide the 
indoor in different rooms. These rooms were used 
to treat the agricultural products: cereals, particu-
larly wheat, were first dried, then hit in the main 

room or in the corridor, used as threshing floor, 
and finally stored in other places called tchamberal, 
the sheaf deposit.

There is a distinction between these wooden 
buildings according to their function: the raccard is 
the building where the cereal processing took place, 
the grenier is the building used for cereals conser-
vation, usually in little rooms called tchambrette.

Generally, the first one is quite big and com-
posed by different rooms and floors, made with 
embedded rough-hewed logs in order to let fresh 
air circulate through the building (Fig. 4).

The grenier is smaller and realized with much 
care using smoothed and well embedded boards, 
in order to realize a box for protecting the family•s 
most important things, such as cereals, dried food, 
clothes and little treasures (Fig. 5).

Over the logcabin •boxŽ, a pitched single framed 
roof lays, with main rafters resting on the ridge 
beam and many little joists supporting the roof 
covering. The coverage is made with overlapped 
stone plates, called lose, which protect from rain 
and snow and let the air circulate.

1.3 Characterizing the landscape

Dwellings are spread in the territory according to 
the land properties, besides the agricultural fields.

Many families constitute a village, which can be 
organized and inserted in the landscape in differ-
ent settlement systems called bourgs and hameaux, 
depending if  the village has expanded following 
the main way of communication, or following the 
distribution of fields• property (Remacle 2002).

Certainly, the villages were founded in the most 
suitable places for cultivating, where the deep of 
the ground is less strong, nearby waterways, and 
where there is the best sun exposure. The part of 
territory suitable for intensive agricultures includes 

Figure 1. Village with various wooden construction 
techniques (Bionaz).

Figure 2. A traditional architecture composition with 
two-floor basement and overlaid wooden structure 
(Bionaz).

Figure 3. The wooden blockbau structure laying on the 
so-called jambes, •legsŽ (Bionaz).

Figure 4. A raccard with balcony for the harvest drying 
(Bionaz).
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the central valley, approximately 600 m above sea 
level, and the lateral valleys, up to 1700…1800 m.

A census started in 1987 by local government, 
and not yet concluded, has individuated more than 
1200 traditional building cores, located for 40% 
over 1200 meters of altitude (Piano Territoriale 
Paesistico 1998) for a total of around 25,000 tra-
ditional existing buildings dating from low Middle 
Ages to XIX Century.

1.4 Present situation

The morphology variety from one lateral valley to 
another, the building construction techniques, the 
sculpted details in wood and stone, and the exploita-
tion of the material properties are important archi-
tectural characteristics that have to be preserved. 
Traditional buildings are safeguarded by national 
regulation (Codice dei Beni Culturali e del Paes-
aggio Dlgs.42/2004) and also by local regulation 
(L.R.56/1983) as local government controls directly 
and manages the own cultural heritage. Through the 
regional law n.56, since 1983 a special commission 
has identified and classified buildings by their •value 
of interestŽ, which means also a different level of 
control, made by institutions, on the interventions 
and modifications proposed for these buildings.

This differentiated regulatory oversight has 
allowed the implementation of reuse projects that 
sometimes have preserved and rehabilitated the 

abandoned structures but, in other cases, there 
have been many refurbishment projects which did 
not considered the building cultural significance as 
a whole and have altered definitively its characters. 
In addition, the most of these rural constructions 
remains in a permanent degradation condition 
that risks to completely ruin this heritage.

This situation is caused by two main factors: 
first, the abandon of the countryside and, second, 
the problem of the family property division. The 
division of the buildings in many properties cre-
ates a lot of difficulties in design solutions as these 
buildings have to be considered as a whole, for evi-
dent dimensions and structural reasons. Moreover, 
private owners prefer not to intervene because of 
the constraints imposed by local authorities and 
the high costs of intervention due to the more 
articulated conservative design solutions.

It is therefore important to study correct meth-
odologies for the recovery of such heritage avoid-
ing the completely loss of values caused by col-
lapse (Figs. 6, 7).

Figure 5. A two-floor grenier realized with embedded 
and smoothed boards (Bionaz).

Figure 6. Abandoned village since 1940s (Bionaz).

Figure 7. Risk of completely collapse in a raccard 
(Bionaz).
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2 THE ENERGY ISSUE

Nowadays is important to think about energy prob-
lems anytime we deal with inhabited buildings as they 
are one of the main factor of energy consumption.

To reach the goals assumed by Kyoto 2020, a 
shared opinion is the necessity to include existing 
buildings into the sustainable changing process. In 
Italy, 65% of the building park is built before 1970 
and this part contributes to 40% of the total energy 
consumption of the Country.

In 1991, Italian authorities issued a general 
energy law and they transposed the European 
Directive (2002/91/CE and 2010/31/UE) into the 
national law (D.lgs 192/2005 and integrations), 
specifying minimum energy performance stand-
ards that have to be respected for new and existing 
buildings, with the exception of those with safe-
guard constraints.

Italian law does not specify the energy perform-
ance minimum levels for historical buildings: if  
they are strictly safeguarded and the refurbishment 
interventions risk to completely alter their signifi-
cances, it is possible to derogate the limits, while if  
they are not, they have to respect the same perform-
ance levels as new buildings, and their dimension 
determines for which parameter. Evidently, this is a 
crucial issue because they have very high heteroge-
neity and different level of protection and, for the 
moment, regulations have not given general sug-
gestions about how to manage energy issues with 
historical buildings (National AICARR guidelines 
about •energy efficiency in existing buildingsŽ are 
attended to be presented soon).

Considering the architectures studied in this 
research, some of them have to be preserved in 
their totality as •monumentŽ, while others can be 
re-vitalized by design projects evaluated case by 
case by authorities, balancing conservation and 
intervention invasiveness. This means also to eval-
uate energy efficiency interventions, because pri-
vate owners, motivated by economic savings, want 
to improve energy performance in their buildings, 
especially if  they are ancient as they are considered 
very poor according to consumption principles.

The ordinary practices used today to refurbish 
buildings, such as the addition of external or inter-
nal layers of insulation, the windows replacement, 
the installation of systems for ventilation or green 
energy production, have high level of intrusiveness 
and are not a reversible solution. If  employed in 
grenier and raccard, such interventions modify 
the proportions of the building, cover the original 
materials, modify the building construction tech-
niques and risk to generate mould inside.

The solutions listed above are not adequate for 
traditional buildings, but their effectiveness can 
be verified through stationary simulation models 

suggested by Italian regulation. The common 
refurbishment works can be numerically inserted 
into simulation software, but the model result is far 
from describing the real situation due to the simpli-
fied input data required by stationary programs. It 
has been demonstrated that the approximation of 
the transmittance values for ancient materials and 
pre-industrial building construction techniques 
strongly affects the results (Pracchi 2013).

So, are ancient buildings so inefficient? Do we 
really know their energy behavior? If  their energy 
behavior is underestimated and we want to improve 
it, which interventions could be the most adequate 
to reuse these architectures in a sustainable way?

3 THE RESEARCH

The research aims at defining methodological and 
technical problems related to the design of solu-
tions for the preservation and energy performance 
improvement of traditional buildings of Aosta 
Valley, in order to suggest different solutions from 
those used today, not suitable for this type of 
buildings. The development of reuse and recovery 
projects is important to avoid abandonment, but it 
has to be driven by conservative targets above all.

3.1 Building climatic characters

Traditional alpine architecture is the expression 
of the construction techniques evolution, driven 
through time by the need to resist adverse weather 
conditions and to take advantage of the settlement 
sites features. Alpine buildings are made of local 
sources and they exploit them managing energy in 
a sustainable way, thinking about future and hypo-
thetical hard times. They are ecologically built, 
like other pre-industrial constructions, because no 
chemical material was used for their construction. 
The ancient construction systems used for the opti-
mization of local features and sources are many 
little shrewdness taking part in the design of the 
whole project and, as they have been proposed and 
tested for longtime, they were considered effective 
for the inhabitants.

In Valle d•Aosta, stone masonry is used to build 
the inhabited parts of the house, exploiting the 
thermal inertia properties of this material which 
yield the sunlight heat some hours after the sun-
set. Wooden constructions are well ventilated and 
absorb humidity, thanks to the hygroscopic prop-
erties of wood, hence they were principally used to 
store agricultural products. Furthermore, in some 
lateral valleys where raccards present two or three 
floors, the first one was used as bedrooms. In some 
stone houses there are internal boiseries, ancient 
and transpiring insulating device, in bedrooms and 
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in the kitchen, the only room heated by the stove. 
During the coldest winters, families used to share 
the room with the cattle, in a way to take advan-
tage of the warm produced by animals. This habit 
is called cohabitation.

Windows have small size in a way to control 
heat dissipation and are positioned in the front 
facing south, where there is also the main entrance. 
Another doorway is situated in the rear of the 
house and it is used to access the upper floors, tak-
ing advantage of the natural slope of the ground 
and avoiding interior stairs in order to not waste 
space. Roof pitches are positioned perpendicularly 
to the ground slope, in a way to encourage the irra-
diation in the South-facing front. They are not so 
steep so they let the snow settle on and reduce heat 
dissipation. These buildings are sun oriented and 
the distribution of the indoor rooms and activities 
also follow this principle (Fig. 8).

3.2 Development of alternative approaches 
for conservation and reuse

The research is intended to develop new approaches 
for grenier and raccard preservation, starting from 
the analysis and the implementation of the original 
systems used for energy dissipation and consump-
tion control. First of all, the approaches have to 
consider conservation targets and to support the 
reuse of the building in a sustainable way, taking 
into account that the original functions are far 
from the contemporary standards of living. At the 
moment, the research has identified two main direc-
tions for the development of sustainable solutions 
for the preservation of these traditional buildings 
and the improvement of their energy behavior:

… processing of a recovery project considering 
alternative upgrading energy efficiency propos-
als, different from those generally used today;

… identification of the potential new uses, consid-
ering not only the building but also the macro 
system of the village.

The upgrading energy efficiency interventions 
that we are looking for are precise, local, non inva-
sive and reversible. Assuming that these fabrics 
were built following climatic and energy principles, 
probably the energy improvement recovery works 
don•t need to be as heavy as those used today and, 
moreover, maybe the own energy behavior of the 
building is better than the performance calculated 
through software simulation. Consequently, energy 
performance attributed to ancient buildings is 
underestimated and so the interventions proposed 
to reach the standards required by regulations are 
overestimated.

The research aims at investigating the possibility 
of improving the energy behavior of such build-
ings through compatible repair works, such as the 
seal replacement, the repair of the damaged parts 
of the stone masonry, the use of heavy curtains 
and carpets, the insertion of an internal window 
frame and the addition of shutters. These restate-
ments of traditional construction systems to face 
energy problems are difficult to be quantified in 
standard software simulations, so it is difficult to 
make hypothesis about how much they are effec-
tive. Of course they will not be enough to satisfy 
the contemporary standards of life, but they will 
reduce the use of other compatible, but more inva-
sive, interventions, like internal transpiring insula-
tion layers.

To face this problem, we want to better inves-
tigate the energy behavior of  these traditional 
buildings through indoor environmental monitor-
ing and other outside surveys, like thermography 
and measurements of  the thermal inertia of  the 
stone masonry wall. We will carry out these sur-
veys on four main building types: an uninhabited 
building not restored; an inhabited and strongly 
refurbished building; an inhabited and properly 
preserved building; and an inhabited and not yet 
recovered building. In this way, we will analyze 
their energy behavior and evaluate the best recov-
ery interventions. Furthermore, we will weigh the 
effects of  the refurbishment works on the original 
characters of  the fabric and, lastly, estimate how 
much little works can improve building energy 
behavior (Fig. 9).

To have comparable results, the sample build-
ings have to be identified in the same place or vil-
lage in a way to be sure that they are built in similar 
environmental conditions, at the same altitude and 
that they are made of approximately the similar 
materials, so they can have similar transmittance 
values.

The second approach that we want to develop in 
the research involves the possible new uses of grenier 
and raccards, assuming that the original agricultural 
functions and the ancient standards of life cannot be 
proposed again and not every function can be suit-

Figure 8. Sun-oriented village with fronts facing north 
without windows (Bionaz).
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able for these small and delicate buildings. Instead 
of forcing the fabric to be adequate to our requests, 
it is maybe more logical to invert the approach and 
consider that it is not correct to expect in such build-
ings the same indoor comfort as in the city apart-
ment. Thinking about redefining the environmental 
comfort parameters could be an effective way to 
manage and not waste energy sources (English 
Heritage 2012). Another suggestion for sustainable 
reuse can be the possibility of inhabit the building 
only in some periods as it was used once when peo-
ple moved at different altitude levels according to 
seasons, following the transhumance.

Moreover, an interesting strategy could be to 
inhabit some parts of the dwelling, depending on 
weather conditions.

These suggestions can be very effective from the 
point of view of energy efficiency and above all, 
they can avoid intrusive works for the installation 
of energy systems like heating.

Finally, if  we consider the village as a whole 
regeneration area, the project transformation can 
localize the most important functions in the build-
ings with less conservation problems and identify 
some support functions in the protected buildings, 
which avoid heavy transformations.

NOTE

The paper is part of the ongoing PhD research 
Energy issues about Valle d•Aosta traditional build-
ings, developed within the PhD in Preservation of 
the Architectural Heritage at DAStU Department, 
Politecnico di Milano.
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ABSTRACT: The Cabanyal-Canyamelar district of Valencia, in contact with the Mediterranean Sea, 
has a heritage value recognized in 1993 when it was declared a place of cultural interest in the historic-ar-
tistic category. However, the area has a significant level of deterioration and it is urgent to enhance regen-
eration actions, especially for the buildings go heritage value. This paper presents the conclusion reached 
from a study developed about the energy performance of vernacular architecture in this neighborhood. 
Finally, it concludes that their traditional construction presents good behavior that complements perfectly 
the Mediterranean climate in which it is located. It has also been found that the building types have a 
potential to support future renovations, compatible with their heritage value, and also give value to the 
bioclimatic quality of the historic buildings in the neighborhood.

the Ensanche is an Asset of Cultural Interest (BIC) 
from 1993 (BOE 07/10/1993 & DOGV 10/05/1993). 
However, the Special Plan for Protection and Inter-
nal Reform (PEPRI) of the new urban plan of the 
City of Valencia (DOCV 26/06/2001) is threatening 
to destroy over 1600 homes and about 600 build-
ings due to the elongation of Blasco Ibáñez Avenue 
through the neighborhood. The urban uncertainty 
and abandonment of the area by the local author-
ity has resulted in the degradation of the area and 
the disappearance of many buildings.

From the energy point of view, we find very 
definite characteristics: its location adjacent to 
the coast, defined frame parallel to the sea, regu-
lar building height, access to abundant sunshine 
and access to sea breezes, and the use of a reduced 
spectrum of building types and materials.

1.2 Purpose and objectives

The aim is to find an objective answer to the prob-
lem presented in the energy renovation of older 
buildings, where it is difficult to apply and quan-
tify existing regulations. Specifically this research 
is intended to evaluate quantitatively the neigh-
borhood Cabanyal through the energy rating, to 
extract general energy-saving measures compatible 
with the heritage character of the area, to recog-
nize the urban and historic building types and 

1 INTRODUCTION

1.1 Interests of research and justification

The old housing stock forms a major part of the 
architectural heritage of a city. However, These 
buildings provide aesthetic and historic value with 
their large number and daily usage. In the end, the 
aggregation of dwellings is what makes the daily 
image of the city in which people live. On the other 
hand, interest in ecological and energy saving has 
evolved from a fad to a need of the population 
worldwide, and as such, legislation requires it. The 
national transpositions of EU directives remain 
that way: reducing energy demand, reducing green-
house gases and increasing renewable energy. The 
problem is that the legislation is usually created 
for new buildings. The application of the regula-
tions for new buildings to existing buildings always 
presents problems or is performed incompletely.

However, architecture has always given a 
response to the climate where it is. In the case of 
traditional construction, this response has usually 
been passive in character and can be found at both 
an urban and building level.

In this context, the Cabanyal district is pre-
sented as a unique opportunity. It is included in 
the Protected Historical Sets (CHP-2) by the 1988 
General Plan of Valencia and the original core of 
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neighborhood heritage value, to develop a data-
base where building types are identified, located, 
and characterized within the district, to energy 
characterize historic building types and finally, 
to prove that the vernacular architecture in the 
Cabanyal-Canyamelar district responds to loca-
tion and climate.

2 HISTORICAL FRAMEWORK OF 
THE CABANYAL-CANYAMELAR 
NEIGHBORHOOD

The Cabanyal-Canyamelar district arose independ-
ently, but in parallel to the city of Valencia. The 
Cabanyal we know today is the result of bringing 
the barraca, a farmhouse made of adobe, from the 
inland orchards to a coastal environment. Its struc-
ture consists of two parallel walls five feet high, on 
which two inclined planes, covered by reeds and 
cattail, converge. The opposing fronts are formed 
by two other vertical walls where doors and win-
dows are located. (Cavanilles A.J. 1797).

The Cabanyal, now a neighborhood of the 
maritime district of the city of Valencia, merged 
together with the fishing village, Canyamelar, 
located to the south with Cap de França to the 
north.

There is not much graphic or written informa-
tion before the sixteenth century. However, it is 
known that fisherman huts and barracas existed 
from the 16th century. Clusters of barracas formed 
the urban plan that remains in the current quarter 
(Fig. 1).

In 1821 the three locations, Canyamelar, Caban-
yal and Cap de França, come together from the 
New Pueblo del Mar, with municipal autonomy. 
This independence lasted until 1897 when the 
New Pueblo del Mar along with other towns was 
annexed to Valencia. As shown in contemporary 
drawings of the annexation, Valencia and Poble 
Nou del Mar are still separated by gardens and 
have very different urban grids (Fig. 2).

It is in the 19th century when two circumstances 
occur that definitely marked the evolution of 
Cabanyal. One of these events affected the build-
ings that were in the neighborhood. The barracas 
had always presented a problem with fire. There 
were great fires that destroyed much of the popula-
tion in 1796, 1797 and later in 1875. As a result the 
Municipal Ordinances prohibited the construction 
of new barracas and the repairs were restricted to 
a maximum of 3.

The other circumstance affected the extent and 
limits of the district of Valencia. In 1852 the rail-
way Valencia-Grao opened. Thus the expansion 
was impossible to the south. New railway lines will 
eventually encircle the Pueblo Nuevo del Mar.

3 URBAN ANALYSIS OF CABANYAL-
CANYAMELAR BIC

The urban grid of Cabanyal is very characteristic, 
with north-south linear blocks as the main axis 
crossed by perpendicular smaller streets. Most of the 
buildings are residential, one to two levels in height 
(Fig. 3) that are relatively well preserved. The later 
buildings, taller with larger plots, altered the original 
morphology of a low-rise neighborhood, as well as 
the relationship of dominant uses of ground floors.

4 ANALYSIS OF BUILDING TYPES

To obtain information regarding the urban grid 
and building types two major sources of informa-
tion have been used. One of these is the protected 

Figure 1. Geographic map of the beach population of 
the Valencia city from the Captain Alegre Farmhouse to 
Turia river. 1796 (Sambrico 1991).

Figure 2. Historical Valencia Map. José Manuel Cortina 
Pérez. (1899) (Llopis Alonso Perdigón Fernández 2010).

Figure 3. Map of building heights. Fragment of infor-
mation plane 8 over building heights PEPRI Cabanyal-
Canyamelar. (DOCV 26/06/2001).
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assets catalog of the Special Plan for Protection 
and Internal Reform Cabanyal-Canyamelar, and 
specifically the detailed sheets of the PEPRI Cat-
alog for the spatial extent of the BIC. The other 
source was thesis El Cabanyal: Reading the struc-
tures of the building. Typological residential Essay 
1900…1936 de Rosa Pastor (Pastor 2012).

4.1  Building types referenced in the Protected 
Assets Catalog

The building types collected in the Protected Assets 
Catalog divided into three types, identified as A, B 
and C, with a total of nine subtypes.

In Table 1, we can see a summary of the building 
types identified in the neighborhood Canyamelar. 
Figure 4 shows an example of subtype B1 (Fig. 4).

4.2 Evolution of building types Cabanyal-
Canyamelar from urban barraca

In Pastor•s thesis (Pastor 2012) we find a study of 
building types of Cabanyal from its origin as urban 
barracas. Initially the fragmentation generated by 
adding barracas presented high rigidity and resist-
ance to change. Variations due to aggregations, 
partitions, law duplication, ... generated various 
types of housing.

Type classification is based on the complete 
con-figuration of the buildings and in accordance 
with its program.

Type A: Single Family in a row.
Type B: Multi-family in a row with 1 dwelling per 

floor
Type C: Multi-family in a row with 2 dwellings per 

floor

The table above (Table 2) shows a summary of 
the building types generated from urban barraca.

4.3 Relationship between the classifications 
of building types

In order to unify and contrast data from the two 
main sources of information it was necessary 
to verify that we were working with the same 
constructs.

At first glance a clear relationship can be seen 
between the three types of each classification. The 
designation for detached buildings is Type A, Type 
B refers to multifamily housing buildings with a 

Figure 4. Example of facade subtype B1 (Corell Far-
inós, Monfort Salvador 2000).

Table 1. Summary of Protected Assets Catalog building subtypes (Source: Prepared by authors).

Type Subtype

Dewling type Hall Floors Stairs

Detached
Multifamily

1dew./
floor

2dew./
floor 2 floor Central Lateral 1 2 >2  

A A11 x  x    x x   Without
A12 x x x x Without
A21 x x x x Lineal 1 flight
A22 x    x x   x  Lineal 1 flight

B B1  x x   x x  x  Lineal 1 flight
B2 x x x x x Lineal several flights
B3  x x   x x   x Lineal 4 flights

C C1  x  x  x x  x  Lineal 1 flight
C2  x  x  x x   x Lineal > 1 flights
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dwelling per floor and C type is for multifamily 
buildings with two apartments per floor.

Finally, in this paper the classification estab-
lished in the Catalog has been used (Table 1).

4.4 Study of building types

The purpose of the study is to find the types and 
subtypes characteristic of the Protected Assets 
Cata-log. Once they have been modeled and evalu-
ated, it will give us an overview of their energy 
efficiency.

The investigation began with the 392 sheets of 
the Protected Assets Catalog PEPRI of Cabanyal-
Canyamelar, the relevant scope of BIC. However, 
after preliminary study it was found that these 
sheets corresponded to 402 buildings as some 
sheet are groupings of different buildings. The vast 
majority of the sheets presented enclosure protec-
tion, i.e. the image of the whole neighborhood is 
being protected. Also after this preliminary study 
of 402 buildings, 76 were discarded, as they did not 
correspond to any particular building type. There-
fore, 326 remained as the focus of this study.

From the study of the information collected, it 
can be concluded that the vast majority of build-
ings, 60%, correspond to type B. If  analyzed based 
on floor area (m2) and habitable volume (m3) a 
similar percentage is obtained.

The study of type A is limited and of little value, 
since there are only a total of 15. The study of type B 
shows that the vast majority of buildings (79%) are 
of subtype B1. Regarding the type C (89 buildings) 
95% correspond to subtype C1, two-storey apart-
ment buildings with two apartments per floor.

Considering the urban grid, it appears that the 
vast majority of building types have east-west 

orientation. Most of the buildings (89%) have 
pitched roofs, regardless of the buildings type. 82% 
of the buildings have two floors.

5 MODELLING

For the purposes of modeling, a theoretical build-
ing types for each subtype was proposed.

First, construction methods were modeled 
and from these, representative models were iden-
tified, measuring front facades and depths of  all 
buildings in plan, and studying the composition 
of  the facades. Finally, a computer model was 
created through the application CERMA 2.4 and 
to the east-west orientation (IVE & ATECYR 
2013).

5.1  Constructive modelling

The construction characteristics of the thermal 
envelope of the building types are very similar. 
To do this, the Retrofit Solutions Catalog and 
the Construction Elements Catalog were used, as 
developed by the Instituto Valenciano de la Edi-
ficación (IVE 2012, IVE 2010). Therefore, with 
reference to these documents, the thermal resist-
ance was calculated manually, using the method of 
DB-HE1 set out in Appendix E, Calculation of the 
Characteristic Parameters of Demand.

Regarding the design features of the building types, 
the facades are load-bearing walls of solid brick fac-
tory of mixed mortar of fat lime putty and portland. 
A foot and a half thick walls, plastered inside, with-
out a cavity, and plastered with hydraulic lime and 
sand mortar or fat lime putty and portland mortar 
(transmittance U = 1.95 W/m2 K).

Table 2. Building subtypes summary (Source: Prepare by authors from data of Pastor (Pastor, R. 2012)).

Type Subtype

Dewling type Hall Floors

StairsDetached Multifamily
1
dew./floor

2
dew./floor

2
floor Central Lateral 1 2 >2

A AL x  x    x x   Without
AC x x x x Without
AL1 x x x x Small stairs
AC1 x x x x Small stairs
A2 x    x x x  x  Lineal 1 flight

B BL  x x    x  x x Lineal 1 flight
BC x x x x x Lineal 1 flight
B2 x x x x x Lineal 2 flights
B4  x x   x   x x Lineal 4 flights

C CL  x  x   x  x x Lineal 1 flight
CC x x x x x Lineal 1 flight
C2 x x x x x Lineal 2 flights
C4  x  x  x   x x Lineal 4 flights
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The dividing walls have a thickness of half  a foot. 
They are solid brick load-bearing walls pointed 
with fat-lime-modified Portland-cement mortar. 
Overall the party walls are adiabatic elements 
without heat transfer, but in cases where they are 
exposed to the outside they have been considered 
as facades (U = 2.93 W/m2 K transmittance).

Soils in contact with the ground are part of the 
thermal envelope. Soils on treated soil, mortar 
and hydraulic tile 20 × 20 cm (U = 4.76 W/m2 K 
transmittance).

The roof is pitched and ventilated. If  there is 
no swath, a hurdle false ceiling with gypsum plas-
ter is constructed. The resulting chamber is venti-
lated with small holes in walls (U = 1.57 W/m2 K 
transmittance).

Other identified pitched roof is the one made 
of hurdle as economic variant of the above 
(U = 2.01 W/m2 K transmittance).

Also a flat roof of rasilla has been identified. 
A reed false ceiling with gypsum plaster is con-
structed. The resulting chamber is ventilated 
(U = 2.01 W/m2 K transmittance).

Regarding the windows, they are formed by sin-
gle 4 mm glass and wood frames mobila, and are 
mostly batting. They usually have wooden shutters 
and exterior blinds. These elements are used by the 
user to control the climate and, as much as pos-
sible, its modelling should be taken into account 
(Uv = 5.7 W/m2 K and Um = 2.2 W/m2 K).

5.2 Geometric modelling

The purpose of the study was to determine the 
actual energy-savings potential of the neighbor-
hood for the minimum conditions and services 
expected today of a dwelling. However, the analysis 
of historical types is not entirely real, because these 
structures did not incorporate toilets or bathrooms 
inside the houses, and both all rooms/alcoves venti-
late to the exterior.

The design and housing program based on the 
square meters of the housing and the following 
parameters was simplified to the number of rooms 
depending on area and the possibility of natural 
light, living room, bathroom, and a kitchen of 5 m2 
was assumed per dwelling.

It was decided to analyze the compactness, 
which is a parameter closely related to the energy 
consumption and CO2 emissions. The compactness 
is the ratio of the habitable volume and thermal 
envelope enclosing that volume in contact with the 
outside environment.

Regarding the composition of the facades and win-
dows, all information on the types and subtypes were 
collected, and great varieties of windows were found.

The urban environment, with its cast shadow, is 
also involved in the energy calculation.

5.3 Main features of the type modeling

To summarize, the Table 3 shows the U-values for 
subtype B1.

Systems for all subtypes were as follows: DHW + 
heating, with condensing boiler, without accumu-
lation, natural gas, DHW flow temperature 50°C 
and heating 80°C.

The boiler has a nominal heat output of 24 kW 
and a nominal yield of 90%. In the case of single-
family buildings an equipment covering an area 
corresponding to the entire habitable m2 has been 
installed (measured from the outside). In the case 
of multi-family buildings an equipment per dwell-
ing was installed covering conditioned soil corre-
sponding to half  of the plant where the house is 
located (measured from the outside).

Regarding cooling, the system proposed by 
default in CERMA application was taken in to 
(IVE & ATECYR 2013) having an EER (Energy 
Efficiency Electrical Grade) of 1.7.

In Figure 5, a building scheme model proposed 
for type B1 is presented, laterally, as an example.

Table 3. U-values of the walls in the modeling of sub-
type B1. 

Type B1

Correspondence BL BC

Walls U value facade (W/m2ºK) 1.95 1.95
U value divisory wall (W/m2ºK) 2.93 2.93

Floors U value ground floor (W/m2ºK) 4.76 4.76

Source: Prepared by the authors.

Figure 5. Building scheme model proposed for B1 type, 
lateral. Source: Prepared by the authors.
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6 MAIN RESULTS

Energy calculations at CERMA 2.4 application 
(IVE & ATECYR 2013) consisted of calculating 
13 construction subtypes, for the east and west 
directions, for a total of 26 computations. Further 
calculations were made to assess other specific 
improvements.

The following table (Table 4) of results shows the 
values organized in heating, cooling and domestic 
hot water CO2 emissions (kg/m2).

The vast majority of results have as an E energy 
rating. All types without exception have an E 
energy rating. It is noted that despite this, there 
are large differences between the results of differ-
ent types a better thermal performance in summer 
compared to winter. For heating E is the usual 
value, compared to the cooling rating of C. It is a 
jump of two letters.

Traditionally in Mediterranean and warm cli-
mates is built to address the summer has a more 
extreme climate than mild winter (Olgyay, V. 2004). 
These results reflect the traditional response of 
housing to the climate and its technological circum-
stances. In general all subtypes are quite compact. 
It is observed that there is a relationship between 
the compactness and the total CO2 consumption 
(kg/m2) of the building.

Regarding the orientations for all types there 
is a greater demand for west orientation than for 
east. There are minimal but steady increases. As for 
the blinds, shutters and curtains, it is found that 
proper use in summer reduces the demand values 
of cooling, being able to produce even a jump in 
the letter.

About 60% of CO2 emissions are due to the 
walls, both in the case of heating or cooling. In the 

case of heating, ventilation emissions are around 
30%. In the case of cooling CO2 emissions due to 
internal load are around percentages of 30%.

It has been checked that the traditional subtypes 
do not contain thermal insulation enclosures. There 
are several documents on its incorporation through 
retrofitting with a great potential of improvement. 
Note that the CERMA 2.4 application (IVE & 
ATECYR 2013) does not take into account the 
thermal inertia of the walls, i.e., does not consider 
the delay of the passage of heat through the wall, 
nor take into account the transfer of heat that can 
make the walls. This effect is beneficial in summer 
because it slows the passage of heat to the interior 
(Turégano et al. 2003). Walls of brick factories 
360 mm uninsulated provide a gap of 10.52 hours 
and total damping of 94%.

Analyzing the most common case, subtype 
B1 side corridor, with 2 cm of  insulation of  a 
conductivity 0.04 W/m2 K, in roofs, walls and 
floors, a letter D can be reached. To get a let-
ter C, you have to install low emissive glazing 
(U = 2.7 W/m2 K) and incorporate 6 cm of  ther-
mal insulation on roof  and walls. In general, only 
letter A is reached through a biomass boiler. The 
software also offers the possibility to propose 
improvements, combining demand and systems 
improvements.

7 CONCLUSIONS

Based on the analysis results, we have obtained the 
following conclusions:

The developed paper presents an information 
source for further study or to raise neighborhood 
and building renovation strategies under the BIC 
Cabanyal-Canyamelar of the Protected Assets 
Catalog PEPRI scope, Cabanyal-Canyamelar.

In this area the document can be used as base-
line studies for drafting bioclimatic ordinances. 
The traditional construction of Cabanyal gives an 
answer to the climate where it is located. The build-
ings have a good thermal performance in summer, 
but worse in the winter.

The customs of the traditional user as the use of 
blinds and shutters in summer is very good from a 
thermal point of view.

Different subtypes analyzed have an interesting 
potential for improvement compatible with their 
environmental categorization.

Official and recognized documents and tools 
for calculating energy demand and energy rating 
do not take into account thermal inertia. Nor do 
they allow thermal modeling of the use of renew-
able energies. Geographical areas with access to 
renewables (such as sea breezes) cannot show its 
rating lower consumption of CO2.

Table 4. Energy evaluation results. Source: Prepared by 
the authors.

Type B1central B1lateral

Compactness 2.76 2.71
Nº floors 2 2
Orientation E W E W

Total
emissions
(kgCO2/
m2)

Total Rating E E E E
Value 21.6 21.9 22.3 22.9

Emissions
(kgCO2/
m2)

Heating Rating E E E E
Value 16 16.3 16.7 17.3

Cooling Rating C C D D
Value 2.9 2.9 3 3

DHW Rating E E E E
Value 2.6 2.6 2.6 2.6
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ABSTRACT: Straw as construction raw material assures economical, environmental sound, fire-resist-
ant and quake-proof buildings, moreover it lends to self-construction and social housing. For all these 
reasons straw bale technology has been used in the post-earthquake reconstruction in Pescomaggiore, in 
the Municipality of L•Aquila, (Italy) after the last earthquake the 6th April 2009 (5.8 degrees on Richter 
scale). The house has been self-constructed by a team of volunteers in collaboration with EVA (EcoVil-
laggioAutocostruito) Pescomaggiore Association and a large part of the construction materials has been 
selected in order to reduce the impact of transportations. The paper is aimed at investigating the •hot 
spotsŽ of this solution and improving straw bale building technology. The results indicate that some mate-
rials can be substituted to assure smaller impact in pre-use phase. Furthermore an end of life scenario, 
considering the house compostable, has been analysed and a correct use of plaster in order to assure 
compostability has been investigated in the paper.

2 THE TECHNOLOGY

The straw bale technology has two main uses in 
the construction field: straw as structural material 
(Nebraska style or load-bearing) and straw as infill 
wall (post-and-beam). In both of them, the walls usu-
ally have the thickness of a straw bale, roughly 450 mm 
wide. These thick walls provide far more insulation 
than standard house walls filled with fiberglass, cel-
lulose, rock wool, or other fibers (Fugler et al. 2002).

In Europe, the insulation value of straw bale 
walls has been tested by 3 different research teams 
in Germany, Austria and Denmark. The German 
test has been carried out in the 2003 by the For-
schungsinstitut für Wärmeschutz (Danish Techno-
logical Institute 2003), according to DIN 52612 EN 
12667 ISO 8301, that standardizes the method of 
thermal conductivity evaluation. This test is stand-
ardized also in Italy, under the name of UNI 7891. 
The straw is dried at 70° to loose humidity, then 
pressed into a wood frame of 50 × 50 cm, thickness 
of 10 cm, up to reach the density of 90 kg/m3. The 
sample is positioned between two heat flow-meters 
and two plates having a constant temperature; 
the two plates have a difference of temperature 
of 15°C. ISO 8301 is the standard reference for the 
heat flow-meters; ISO 8302 is the standard reference 

1 INTRODUCTION

The interest in straw bale building technology is 
increasing mainly due to the low environmental 
impact of the material and the energy perform-
ances of the buildings. Straw bale walls have the 
capacity to control moisture, and its structural, 
thermal, and fire resistance performances are 
exemplary (Platts 1997).

Nowadays we clearly know that the goal of con-
struction should be to reduce the energy consump-
tion in the use-phase: we must use resources more 
efficiently, polluting much less possible. Straw as 
construction material can assure good insulation 
value. But the sustainability analysis has to con-
sider all phases of the life-cycle of the building, 
even if  •naturalŽ materials are used as construction 
materials. Furthermore, in a straw-bale house there 
is not only straw: all materials have to be chosen in 
order to minimize environmental impacts.

In fact, we have to conduct the building design 
with a holistic approach, with the aim of reducing 
energy, materials, waste and pollution in construc-
tion process, in the use-phase and in the decon-
struction process. A Life Cycle Assessment (LCA) 
approach could help designer and constructor 
improving ecological choices.
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for plates. The result refers to a temperature of the 
plates of 10°C, and is:

� 10, tr = 0,0379 W/(m	K)

The Austrian test has been carried out in 2000 
by GrAT (Gruppe Angepasste Technologie 2000) 
standing to the Austrian standard ÖNORM 
B6015-1. The result, referred to a dry sample and 
temperature of the two plates of 10°C, is:

� 10, tr = 0,0380 W/(m	K)

The Danish Technological Institute (Poulsen 
2001) has carried out in 2001 two different tests:

… measurement of � 10 of a 10 cm thickness sample, 
referring to the ISO 8302, both on •on flatŽ (straw 
fibers parallel to thermal flux) and •on edgeŽ 
(straw fibers perpendicular to thermal flux) and 
for density of 75 kg/m3 and density of 90 kg/m3;

… measurement of thermal transmittance U of a 
plastered sample, referring to the standard ISO 
8990.

The plates have temperature of 0°C on the cold 
side and 20°C on the warm side.

The results are shown into the Table 1 while the 
Table 2 shows a summary of the 3 European tests.

Considering the results for a 90 kg/m3 density 
sample, the medium average of thermal conductiv-
ity � 10 is of 0,048 W/(m	K). The fire resistance of a 
plastered straw bale wall has been tested in several 
experiences before 2002 (Theis 2003) according to 
ASTM E-119 (American Standard Test Method 
for Fire Test of Building Construction and Materi-
als 2000). The laboratory tests and accidental expe-

rience demonstrate that plaster strongly improves 
the fire resistance of a straw bale wall.

Furthermore, straw bale houses can be designed 
to survive earthquakes (Battersby 2009). Some tests 
on straw bale building were made in the laboratory 
of Network for Earthquake Engineering Simulation 
(University of Nevada, Reno, US), using a vibrating 
table and simulating an earthquake of 7,6 degrees 
on the Richter scale (like the one shook Pakistan in 
2005). The building proved to resist to an earthquake 
of double power than the one mentioned before.

3 THE PESCOMAGGIORE PROJECT

For all the reasons already explained, in 2009, when 
an earthquake, 5.8 degrees on Richter scale, shook 
the village, the inhabitants of Pescomaggiore, in the 
municipality of L•Aquila (Italy), choose to re-build 
their life in an self-constructed eco-village. A straw 
bale house of Pescomaggiore, promoted by EVA 
association and designed by BAG Architects, is a 
post-and-beam building, having a wooden struc-
ture based on a concrete platform. A large part 
of the material comes from regional suppliers, in 
order to reduce the impacts due to road transport.

3.1 Life Cycle Assessment of the straw bale house 
of Pescomaggiore

In order to assess the sustainability of the straw 
bale houses built in Pescomaggiore and identify 
the environmental hot spots of the system, a Life 
Cycle Assessment compliant with the ISO norms 
on LCA (ISO 2006) has been performed.

The assessment was carried out using a •from 
cradle to grave •approach considering as func-
tional unit the hole straw bale building with a sup-
posed life span of 50 years. The life cycle has been 
divided in 3 different phases:

… the construction of the building
… the use phase
… the end of life (EOL)

Several inspections at the construction site and 
interview to designers have allowed the collection 
of the data needed to perform the LCA. When pri-
mary data have not been available, literature data 
and the Ecoinvent database have been used.

In the construction of the building phase, the 
extraction and production of all the raw materials 
used have been accounted. Moreover all the trans-
ports needed to move the raw materials to the con-
struction site and the energy consumed have been 
inventoried in this phase. All the electric (31 kWh/
m2*y) and the heating consumption (20 kWh/
m2*y) have been considered in the use phase for a 
life span of 50 years.

Table 1. Results of Danish test.

Density kg/m3

Thermal Conductivity � 10 W/(m	K)

•on flatŽ •on edgeŽ

75 0,057 0,052
90 0,060 0,056

Table 2. Results of European tests.

Test Year
Density
kg/m3

Thermal
Conductivity
� 10 W/(m	K)

Germany 2003 90 0,038
Austria 2000 90 0,038
Denmark •on flatŽ 2001 75 0,057
Denmark •on edgeŽ 2001 75 0,052
Denmark •on flatŽ 2001 90 0,060
Denmark •on edgeŽ 2001 90 0,056
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A selective deconstruction has been presumed 
for the end of life of the straw bale house analyzed: 
a recycling process or a recovery process has been 
supposed for all the materials used, with the excep-
tion of the concrete, the plaster and the tiles which 
have been sent to landfill. Also the fuel and the 
energy consumed during the deconstruction process 
and the transports to recycling plant and disposal 
site have been included in the end of life phase.

3.2 LCA impact analysis and results discussion

In Table 3 the results for the characterization phase 
using the Eco-indicator 99 (I) V2.1/Europe EI 99 
I/A evaluation method (Ministry of Housing, 
Planning and the Environment of The Nether-
lands 2010) are shown.

Figure 1. The eco-village of Pescomaggiore: two of the 
straw-bale house units of the reconstruction project.

Figure 2. The Pescomaggiore reconstruction project: a 
detail of the analyzed straw-bale house.

Figure 3. The Pescomaggiore reconstruction project: a 
detail of the straw-bale wall.

Table 3. Results for the characterization phase.

Impact Category Production Use EOL Total

Carcinogens 
(DALY)

3,11E-03 1,22E-03Š1,09E-044,22E-03

Resp. organics 
(DALY)

3,30E-05 3,15E-05 2,58E-06 6,71E-05

Resp. inorganics 
(DALY)

4,03E-02 3,14E-02Š1,03E-037,06E-02

Climate change 
(DALY)

Š1,94E-03 1,08E-02 3,45E-04 9,17E-03

Radiation 
(DALY)

3,48E-06 1,06E-06Š9,40E-084,45E-06

Ozone layer 
(DALY)

1,19E-06 4,05E-06 1,62E-07 5,41E-06

Ecotoxicity 
(PAF*m2 yr)

1.610,0 4.710,0 Š19,6 6.300,0

Acidification 
(PDF*m2 yr)

699,0 1.240,0 80,1 2.010,0

Land use 
(PDF*m2 yr)

9.940,0 2.240,0 Š559,0 11.600,0

Minerals 
(MJ Surplus)

3.940,0 1.450,0 Š188,0 5.210,0

The raw material extraction phase and the con-
struction phase (Fig. 4) show the highest impacts 
in the carcinogens formation, the land use cate-
gory, the mineral depletion, the radiation emission 
and the inorganics respiration. The negative value 
for the global warming potential is due to the use 
of biomass (straw and wood) as raw material.

The use phase contribution is higher for the glo-
bal warming potential, the ozone layer depletion, 
the eco-toxicity and the acidification potential, that 
are usually the impact categories affected by the 
energy production process. The end of life phase 
(in yellow) shows a negative contribution (avoided 
impact i.e. positive effects for the environment) in 
several categories but has a positive value (i.e. an 
impact for the environment) in the organic respira-
tion, the global warming potential, the ozone layer 
depletion and the acidification potential because 
of the landfill process contribution.

Considering the normalization phase (all the 
impact categories are dimensionless in order to 
allow comparison), whose results are showed in the 
figure 5, the main contribution is given by the min-
eral depletion category. This is mainly due to the 
roof production. It is made of galvanized steel and 
its production site is in Austria so the transporta-
tion has also given a not negligible contribution to 
the total impact value.

4 CONCLUSION

The results of the LCA highlight the low impact 
of the system during the use phase, due to the 
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low energy consumption as effect of the good 
thermal performances of the straw. This point 
out that straw as raw construction material can 
contribute in reaching European targets in energy 
saving issues, as indicated by 2002/91/CE (Energy 
Performance Building Directive). Furthermore, a 
selected deconstruction of the building has been 
projected and this generates low impacts in the 
EOL phase. We must underline that a selected 
deconstruction is possible only if  the building is 
designed in order to reach this goal. In the ana-
lyzed case, a steel grid bearing the plaster has been 
placed between the straw bale and the plaster. This 
solution needs more attention during the decon-
struction phase than a straw bale wall directly 
plastered, but assures the separation of the plas-
ter (that goes to recycling) from the straw (that 
will become compost). A design for sustainability 
should involve the whole building process, from 
the materials supply to the construction materi-
als disposal. The experience underlines the impor-
tance of an LCA approach, even if  the materials 
used have good thermal performances.
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Studies on vernacular architecture in Italy: The experience 
of G. Ciribini (1913…1990)

D. Bosia
Politecnico di Torino, Torino, Italy

ABSTRACT: Since the 1930s, the growing interest in the traditional constructed heritage in Italy has 
promoted a systematic study and constructive analysis of vernacular buildings. Such work is still of great 
interest today in connection to sustainable development and strategies focused on enhancing the territory 
and landscape. The paper aims to present in particular the method of study on the vernacular architec-
ture developed by Giuseppe Ciribini and his experimentations on various mountain territories. Ciribini•s 
study highlights how the environmental conditions can strongly influence the building typologies of the 
mountain houses also within a same valley, anticipating the actual guidelines of research in the field of 
the built architecture.

•The importance of •recognizing the true auto-
chthonous tradition of Italian architectureŽ is 
stated in those years by the protagonists of mod-
ernism Giuseppe Pagano and Guarniero Daniel 
in the catalogue of the VI Triennial of Milan in 
1936 Pagano & Daniel 1936). Their essay on rural 
Italian architecture traces, for the first time, a pan-
orama of the state of architecture in the territory 
of the Nation, bringing back the attention to the 
detail, the relationship between building and envi-
ronment, and above all, the architectonic quality 
of constructionsŽ (Musso 2005).

Through rural architecture and the elements of 
local tradition, the authentic principles of Modern 
Architecture are established. As Pagano & Dan-
iel declared in the introduction to the VI Trien-
nial exhibition catalogue, •the study has the rural 
house as its subject: not the house of today but the 
evolution of the house from its primitive origins in 
order to deduce from this analysis the logical way to 
determine the form of the column house adapted 
to our times, to the modern needs, to the historical 
needs of our countryŽ (Pagano & Daniel 1936).

In fact, the interest for •the vernacular architec-
tureŽ in those years was, above all, turned to be a 
historical-evolutionary study of the building typol-
ogy and the traditional constructive elements with 
the intention of to use them, in a standardized 
way, in the new rural buildings. At that time, the 
building knowledge was not finalized to rehabilita-
tion, maintenance and conservation works but to 
make out the reasons of the traditional technical 
solutions.

As Pagano & Daniel wrote in the introduction 
to the catalogue of the Exhibition of Italian Rural 

1 INTRODUCTION

The development of vernacular architecture in 
Alpine and Prealpine valleys has followed the 
centuries-old construction traditions that in one 
meticulous study were revealed to be intimately 
tied to the place, its climatic characteristics and its 
ability to provide resources.

Rural developments of the Alpine valleys, the 
so-called •spontaneous architecture,Ž also defined 
by G. Pagano (Pagano & Daniel 1936) as •indis-
pensable constructions,Ž are actually the sum of 
long-established of uses, techniques, materials and 
respect for the environment which these days is 
regularly neglected. It is a tradition built up over 
time by man facing the natural difficulties created 
by the local environment with the means available 
and the materials offered by the place.

Since the 1930s, the growing interest in the tra-
ditional constructed heritage in Italy has promoted 
a systematic study and constructive analysis of ver-
nacular buildings. In particular, the approach to 
analysis developed and experimented by Giuseppe 
Ciribini, in this field, is still relevant today and pro-
vides the guidelines to current surveys and research 
works dealing with rural architecture.

2 THE FIRST STUDIES ON THE RURAL 
ARCHITECTURE IN ITALY

In Italy the first research on rural architecture dates 
back to the thirties and forties as a result of the 
joined work performed by architects like Giuseppe 
Pagano and Enrico A. Griffini, and geographers 
like Roberto Biasutti and Giuseppe Nangeroni.
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Architecture of at the VI Triennial of Milan in 
1936, •the inventory of rural architecture reveals 
an immense encyclopedia of abstract forms and 
creative expressions with obvious connections 
to the land, climate, economy and technologyŽ 
(Pagano & Sabatino 2010).

The studies of vernacular building in Italy 
were deeply influenced by the geographical matrix 
approach of Renato Biasutti in a considerable col-
lection of books. This work opened with a study 
on Tuscany (Biasutti 1938) and continued with 
numerous essays by different authors about its geo-
graphic matrix. The inventory of the rural houses 
in the national territory was edited by C.N.R. (Con-
siglio Nazionale delle Ricerche) from 1938 to 1979 
(Gambi & Barbieri 1970, C.N.R. 1938…1979).

•The field of studies came about as an attempt 
to fill the scientific and methodological •wedgeŽ 
between the Italian writings and those from countries 
beyond the Alps on the theme of the •rustic house.Ž 
In the face of the scarcity of existing published mate-
rial, Renato Biasutti promoted an accurate and vast 
description of the forms of rural habitation in Italy, 
in order to individuate the prevalent types in the dif-
ferent territorial areasŽ (Musso 2005).

3 THE G. CIRIBINI•S STUDIES ON 
VERNACULAR ARCHITECTURE

After graduating as a Civil Engineer at Milan 
Polytechnic in 1936, Giuseppe Ciribini, an emi-
nent professor of architectural technology, began 
his academic career as a voluntary assistant at the 
Architectural Design Department of the School 
of Engineering at the Polytechnic of Milan, at the 
time under the guidance of Enrico Griffini.

The first years at Milan Polytechnic was essen-
tial for Ciribini•s studies and experimentation, and 
in particular he dedicated his efforts to the •rural 
houseŽ theme on which he had concentrated dur-
ing his thesis.

Rural and Alpine architecture was Ciribini•s main 
theme of research throughout the 1940•s (Figs. 1…2).

The documents relevant to this field of research 
and, in particular, the notebooks he used for his 
surveying campaigns, show that Ciribini was actu-
ally more practical than theoretical, attentive to 
constructional details (Figs. 3…4) (N.B. he gradu-
ated with honours from Ruggero Cortelletti•s 
practical architecture course, in 1933 he was the 
editor responsible for the new edition of Formen-
ti•s •Building practiceŽ) while also interested in the 
historical and cultural aspects of traditional rural 
architecture. His critical view of rural architecture 
is certainly astonishing as it reflects aspects that 
today would be associated with environmental sus-
tainability and bioclimatic architecture.

Figure 1. Typical vernacular mountain building studied 
by G. Ciribini in the 1930s (Ciribini Archive).

Figure 2. Typical vernacular mountain building studied 
by G. Ciribini in the 1930s (Ciribini Archive).
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With the exploration of the •vernacular architec-
tureŽ topic using a strongly methodological slant

(Ciribini 1942), Giuseppe Ciribini succeeded to 
address with an innovative approach the topic of 
the relationship between culture and architecture, 
bringing to light the complexity of the interrela-

tions between constructive characters of the build-
ings and the socio-economic context.

G. Ciribini•s studies became part of a wider 
context of national research topics. In fact, back 
in the thirties and forties, the architecture section 
of the National University Centre of Alpine Stud-
ies promoted a series of systematic studies on the 
traditional alpine building industry that, through 
remarkably important historic and developmental 
phases of research and the statistical and critical 
investigation, would enable the implementation of 
tradition-based rules and standards in contempo-
rary architectural details and composition.

4 THE METHOD

The methodology used for these studies can be 
understood through the fundamental role of the 
survey: •the geometric survey will have to be com-
plemented by all the indications concerning the 
materials, their nature, their origin, and by the tech-
nologies and their conservationŽ (Ciribini 1942).

These survey specificities were considered the 
fundamental essence of the method, its •secretŽ.

The application of the mentioned method for the 
study of rural architecture developed by Giuseppe 
Ciribini begun with the classification of the build-
ings according to typological criteria, with refer-
ence to the aspects linked to the human activities 
and to the materials, according to chronological 
criteria and geographic criteria.

The method was organized in four phases:

… Local and general historical-evolutionary sur-
veying. This phase includes, in the first place, the 

Figure 3. Wood bearing structure of traditional thatched roof in North Italy (Ciribini 1943).

Figure 4. Traditional thatched roof building in North 
Italy (Ciribini 1943).
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building materials characteristics; on the possi-
bilities of conservation with special treatments, 
or with technical and technological modifica-
tion; on the possibility to replace parts of the 
building element, etc.

… Phase of normalization. Finally, the phase of 
normalization is linked to the main objective 
of the studies which is to redefine the elements 
of the constructive traditions, in a standardized 
way, in new rural buildings (Fig. 6).

The Second World War and the subsequent 
reconstruction phase shifted the attention of 
scholars like Ciribini towards the themes of pre-
fabrication and application of industrial methods 
in the building field.

The principles of standardization of the rural 
traditional elements had no really application 
developments.

Modern interpretations of elements based on 
Alpine tradition, however, can be found in the 
works of some Italian architects like Carlo Mollino 
(Brino 2006, Sabatino 2010) and Franco Albini 
(Prina 2005, Sabatino 2010).

5 RELATIONSHIP BETWEEN RURAL 
ARCHITECTURE AND ENVIRONMENT

The methodology to face in a systematic way 
the research on the rural and mountain architec-
ture has been experienced by Ciribini himself  on 
various mountain territories as the Valsesia, Anza 

Figure 5. Sketch on Ciribini•s survey notebook (Ciri-
bini Archive).

Figure 6. Studies on rhythmic composition of the typi-
cal •loggiasŽ of Valsesian houses: the loggias proportions 
are nearly related to the golden section (Ciribini 1943).

collection of informative, bibliographical and 
iconographic material, as well as the informa-
tion about geographic and natural conditions, 
local climate, building materials used, ethnic and 
historical conditions economic organization, 
culture, dialectal terms concerning the building 
art.

… Investigation about the building elements and 
critic-statistics survey. The phase of survey has 
to be structured according to a precise program, 
annotating on an appropriate •campaign note-
bookŽ the composition, the structural, func-
tional and decorative elements (Fig. 5). Then, 
the method provides the observation of the 
recurrence, in the studied region, of an archi-
tectural shape or a building detail, deducing the 
reasons of these. The identification of character-
istic building details in order to evidence techni-
cal characteristics, conditions for conservation, 
possible durability, etc., should be the output of 
this phase.

… Technical and formal improvement. In this phase, 
with reference to technical elements, hypotheses 
will be formulated: on the improvement of the 
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Valley, Gressoney Valley and Ayas Valley. With ref-
erence to Monte Rosa Valleys, for example, these 
experimentations has allowed to reconstruct the 
typological and functional evolution of the house 
identified as •Valsesian typeŽ and to investigate, 
in particular, the role of some architectonic char-
acterizing and recurrent elements, like the arcades 
and the loggias, and their relationship with the 
environments.

The system arcade-loggia is applied to the front 
of the traditional Valsesia house: it is a very impor-
tant elements to use as hallway but also to store 
and seasone the cereals.

From the direct surveys carried out on the built 
heritage of the region Ciribini established that the 
direction of the secondary axis of the traditional 
building always was comprised between the direc-
tions east/northeast„west/southwest and west/
northwest„east/southeast. This orientation deter-
mined the presence, in the construction, of one 
façade exposed to bright sunshine and another in 
opposite conditions. The arcade-loggia is opened, 
logically, to the sunny façade. On the contrary, the 
northern front is compact and closed at the rig-
ors and the penetration of humidity. The conse-
quent orientation of the primary axis, in direction 

sub-parallel to the valleys axis, explains the reason 
of the presence of the loggia lateral protections, to 
shelter them from the wind (Fig. 7).

The same study shows that the environmen-
tal conditions can strongly influence the building 
typologies of the mountain houses also within a 
same valley (Fig. 8), anticipating the actual guide-
lines of research in this field.

In the Anzasca Valley the buildings are charac-
terized, according to the local climate, by the loggia 
presence along the perimeter of the house or by its 
absence. In the zones with reduced rainfall the log-
gia are not present because the hay and the other 
harvests could be exsiccate outside, in the fields; in 
those with more humid climate, as Alagna coun-
tryside, the buildings are characterized by a loggia 
on various levels, developed along entire external 
building perimeter.

Figure 7. Orientation of the loggia in the traditional 
Valsesia houses (Ciribini 1943).

Figure 8. Ciribini•s studies on orientation of rural build 
(Ciribini 1942).
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6 CONCLUSIONS

The existing constructed heritage in rural spaces, 
while connoted by unexceptional and popular 
characteristics in addition to a fundamental and 
consolidated element of the landscape, represents 
a cultural and economic resource to preserve and 
valorise as the same time as respect the environ-
ment and landscape protection policies.

In fact, the enhancement of architectural herit-
age and its traditions is now widely acknowledged 
as a strategy in favour of the protection of the 
landscape and of the re-launching of rural and 
mountain territories.

According to this point of  view, owing to the 
extraordinary relevance of  the methods devel-
oped by G. Ciribini to interpreting the vernacular 
architecture, a series of  researches has been ini-
tiated with the aim of  developing methodologi-
cal tools (as technical guideline) to support the 
rehabilitation and maintenance work of  build-
ings typical of  the mountain or rural environment 
(Bosia 2006).

The methodology used in these researches is 
based on Ciribini•s studies: it is based on an analysis 
of the structure and its relationship with the envi-
ronment and conducted on several levels (regional, 
building, and details), finalised at recognition of 
the characterising elements, both with respect 
to the settlement and with respect to the specific 
building and technological characteristics and the 
historic and cultural trajectory that it produced.

Therefore, recognising the specifics in the 
relationship with the environment represents an 
important element to understanding the •reasonsŽ 
behind the structure and a substantial element to 
be able to intervene, including with new and appro-
priate expansions that respect the rules that have 
characterised the historic evolution of the specific 
type and using the environmental resources on 
offer as judiciously as possible.

The main objective of these methodological and 
technical supporting tools, beyond an improbable 
generalization that is not strictly procedural and 
methodological, consists in learning from the past 
to be able to manage the future more competently 
and in contributing to preserving and valorising a 
cultural heritage that is fast disappearing and its 
particular documentary proofs, contributing more 
generally to the protection of the natural mountain 
territory.

Although the Ciribini•s studies were aimed to use 
traditional elements in new buildings, the method 
of analysis of the existing buildings can be success-
fully applied to study the vernacular architecture 
with the aim to steer restoration works.
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Guidelines for rehabilitation of vernacular architecture
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Politecnico di Torino„DAD, Turin, Italy

ABSTRACT: The conservation of vernacular architecture is considered a strategic action for preserving 
rural landscape. The Italian regions have promoted in recent years„through the Programs for the Rural 
Development„the creation of guides for the refurbishment of rural architecture, officially integrated to 
municipal building regulations. Considering the Piedmont Region territory, many guides have been adopted 
in different areas. Those guides are different in structure; methodologies used to analyse rural buildings, 
materials and traditional building technologies; requirements and guidelines addressed to conservation 
and refurbishment. The Piedmont Region supported the adoption of each guide by funding demonstrative 
interventions, designed in accordance with the recommendations described in each of them. The research 
proposes a comparative analysis of the adopted guides and a monitoring activity of early refurbishment 
interventions, in order to give feedbacks concerning: the methodological approach of guides, the effective-
ness of requirements and guidelines, the compatibility with the municipal regulations.

1 THE REGIONAL RURAL 
DEVELOPMENT PROGRAM

Many small villages in Piedmont, as in all Italian 
rural areas, are affected by depopulation, con-
stantly negative demographic trend, and socio-eco-
nomic marginality. The 88,9% of the municipalities 
in Piedmont does not exceed 5,000 inhabitants and 
the 45.7% of them are in mountain areas, where the 
conditions of access and usability of the space and 
the lack of infrastructure make difficult the settle-
ment and the development of productive activities.

The socio-economic marginality of small towns is 
deeply analysed in two official documents: the Rural 
Development Program 2007…13 (PSL) and a study 
by IRES Piemonte. In the latter, a synthetic index of 
marginality is introduced and calculated for all the 
municipalities with less than 5,000 inhabitants. The 
index is calculated on the basis of selected variables: 
demographic indices, data concerning income and 
wealth, availability of public services, presence of eco-
nomic activities. The municipalities with a negative 
index are considered •marginalŽ from the socio-eco-
nomic point of view. Considering the municipalities 
in mountain areas (overall 480, the 40.6% of the 
total), the 57.2% have a negative index of marginal-
ity, while the 42.8% a positive one (Fig. 1).

The Rural Development Program (PSL) is an 
official policy document adopted by the Region, 
in order to settle measures and actions, aimed at 
supporting the economic activities of rural areas, 
with particular attention to the territories affected 
by depopulation. In the introductive study of the 
PSL the territory of the Region is analysed on the 

based of agricultural activities. The areas identified 
as •areas with development problemsŽ includes 
almost all the municipalities in mountain and foot-
hill with negative index of marginality (Fig. 1).

The PSR has a comprehensive approach and 
promotes actions aimed at the development of rural 
economy, some of them are specifically addressed 
to the conservation and valorisation of traditional 
architectural heritage. The actions of the PSR are 
applied by GALs (Local Action Groups), public 
bodies, which involves many municipalities belong-
ing to the same territory.

Each GAL develops a Local Action Plan, which 
put into action some innovative interventions, 
thanks to PSR finances. In Piedmont there are 13 
GAL, involving 586 municipalities (the 48,0% of 
the total in Piedmont) with overall 696.375 inhabit-
ants (the 15,0%). With the exception of a few areas, 
where the food and wine tourism or the winter 
sports produce a high level of economic develop-
ment, all the GAL municipalities are in a condition 
of socio-economic marginality (Fig. 2).

The conservation of the rural architecture can 
be considered a key action for the re-development 
of marginal areas, especially for the small towns, 
which still maintain traditional characters and have 
not been affected by the intense building activity, 
occurred in Italy after World War II. The most 
significant actions concerning vernacular architec-
ture„planned and funded by the PSR, but man-
aged by the GALs„are the adoption of guides for 
the conservation of rural heritage and the funding 
of demonstrative projects for the conservation ad 
refurbishment of traditional buildings.
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2 A COMPARISON BETWEEN THE 
GUIDES

Twelve of the thirteen GAL developed a Guide for 
the conservation and refurbishment of vernacular 
architecture, in agreement with the measure 323 of 
the PSR •Protection of upgrading of rural herit-
ageŽ. The process of adoption and integration in 
building regulations encountered many difficulties: 
according to the results of our monitoring, 18% 
of the municipalities belongings to GALs haven•t 
got a Building Regulation and only 16% adopted 
it officially. If  the development of the Guides is, 
in any case, a positive experience for the growth 
of knowledge concerning traditional architecture, 
there are some difficulties in using them as tools 
for professional activities. Although they have the 
same target„to be integrated in Building Regula-
tions, supporting the conservation of vernacular 
architecture„and they are descendants from the 
same measure of PSR, the twelve guides are very 
heterogeneous in structure and contents. In order 
to verify their effectiveness as supporting tool, the 
guides can be analysed on the base of two different 
levels, corresponding to the activities which they 
should facilitate: the identification of buildings 
and elements considered an expression of vernacu-
lar architecture and the prescription of the inter-
ventions required for their conservation.

The first level consists in the recognition of the 
•objectsŽ (buildings or single building elements), 
which are expressions of traditional architecture 
and play a key role in the rural landscape. In order 
to facilitate their identification, guides provide dif-
ferent tools, described below.

Studies concerning the development of rural set-
tlements and descriptions of the main characteris-
tics of local rural architecture. This kind of study, 
generally, identifies and describes how vernacular 
architecture have been developed in different homo-
geneous geographical areas, the settlement model, 
the archetypes, the building typologies and the local 
materials„used and available in a specific context. 
Although for some of them it is only an introduc-
tion to the descriptive sheets, all guide include this 
kind of study, but with a different level of analysis. 
The study is always interesting from the cultural 
point of view, but, because of the form in which 
the contents and the information are expressed, it is 
difficult to use it as a tool for checking and verify-
ing a project or a procedure of refurbishment.

… Descriptive sheets for the different typologies 
of buildings and the different building systems 
and elements belonging to the rural tradition. 
In the sheets, generally, the •ruralŽ elements are 
described, analysed in their shapes, functions 
and also degradation phenomena, shown thank 

Figure 2. Municipalities which are part to GALs and 
areas •with development problemsŽ, as indicated in the 
regional Rural Program of Development (PSR) (L. Savio).

Figure 1. Municipalities with negative index of margin-
ality and municipalities belonging to GALs (L. Savio).

The guides are designed to be integrated in 
Municipal Building Regulations, in order to 
become a effective tool, through which verify the 
compatibility of refurbishments to the conser-
vation issues. As an annex to municipal building 
regulations, the requirements introduced by guides 
should be clearly defined, in order to reduce the 
risks of different interpretations.
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to a more or less rich collection of photogra-
phy and construction details. The contents are 
selected and organized in order to allow the rec-
ognition of traditional elements by analogy with 
the examples. This tool should respond more 
effectively to the need of identifying„building 
owners, architects and public officers„the 
"objects" which are expression of the vernacular 
architecture and so must be preserved.

  The second step is to indicate the more suita-
ble and compatible interventions for the conser-
vation of vernacular architecture. Concerning 
this point, guides have very heterogeneous con-
tents. We can distinguish different levels:

… Absence of guidelines or extremely generalist 
prescriptions, limited to suggest the conserva-
tion of buildings and traditional elements in 
accordance with the traditional techniques and 
original materials.

… Guidelines and recommendations. Many guides 
illustrate the interventions of conservation and 
refurbishment considered •compatibleŽ. The 
guidelines suggested are generally explained 
by sketches and photographs of case studies 
belonging to the local territory, or selected at the 
international level; negative examples are often 
shown. Thanks to the report of international 
"best practice", some Guides suggest also new 
approaches to address the relationship between 
old and new architecture, with the reinterpreta-
tion of the tradition (technologies and material) 
using an explicit modern language. The diffi-
culty of express those contents in prescriptions 
for the building regulations is evident.

… Identification of interventions considerable eli-
gible and ineligible. Some guides reported„in 
additions to the guidelines, the examples and the 
best practice„a clear list of interventions, which 
are allowed for each buildings typologies and 
building systems and elements. Eligible interven-
tions are generally addressed to the refurbish-
ments of buildings, keeping their traditional 
characters, interpreting the conservation as a 
controlled transformation with a compatible use. 
The list of eligible and ineligible interventions is 
the most effective tool from the operative point 
of view, although the interpretation of prescrip-
tions by architects and public officers should 
affect strongly the results. One of the most criti-
cal points in the refurbishment of rural buildings 
is the adaptation to regional energy regulations, 
respecting the specific prescriptions concerning 
thermal insulation for different elements of build-
ing envelope (wall, windows, roofs, partitions to 
unheated spaces). The issue is dealt with only in 
a few guides, which consider among the eligi-
ble interventions also the increasing of thermal 
resistance, excluding the insulation of the walls 

with the outer coat. Some guides shows solutions 
with a low impact to the external appearance 
(such as the use of a double door or window to 
avoid replacing the traditional ones, which have 
low thermal and acoustic performance). Only a 
guide has a section dedicated to the integration 
of systems for energy production from renewable 
sources, which is strongly supported by other 
regional policies.

3 THE EFFECTIVENESS OF GUIDES

Even when the guides have a clear structure and 
the contents are organized in sheets, there are 
still some difficulties, which compromise their 
effectiveness as a tool for the conservation of tra-
ditional architecture. The building systems and 
elements described by the guides as expression of 
the vernacular architecture are usually extremely 
simple (windows, stone chimneys, roof coverings, 
wood or iron railings, external stairs and wooden 
balconies, wall decorations...), with a low material 
and economic value and, often, they are degraded. 
Many of those elements, however, contribute sig-
nificantly to •drawŽ the rural landscape.

Our current regulations allows to replace or 
modify many of those elements without any super-
vision by the local administrations, bypassing actu-
ally the guides, although they are officially approved 
and integrated to the building regulations. In many 
cases rural buildings, which are not bound by the 
law on cultural heritage, can be totally demolished 
and reconstructed with the same volume and shape; 
but the results are necessarily different, because the 
use of traditional technologies and materials is often 
unaffordable or unfeasible. In addition, the pre-
scriptionsgiven by guides, however well expressed, 
cannot be fully parameterized, as long as the con-
servation and the refurbishment issues are needed 
to be critically evaluated case by case. Anyway, the 
guides can be considered a useful tool for building 
owners and architect, giving the main guidelines for 
the conservation of vernacular architecture.

Figure 3. Municipalities„belongings to the 13 GALs„
with and without Building Regulation (L. Savio).
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4 PROPOSAL FOR THE 
IMPLEMENTATION OF THE GUIDES

The PSR 2007…13 has now reached the end of 
the programming and the new program is being 
drafted. The demonstrative interventions of refur-
bishment, supported by PSR and selected on the 
basis of compliance to the prescriptions given by the 
Guides, are currently in progress. The 279 interven-
tions, although they are distributed very unevenly 
in the 13 GAL, are an interesting test in order to 
verify the effectiveness of the requirements intro-
duced by guides, with the opportunity to gather 
valuable feedback in order to correct, or rearrange 
their contents. The guides analyse the vernacular 
architecture necessarily with some simplifications, 
but, observing the real interventions, we have to do 
some considerations:

… Many traditional buildings have been severely 
compromised by not compatible refurbish-
ments and are now "hybrid" organisms. It is 
necessary to develop a critical approach to deal 
with the conservation of the residual traditional 
characters;

… In many cases, it is not possible to suggest the 
use of traditional building technologies because 
the know-how is not yet available, as well as 
many local materials.

If  we consider to set up a systematic monitoring 
activity of the demonstrative projects, the differ-
ences in structure and contents of the guides, may 
represent an opportunity to understand what are 
the most effective tools (sheets, positive and nega-
tive case studies, international best practices, lists 
of eligible and ineligible actions, ...) to address the 
conservation of the rural architecture. However, the 
region has underestimated the need to coordinate 
the development of guides by imposing a template, 
a frame of the core contents and a uniform lexicon, 
in order to organize more systematically the spe-
cific contents of the research promoted by GALs. 
Despite the specificities of each territory, vernacu-
lar architecture have some recurring characters, 
elements and building typologies, which should be 
analysed in a uniform way, avoiding the adoption 
of different requirements in different territories. 
Bringing into alignment the guides is considered 
crucial to make more effective their use as an opera-
tional tool, before the kick-off of the next PSR.

5 CONCLUSION

The conservation of traditional buildings can play 
a key role in the development of areas with prob-
lems of marginality, as happened to the Langhe 

territory, which is now candidate to become a 
UNESCO heritage site for its unique rural land-
scape. The Guides for the conservation and refur-
bishment of rural architecture introduced by the 
PSR have an inherent limitation: they provide 
prescriptions„as objective as possible„concern-
ing an issue„the conservation„which requires 
a critical approach case by case. However the 
guides may provide effective knowledge in order to 
improve the quality of conservation and refurbish-
ment. The monitoring of results achieved, with 
the adoption of the guides from the municipalities 
belonging to the GALs in the demonstration inter-
ventions funded by the PSR, can be considered a 
strategic operation to improve the effectiveness of 
tools addressed to the conservation and valorisa-
tion of traditional architecture.
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ABSTRACT: Vernacular theory is of one accord with regard to the significance that it holds to posi-
tively impact communities world-wide. However, cultures globally inhabit social environments far differ-
ent from what is culturally considered a vernacular townscape. It is therefore essential that those involved 
in the built environment explore the role of undocumented psychological perceptions within communities. 
People often associate the socio-economic status of people in their community with the building material 
of their houses. Furthermore do people conform to •keep up with the JonesesŽ by living up to the norm 
in their built environment. The purpose of the paper is to support the use of human perceptual psychol-
ogy as an asset to existing vernacular strategies to encourage vernacular heritage worldwide. Klineberg•s 
understanding of social psychology is analysed with in a vernacular construct, whereby perceptions are 
linked to both the behaviour of a culture as well as the individual, resulting in social behaviour through 
imitation and conformity. The understanding and impact of culture and social values are considered, 
together with the relationship that exists between variables both socially and individually.

This paper aims to provide the reader with the 
theoretical positioning of perceptions linked to 
behavior of culture and the individual. Percep-
tions are influenced by the status and role of the 
individual (me) in a community culture (the oth-
ers). Attention will be drawn to the consciousness 
of vernacular architecture as not only a social and 
intellectual discourse but moreover psychological. 
This is followed by a discussion on social behav-
ior of imitation and conformity within a cultural 
group. Both the individual and the culture react on 
a personal level but also in their built environment 
through imitation and conformity according to 
their own and their communities• role and status 
(Klineberg, 1961: 363). It is argued that an under-
standing of the perceptions held by the populace 
within a specified cultural context of vernacular 
architecture would provide insight that can be use-
ful if  a vernacular strategy guides contemporary 
application. To illustrate the argument the simi-
larities between traditional decorations on mural 
art form of rural Basotho houses in central South 
Africa will be observed and can be compared to the 
contemporary mild steel and iron fences of a sub-
urban area inhabited by mainly Basotho speaking 
home-owners in the same part of South Africa.

1.1 Perceptions in the vernacular environment

Perceptions concerning vernacular architecture 
have early beginnings with the Latin description, 
•things that are homemade, homespun, home-
grown and not destined for the market place• 

1 INTRODUCTION

Understanding the factors that influence per-
ceptions of vernacular architecture will enable 
participants of the built environment to design 
and implement strategies accordingly. The loss 
of vernacular heritage and skills„relating to the 
architectural discourse„is an on-going problem 
surrounding the loss of cultural identity, tradi-
tion and social equity (Frescura, 1981: 75; Sawyer, 
1992).

Studies on the subject of vernacular architecture 
demonstrate responses of the continued stigma 
associated with the •backward past•, under-devel-
opment and poverty (Asquith, 2006: 1…2; Oliver, 
1997: xxii) and material and aesthetic changes that 
bring about continued support for westernized and 
modernized influences (Maxwell, 1996). But still 
vernacular architecture holds a laudable position 
as a tool for skill transfer, apprenticeship, com-
munity participation and improved sustainability 
(Steenkamp & Whitfield, 2011). The positive utili-
zation of available materials, resources and technol-
ogies together with vernacular architecture as tool 
give rise to socially conscious architecture (Popescu, 
2006). Furthermore the problems with vernacular 
buildings are not only technical but connected to 
community involvement and the perceptions held 
of the image of material and technology.

The acceptability awareness of vernacular archi-
tecture within communities have been reported 
(Hamdi, 1985), but limited information and evi-
dence from studies are available.
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(Bourdier & Minh-ha, 1996: x), while comparable 
views consider vernacular as the embodiment of 
social values, ecological, economic, material and 
political interrelations (Ozkan, 2006; Fathy 1986; 
Lawrence, 2006).

The principals of vernacular architecture 
together with the perceptions held„with the 
primary purpose of edification in the •market 
place• … are essential for continued contemporary 
applications. In order to improve the understand-
ing and impact of culture and social values on an 
individual personality one needs to consider the 
relationship between variables at both a social and 
individual level. See Figure1.

According to Rapoport (1977: 3) the direct 
effects of the environment, directly affect the 
behavior, mood, satisfaction, performance and 
interaction. The indirect effects of the environ-
ment are used to draw conclusions about the social 
standing or status of its occupants and behavior is 
modified accordingly.

It can be argued that a house can become a per-
sonal expression that reflects the social standing, 
status or persona of the homeowner(s).

1.2 Culture and personality: Status, role 
and individual

From a psychological point of view, Klineberg 
(1961: 356) explained the social level variables of 
culture; and individual level variables of personal-
ity; as a spurious problem and false dichotomy. He 

positions the expression of culture in behaviour on 
the one hand and the attitudes of individuals on 
the other. Argued further, is the view of personality 
as •the process of enculturation• and the result of 
a surrounding culture. Linton (cited in Klineberg 
(1961:363) added to Klineberg•s view, status as 
the position held by an individual in a particular 
system occupied at a particular time and role as 
the cultural patterns associated with a particular 
status. The role of an individual therefore includes 
the attitudes, values, and behaviour ascribed by the 
society and all persons occupying this status. New-
comb (cited in Klineberg, 1961: 363) held that a 
society•s• existence is dependent on the individuals 
within to •take on the role behaviours expected of 
themŽ. Furthermore are attitudes and behaviours 
influenced by role and status that are related to 
other variables such as age, sex, class and various 
other factors (Klineberg, 1961: 374). The traditions 
in the cultural context should also be considered.

1.3 Tradition

Bronner (2006: 5) recently supported the notion 
that the authority held by tradition should be seen 
as a reference to the learning that generates cultural 
expression. It is further suggested that the intangi-
ble cultural heritage, which is closely related to the 
spiritual life, value systems, visions of cosmology 
and social practices of peoples and communities, 
is embodied in cultural identity (Aikawa-Faure, 
1996: 97). The significance of cultural identity and 

Figure 1. Analytical Diagram to explain Linton and Klineberg•s process of enculturation between culture and per-
sonality that influencing perceptions (Bosman).
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tradition within the architectural practice is often 
overlooked to allow for the prevailing Western 
influence (Anderson, 1977). French geographer, 
Vidal de la Blache conceived the idea of genre de 
vie, which is the belief that the lifestyle of a par-
ticular region reflects the economic, social, ideo-
logical and psychological identities imprinted on 
the landscape (Popescu, 2006: 191). Architecture 
and identity, individual and collective, appear to 
be essentially connected. This is true particularly 
for communities, since they identify themselves 
with the place where they have evolved (Popescu, 
2006: 191).

Furthermore Ngowi (1997: 289) reminds us 
that in traditional European societies the master 
mason or carpenter headed the construction team 
as architect and contractor. This is in contrast with 
other traditional non-European societies whereby 
community participation in construction was an 
activity for all members, thereby allowing skills to 
be passed down from one generation to the next. 
As tradition is the way of living or doing things 
in a manner that is handed down, it is vital that 
within the architectural profession, vernacular 
architecture is not associated with designing and 
building in the manner of the poor and poverty-
stricken. Accepting the latter position and popular 
perception of vernacular architecture, the manner 
in which vernacular architecture is introduced, re-
introduced or supported within a specific context 
is of paramount importance. The implementation 
of indigenous building techniques and materials in 
contemporary architecture recognizes that archi-
tects are in a unique position to revive people•s 
faith in their own culture (Fathy, 1986: xx).

1.4 Imitation

The local market presents demands on the built 
environment that, at first inspection, seem typi-
cal to the context. On closer examination however, 
it becomes obvious the way that one person may 
shape others through imitation or direct (and usu-
ally immediate) reproduction. Nothing imitative 
is equal to that being imitated (Steenkamp, 2012: 
124). It is essential to consider the manner and 
degree the behaviour of an individual is altered by 
the presence of others within the cultural context 
(Klineberg, 1961: 437).

This imitation is exaggerated if  the act already 
possesses meaning and functional significance to 
the mimic and only to the extent that one desires 
to imitate. If  it appears to have brought success to 
others the behaviour may be imitated even more.

Communities and individuals do not learn by 
imitation, but learn to imitate. The imitation can 
furthermore be extended to other individuals and 
new situations if  it has been found successful to 

a given problem. Imitation is not a force or an 
instinct, but occurs when the action has value for 
the subject (Klineberg, 1961: 441). Some customs 
created through imitation tend to lead to conform-
ity in group situations.

1.5 Conformity

One needs to consider why individuals are always 
willing to accept uncritically the customary behav-
iour of their communities where one of the con-
sequences of a group situation is the tendency to 
conform (Klineberg, 1961: 457). Bagehot (cited in 
Klineberg, 1961: 457) suggests four main reasons 
for customary conformity without the necessity 
of assuming that custom in itself  has power and 
authority as even the leader or the genius must 
•follow• the group (Klineberg, 1961: 458). The first 
phenomenon is the power and importance of the 
group whose ideas tend to be accepted. The second 
reason is the fact that the individual often knows 
no other customs than those of his own commu-
nity (relative small isolated groups) if  unfamiliar 
with any alternative. The third aspect is that the 
individual who does not practice the customary 
behaviour related to the social and economic life 
of the group will soon be regarded as outside the 
system of duties that life in the community may 
depend. Finally there may be punishment for 
transgression. In small communities it takes the 
form of ridicule.

A narrative by Soyinka (cited in Elleh, 1996: 
341), dramatized the effects that changes not cus-
tomary within the social and economic life of a 
group had. The narrative follows a village teacher 
deciding to rid himself  of his traditional past by 
refusing to pay the customary bride price since it 
was not •civilized• to do so.

The teacher believed that he could win the 
girl he loved through civilized romance, the way 
educated men and Christians do. To his dismay, 
the girl was disgusted by his intentions. She did 
not understand this method of enticement. The 
teacher•s efforts resulted in him not only losing his 
•bride•, but also realizing that his dreams of con-
verting the small village he was from, into a promi-
nent city, could only be done by •divorcing the 
past and clearing the jungle for the railway tracks 
and every other thing that represented the progress 
in the modern cityŽ. Fathy (1986: xx) supported 
teachers and •authoritative criticsŽ involved in the 
built environment to learn that •courting• villages, 
traditional societies and communities is best done 
by making reference to the past and honoring the 
culture and values of the people. But people are 
not always ready to make changes since Klineberg 
(1961: 507…508) defined attitude as a state of read-
iness for certain types of responses.
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2 DISCUSSION

According to Katz (cited in Silverman, 1979: 6…12), 
without knowing the prevalence and intensity of 
an attitude one cannot predict its influence. The 
response in the built environment is often through 
the imitation of others or due to personal experi-
ences of various kinds. It is often expressed in the 
form of stereotype or •picture in our headsŽ that 
influences public perception, behaviour and social 
acceptability. One needs to address the issue relat-
ing to contemporary architecture (that also com-
mands a considerably higher market-price and 
social acceptability) when compared to the ver-
nacular counterpart.

Recent qualitative case studies conducted by 
Stevenson (2006: 257) followed an approach to 
people•s attitudes associations and understanding 
of construction materials in Scotland. The find-
ings suggested that people have a deep tacit knowl-
edge of materiality that draws on the ecological 
•affordancesŽ offered by material indicators. These 
affordances are based on Gibson•s theory of eco-
logical perception. The ecological approach, also 
supported by Lawrence (1997: 31), views human 
ecology as a holistic interpretation of the ecological 
and human processes, products, orders and medi-
ating factors that occur at all scales of the earths• 
surface and biosphere. It connotes an integrated 
framework for the analysis and the comprehension 
of the interrelation between the constituents of 
biologic, ecologic and anthropologic perspectives. 
Stevenson (2006: 257) utilizes the theory of eco-
logical perceptions, addressed respondents• occu-
pation and childhood context related to their tacit 
knowledge regarding building material.

This supports the notion that a bioregional 
approach should be adopted for material and 
product specification to empower users to take 
responsibility and ownership for the materiality of 
the buildings they live and work in.

A recent South African study by Steÿn (ed.) 
(2009) suggested that vernacular earth construc-
tion can be a sustainable building method in South 
Africa. This was achieved by pointing out relevant 
research and providing adequate examples world-
wide. This study high-lighted the fact that natural 
buildings (traditional and produced with very little 
energy use) do not always support the materiality 
argument that natural materials will be preferred 
and are more accepted in general.

Traditional vernacular building in central parts 
of South Africa shows an identity that has changed 
with an availability of corrugated iron and a lack 
of natural thatch grass for roofs. The circular 
plan form has developed into a rectangular plan 
where minimum timber roof beams carry the cor-
rugated galvanized iron roofs. Figures 2…4 show 

this typological development from circular plan 
to rectangular plan form as a result of the roofing 
material available.

The cultural context still often overrides the 
idea of what is acceptable building materials and 
what is not acceptable. Maxwell (1996) thoroughly 
debated the materiality of natural building materi-
als, deducing that if  (only in materials), design con-
fronts hostility„existing between vernacular and 
modernity„in such a way that cultural tradition 
views the past through rose-tinted glasses, just as 
modernism does the future. Steenkamp (2012: 32) 
deliberated that the final confrontation would exist 
as vernacular architecture; indigenous knowledge; 
and community perceptions; accept their position 
in the architectural discourse.

To illustrate the argument an observation of 
decorative motives of the plasterwork textures 
usually done by the women of the Basotho house-
hold in central South Africa (near the mountain 

Figure 2. A small homestead in adobe and wattle and 
daub techniques in Magolokweng near Harrismith in 
central South Africa (Bosman).

Figure 3. An adobe house in Tsiame near Harrismith in 
central South Africa (Bosman).

Figure 4. A wattle and daub house in Magolokweng 
near Harrismith in central South Africa (Bosman).
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kingdom of Lesotho) can be done. These textured 
patterns done in oxide and different colors clay 
locally known as litema (pronounced„di-te-ma ),  
consist of small pebbles inserted into the wet clay 
plaster surface of the buildings or by scraping the 
wet clay plaster surfaces with different objects to 
get a textured plaster finish.

These decorative motifs also appear in the sub-
urban context of central South Africa in the way 
houses are decorated, but in different forms. Sub-
urban homeowners show cultural connections with 
their vernacular past despite the low acceptable by 
both rural and urban dwellers (Steÿn et al., 2009) 
of rural traditional earth houses.

The examples of Basotho litema (Figure 5) 
make an apperance in a different form in a sub-
urban context in towns and cities in the same cen-
tral part of South Africa. The contemporary iron 
and mild steel fences (See Figure 6) in boundary 
walls of homes in Bloemanda, a suburb of Man-
gaung-Bloemfontein is more than just security in 

this area. It also reflects the socio-economic status 
of the homeowners that chose from the different 
designs of the steelwork artisans in the area. It can 
be described as rich articulation, elaborate and 
highly decorative.

This observation reflects a contemporary ver-
nacular steel craft that has its roots in traditional 
rural litema culture. This furthermore illustrate 
either conformity or imitation as described accord-
ing to Klineberg (1961: 441) but also reflects the 
status, and on a different level, the role of the 
personalities of the household in the community 
(the others). There is a strong cultural connection 
to homesteads in rural areas even if  people no 
longer accept the building methods or lack of sta-
tus thereof. People still have a strong association 
of how their homes have looked when they were 
younger and lived in a rural earth dwelling.

All aspects of  rural dwellings are not perceived 
as being unacceptable. The status of  the vernacu-
lar homes show elements of  conformity and imi-
tation in the same way that sub-urban homes in 
central South Africa show these decorative ele-
ments. This reflects the way that personalities of 
individuals are affected by their own role and sta-
tus in the community affected through imitation 
and conformity.

Figure 5. Examples of litema details of Basotho cul-
ture walls: a textured flower design made by scraping the 
surface with a knife or setting pebbles into damp plaster 
(Changuion, 1989).

Figure 6. Some photos of many examples of iron and 
mild steel fences in boundary walls of homes in Bloe-
manda, Mangaung/Bloemfontein in central South Africa 
(Bosman).
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3 CONCLUSIONS

Klineberg•s theory of social psychology supports the 
ideological dispensation that emerges„vernacular 
architecture as a reflection of the will of the peo-
ple. Vernacular architecture has experienced a slow 
decay under industrialization worldwide. An advo-
cated understanding of community perceptions 
should urge those involved in development not to 
be shied by elitist perceptions that everything about 
vernacular or •traditional• architecture is inadequate, 
but rather understand also that globalisation has not 
replaced the complex social structures within fami-
lies. In itself, globalization is neither good nor bad. 
Its consequences are largely the results of human 
decisions, which can be debated and changed. 
Designers and architects have to reinforce the need 
for a regional and culturally informed architectural 
environment and look for the cultural connections 
between past (traditional) and contemporary (cur-
rent) connections in the built environment.Utilizing 
ecological approaches and focusing on the percep-
tions and attitudes held within a culture would be a 
path of advancement within vernacular accommo-
dation and acceptance.

The need for positive intervention and change 
within the contemporary architectural discourse 
at a social, psychological and cultural level is criti-
cal if  perceptions of vernacular architecture are 
considered.
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Sustainability features of vernacular architecture in Southern Algeria

A. Bouchair
Department of Architecture, Faculty of Sciences and Technology, University of Jijel, Algeria

ABSTRACT: The increased consciousness of environmental problems by architects has led to search 
for the way of designing buildings to comply with the principles of social, economic, and ecological sus-
tainability to minimize the negative environmental impact of buildings by efficiency and restraint in the 
use of materials, energy, and space. In southern Algeria, vernacular settlements have evolved over time 
to make the best use of locally available materials and natural energy resources to render inside of the 
dwellings pleasant and comfortable, even in the most extreme climatic constraints of the world. Popular 
are the M•zab Ksour (plural of ksar) and the Chaoui settlements. This article recognizes lessons from the 
past of having to live sustainability in a passive way and subsequently pays full respect to a complexity of 
settlements, their urban dynamics, need for environmental adaptation to harsh surrounding conditions, as 
well as ingenious solutions on all levels of the architectural and urban scales.

buildingŽ design. Accordingly, they consider ver-
nacular architecture, building materials and forms 
among the most important alternatives to address 
the serious environmental crisis in connection to 
the industry (Arboleda 2006). They argued by the 
fact that for centuries our ancestors coped to build, 
in a sustainable manner, using only a small amount 
of the energy resources locally available, without 
destroying the surrounding natural environment. 
Economic, social, technological and political change 
have deeply impacted and changed vernacular build-
ing practices all over the world and in some cases the 
traditional buildings have become also functionally 
outdated, since more modern building material and 
techniques offer better solutions to the contempo-
rary problems that traditional communities face.

Valleys in the desert plateau, forming a complex 
network were created mainly by rare but violent 
floods such as the case of M•zab valley, or by the 
permanent flow of water such as Labiod valley. The 
valley of M•zab is one of the greatest valleys in this 
net and is situated roughly in the middle. It is about 
20 km long, 0.4 and 2 km wide, with a depth vary-
ing between 100 and 150 m, and is dry in summer 
(Bouchair 2003). Labiod valley where the Ghoufi 
balconies settlements are implanted is about 4 km 
long, 0.35 km wide and about 60 m deep. Width and 
depth increases as water is added from tributaries.

In many places of southern Algeria, such as 
Ghardaia and the Aures, settlements grew up 
near valleys. Valleys are key elements of the sur-
vival of desert communities. They are the back-
bones of the economy and social life in these arid 
regions (Benabbes 2012). This is mainly due to the 
flow of water permanently or occasionally in the 

1 INTRODUCTION

Vernacular settlements such as ksour found in 
Ghardai, El-Oued, Ourgla, Bechar and Djanet as 
well as the Chaoui Dachras are testimony of the past. 
They have developed in response to hot dry climate. 
Traditional architecture and planning are based on 
the community•s building empirical standards and 
traditions. They deserve understanding and exami-
nation for the sustainability lessons they provide 
for future design. Human establishments in general, 
require food, water, and shelter. The food supply 
relies mainly upon animals; such as goats and cam-
els, and agriculture such as vegetables and fruit trees. 
Food may be transported more easily than water and 
shelter, and inadequate local production at first led to 
trade with the surrounding nomadic population.

Eventually, this developed into a network of 
commercial exchanges with the North of Algeria. 
The water supply depended mainly upon occa-
sional rainfalls during winter and the ground water 
in the valley (Bouchair 2003).

The contemporary interest in the vernacular 
architecture is due to the environmental problems, 
including issues of resource decrease, global warm-
ing, and energy crises (Evans 1980, Bouchair 2004, 
Bouchair et al. 2013 & Sebti et al. 2013). It has 
become known that the building sector consumes a 
big part of the energy produced in the world (about 
48% in the USA for instance), while at the same time 
buildings are the largest contributors to the world•s 
greenhouse gas emissions and climate change (Arbo-
leda 2006). Because they become well aware to the 
environmental problems, architects are exploring 
ways to improve their interventions to achieve •green 
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river at the bottom of the valleys that generate 
life and the natural resources required for build-
ing and community life. The Aures and the M•zab 
regions are very harsh with dry weather, and have 
extreme temperatures during summer and winter. 
During the summer maximum temperatures may 
range between 40…50ºC. Irregular and rare rainfall 
occurs, and the humidity in these regions is very 
low in summer with an average of 20%.

The Aures is a region in the south-east of Alge-
ria occupied by Chaouia (Berber) population. The 
M•zab is a region in the south of Algeria occupied by 
the Ibadits (a sect of Islam). Despite having a long 
history that dates back to almost many centuries, 
only over the last few decades that vernacular archi-
tecture has been brought into mainstream architec-
tural discourse. Our intent in this work is to specify 
and illustrate the key elements of urban develop-
ment and building design features of traditional set-
tlements in two places in the south of Algeria. The 
settlements of Ghoufi in the south of Batna city and 
M•zab in Ghardaia are taken as case studies.

M•zab settlements were founded in the 10th 
century (around 1012) by the Ibadits commu-
nity. Ghoufi vernacular settlements were built 
by the Chaouia nearly four centuries ago. Fig-
ure 1 shows the geo-graphical location of these 
settlements. Ghoufi vernacular settlements are a 
group of dachras. The word Ghoufi is the name of 
the French commander of that region during the 
French occupation. M•zab vernacular settlements 
are five compact towns or ksour. The purpose of 
the study is to identify and understand the main 
characters and considerations for the evolvement 
of these settlements in response to climatic con-
ditions and in-situ resources especially those pro-
vided by valleys. It is also expected to learn lessons 
of sustainability from southern Algerian vernacu-
lar architecture and raise awareness of the use of 
traditional building practices as a solution to envi-
ronmental problems.

2 CONSIDERATIONS FOR THE GROWTH 
OF VERNACULAR SETTLEMENTS IN 
SOUTHERN ALGERIA

Two types of factors are important for the growth 
of settlements in south of Algeria; factors related 
to site and situation, and factors related to the set-
tlement patterns and shelter aspects. These factors 
such were important in choosing the sites of early 
settlements in southern Algeria.

2.1 Site and situation considerations

The site is the actual location or place physical 
land-scape of a settlement on the earth where a 
settlement is built on. The most important factors 
related to the site for the development of tradi-
tional settlements are availability of water, defense 
potentialities, building material and fuel supply, 
food farming land.

The situation is the settlement location relative 
to the surrounding area and other places. In other 
term it is the relative location of a city with respect 
to other geographic features, regions, resources, 
and transport routes. The factors related to the 
situation are the accessibility of the site and com-
munication with other regions. A settlement with 
good access to natural resources and to other set-
tlements will grow in size. Settlements with the 
best situations grow in-to cities. Situation describes 
where the settlement is located in relation to the 
surrounding features such as other settlements, 
mountains, rivers and communications (roads, 
etc.). It is the situation of a settlement that deter-
mines whether it will grow from a small village into 
a large town or city.

In hot dry climates, such as southern Algeria, 
settlements evolved generally along valleys. This 
is be-cause valleys are natural formations that 
function as water drainage system during rainy 
season, and comprises various natural resources 
such as farming fertile lands, fuel supply such as 
wood and building materials. These valleys can be 
permanently (such as Labiod valley in Ghoufi) or 
occasionally supplied with water during few days 
in winter (such as M•zab valley in Ghardaia).

Labiod valley is regarded a vital resource for 
Ghoufi settlements or dachras. It flourishes with 
characteristics of the natural desert environment 
such as water supply, palm groves and fruitful trees, 
cliffs and hills. These characteristics encouraged the 
evolvement of vernacular buildings. The valley itself  
performs a key role of the natural drainage system of 
surface water to that vast area considering the many 
tributaries of this huge natural formation. Labiod 
valley is located at about 90 km south of Batna city.

Along this valley, eight settlements or dachras 
are located on rocky hills. These are Ghoufi (two 

Figure 1. Geographical locationof Ghoufi and M•zab 
(Bouchair).
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villages), the main settlement, Ouled Mimoune 
(two villages), Ouled Mansour (three villages) an 
Ouled Yahia (one village). Figure 2 shows a three 
dimensional view of the Labiod river and the sur-
rounding vernacular settlements or dachras.

M•zab valley is considered as the backbone for 
M•zab settlements. Unlike Labiod valley which has 
permanent water drainage, M•zab valley is almost 
dry during the whole year. Only few days in winter 
that water circulate. In Ghardaia, M•zab valley is 
located at about 600 km south of Algiers. There 
are five walled towns or ksour located on rocky 
hills along M•zab valley. These are Ghardaïa, the 
main settlement; Beni Isguen, Melika, Bounoura 
and El Atteuf. Figure 3 shows a three dimensional 
view of the M•zab valley and the surrounding ver-
nacular settlements or ksour. One of the essential 
valley resources is the farming land (fertile land) to 
produce food and rearing animals.

In the M•zab region, there has been an inten-
sive exploitation of the valley resources, which lies 
within the perimeter of the vernacular settlements 
in order to keep pace with the rapid development 

rates that occurred. This has resulted in an imbal-
ance in the ecological systems of the valley in 
conjunction with other deterioration aspects of 
its various resources, such as; Soil consumptions 
and water pollution, the conversion or interrup-
tion of the main watercourse by the neighboring 
properties have ultimately deteriorated the quality 
and quantity of open spaces as well as plantations, 
imbalance in land use distribution and the issue 
of dumping wastes and rubbles have limited the 
chances to best use the valley resources for what 
people of the city needs, valley image.

In Ghoufi, the valley which was occupied for 
a long period by Chaoui inhabitants is no longer 
occupied since the last two decades. The inhabit-
ants have moved to the surrounding villages and 
cities looking for better life.

2.2 Defense and relief considerations

They are factors of the implantation of vernacu-
lar settlements in southern Algeria such as that of 
M•zab and Ghoufi. They provide the best exam-
ples of how a site may be exploited to assist defense 
and relief. Settlements are located on hilltop sites 
and steep places forming a kind of promontory 
overlooking the surrounding country. They give a 
good view in case of attack and away from occa-
sional flood risks. In addition to defensive aspects, 
Ghoufi settlement is implanted high enough to be 
safe from flood and low enough to be sheltered 
from strong winds and sunrays.

The position of the settlements on high lands 
is to benefit from summer breezes at night and to 
promote natural drainage. In area of hot-dry cli-
mate, a north slope would be preferable as it would 
receive least direct radiation. Location at higher 
elevations; above the valley level, on top of hills 
and on slopes diminishes the health risk associated 
with inversion and provides air circulation. Basin 
valley reflects and concentrates the solar radiation 
while cooling air movement is impeded. Compact 
settlements of M•zab and Ghoufi are built either 
on slope of the valley or on top of hills for these 
purposes. El-Atteuf, Bounoura and Beni-Izgen are 
built on slopes of the M•zab valley (Fig. 6). Melika 
is built on top of a piton. Ghardaia, which is sur-
rounded by the M•zab valley, is built on top of a 
hill (Fig. 7). Similarly, buildings of Ghoufi set-
tlements are gripped to the slopes facing Labiod 
valley forming a succession of terraces climbing to 
the summit which is crowned by the common attic 
(El-Kelaa). The terrace of one is a threshold to 
another. Chaoui vernacular settlements or dachras 
are implanted on both sides (south bank and north 
bank) along the Canyon of Labiod River. The 
buildings grow on the slopes of the cliff  rocks or 
on top of hills as bird nests.

Figure 2. Labiod valley as a key of Ghoufi dachras 
(Bouchair).

Figure 3. M•zab valley structuring vernacular settle-
ments (Bouchair).
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2.3 Building material and energy supply 
considerations

Vernacular settlement in southern Algeria grew up 
along valleys building material are locally available 
such as stones and wood. Wood is important for 
cooking and heating during cold winters. Wood is 
extracted from palm groves and trees. In Ghoufi 
for instance, the stones are available in the neigh-
boring lands.

The trees are available along the Labiod River. 
Stones and tree branches are used intensively in 
constructing the Chaoui homes. Stones and mud 
are used for wall construction and tree branches 
for roofs, doors and windows. Buildings are con-
structed of heavy material to provide cool inter-
nal homes during summertime and warm internal 
spaces during winter season.

3 PATTERNS OF SETTLEMENT AND 
SHELTER ASPECTS

The Sahara is the largest desert in the world. 
Inhabit-ants in this region have learned to adapt 
to a region with harsh climatic conditions by the 
way of how buildings are arranged to avoid exces-
sive heat and windstorms. Traditional patterns of 
settlement in Algeria vary with differences in land-
scape and ecology, communications, and warfare.

3.1 Compact buildings

The most widespread pattern in southern Algeria 
has been that of compact settlements. Compact 
settlement is a sustainable aspect used in Ghoufi 
and M•zab. The buildings are clustered together 
in com-pact ways for defense, social, economic 
and climatic reasons (Fig. 11). The buildings are 
arranged around a large courtyard where most 
of women activities are executed for M•zab case. 
For Ghoufi vernacular dwelling, the courtyard is 
generally small or absent. The same general layout 
of the settlement evolved repeatedly along the val-
ley. For M•zab, compact settlements are structured 
around winding alleys and cul-de-sacs. Nucleated 
buildings or clustered settlement is the main settle-
ment pattern in Ghoufi.

3.2 Hierarchization of spaces

The M•zab settlement is built inside a rampart 
sup-plied with watch towers for controlling any 
possible coming danger. The mosque is positioned 
dominantly in the center of the settlement as the 
religious, cultural and social center; it had author-
ity over religious and socio-cultural affairs (wor-
ship, teaching, marriages, etc.). Each settlement 

Figure 5. Stone and mud are used to build walls 
(Bouchair).

Figure 6. General view of Bounoura settlement on hill-
top near M•zab valley (Bouchair).

Figure 7. General view of Ghardaia settlement on hill-
top within the M•zab valley (Bouchair).

Figure 4. Wattle and tree branches to build the roof 
(Bouchair).
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by its agro-pastoral activity. Within El-Kelaa or 
near it, a holy place is reserved for the burial of 
ancestor of the group. The homes are embedded in 
vertical cliffs, overlooking the gardens of the valley 
and dominated on the upper floor of the cliff  by 
the collective granary (storeroom), built on a long 
horizontal gallery.

Generally, the houses occupy the place below 
El-Kelaa and then, at the bottom near the river, 
rest the mosque. It is noticeable that the position 
of the mosque for M•zab is on the dominant point 
of the town as can be seen in (Figs. 6, 7) and the 
market place is positioned at the periphery, bottom 
of the settlement. On the contrary, for the Ghoufi 
settlements, the mosque is positioned in the lowest 
part of the settlement near the water course of the 
river and the storeroom at the culminant position 
(Fig. 14).

They saved their characteristics until the early 
years of independence, isolated, protected with 
repeated organization along the valley. After the 
independence the population has moved to more 
accessible sites along the main mechanical roads 
for more favored new exchange economy. These 

Figure 8. General view of Ghoufi settlement on hilltop 
near M•zab valley.

Figure 9. General view of Ouled Mansour settlement 
on the slope of Labiod valley (Bouchair).

Figure 10. General view El-Kelaa of Ouled Yahia ruin 
on a top hill near Labiod valley (Bouchair).

Figure 11. Schematic diagram of the arrangement prin-
ciple for a typical M•zab settlement (Bouchair).

Figure 12. Clustered buildings in Ouled Mansour set-
tlement (Bouchair).

was to have only one mosque to avoid the divisive 
impression (Bouchair 2003). The mosque was sur-
rounded by buildings of religious scholars. Just 
beyond were the homes of those citizens nearest to 
the scholars in status and so on in declining order 
towards the periphery (Fig. 11).

A Ghoufi settlement is characterized by the 
rampart of the vacuum and the advantage of 
elevation. The Guelaa or the attic dominates the 
houses which controls and protects its limits and 
contains the wealth of the community produced 
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houses, large single-family homes in new materials 
such concrete and bricks.

The new developments are evolved near main 
roads. Due to these modern modifications, dachras 
and ksour (ancestral tissue) were lost. New forms 
and new materials are everywhere present. Changes 
undergone by these villages are the direct result of 
anarchy in the use of materials and the modern plans 
which resulted in unsustainable environment.

4 CONCLUSION

This paper has presented the vernacular ways of 
adaptation of traditional society in southern Alge-
ria in respect to a hostile surrounding environment 
using natural and locally available resources as well 
as the creative skills of their builders. Apart from 
the fact that the settlements are clustered together 
in a com-pact manner, the valley is the key element 
or the backbone for the survival of the inhabit-
ants. Most compact settlements are developed on 
the highest part of the valleys for two reasons, the 
presence of water (occasionally or permanently) 
and protection from enemies. However, we notice 
from one day to another the abandonment of 
these traditions by the inhabitants due to histori-
cal, cultural, economic and political reasons. The 
traditional urban settlements have been replaced 
by modern form of planning or into scattered indi-
vidual houses. This transformation threatened the 
ecosystem order of the oasis.
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Figure 14. (Up) The position of key buildings of Ghoufi 
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population movements derive their principle in a 
combination of several factors and are expressed 
in the field by a total disorder of all structures 
existing and new ownership constructed forms, 
reflecting a dominant new situation that is taking 
place. The vernacular settlements were misshaped 
by modern extensions and modifications such as 
what happened in M•zab towns. For Ghoufi, the 
dachras (the old urban structures) were totally 
abandoned to occupy the surrounding of new 
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ABSTRACT: In October 1999, the 12th general assembly of ICOMOS in Mexico stated, that in the 
context of sustainable development two interrelated issues need urgent attention; cultural tourism and 
historic cities. The latter are non-renewable, belonging to all of humanity and without adequate manage-
ment, this may accelerate their vanishing. Despite its historic and architectural significance, the Kasbah 
of Dellys presents an urgent case for urban conservation. The Kasbah of Dellys is suffering from neglect, 
degradation and demolition at a tremendous pace during the last 50 years. The cultural heritage of Del-
lys should be recognized as a valuable resource for future development. This paper focuses on the role of 
heritage tourism in reviving and injecting new life in the Kasbah. In other words, can heritage tourism 
be an adequate mechanism to revitalize and sustain the Kasbah of Dellys, thus enabling it to rebirth and 
participate in the city•s growth and sustainable development?

rapidly. According to the World Tourism Organi-
zation, natural and cultural heritage resources are 
and will remain motivating factors for travel in the 
foreseeable future. According to the experts, peo-
ple choose travel destinations where they can learn 
about traditional and distinct cultures in their his-
toric context. The balance that must be maintained 
is between visitor access and conservation needs.

1 INTRODUCTION

Most people in the Arab World and Algeria in par-
ticular tend to think that the term •urban herit-
ageŽ relates exclusively to •monumentsŽ, such as 
ancient mosques, forts, watchtowers, palaces, rem-
nants of city walls, and so on. However, there is 
another part of the city which is usually neglected 
and it is an integral part of the urban heritage, the 
historic urban centre (Steinberg, 1996).

The old centres are the nuclei of the historic cities 
in the Arab World. They are the locus of economic, 
cultural, and residential activities, and are densely 
built-up and overpopulated. Moreover, they are the 
containers of major monuments and districts of 
architectural and historic significance. Therefore, 
they need a particular attention to survive under the 
waves of the current globalisation era. The advanced 
deterioration of the physical fabric in these centres 
greatly mitigated the identity of the Arab city.

In the face of rapid economic development, pop-
ulation growth, people increasing needs and chang-
ing lifestyles, most historic centres in Algeria and 
the Arab World have experienced problems in mak-
ing the necessary adjustments and adaptation to 
the present needs and change. Located in a central 
position. these centres keep the city alive and par-
ticipate in the economic growth of the city. How-
ever, today it is not a general case; many of these 
urban centres have been marginalized and left to 
face their fate alone, of neglect and dilapidation.

The growth of cultural tourism and its role 
in dispersing heritage to everyone is developing 

Figure 1. Decay and dilapidation of houses in the Kas-
bah of Dellys (Boussaa).
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2 URBAN CONSERVATION, 
SUSTAINABILITY AND TOURISM

Sustainable development can be seen today as a 
powerful motivation for urban conservation plan-
ning. Basically, it would consist of a process of urban 
development based on the constant reuse of existing 
built resources, associated with a low input of energy 
for adaptation to new requirements conceived in 
society. It is also viewed as a process founded in the 
local culture, in an equitable distribution of urban 
services, the use of democratic principles of man-
agement, the maintenance and regeneration of tra-
ditional social values and practices.

From the perspective of sustainability, cultural 
heritage is understood as a non-renewable resource. 
It encompasses some of the most important cul-
tural values of society (identity, memory, self-con-
sciousness and artistry), and is an asset capable of 
attributing value to new things through the creation 
of new processes based on established values. In old 
cities and centres, history and heritage have become 
the dynamic assets that combine the local and the 
global. They establish the local distinctiveness so 
attractive to a globalized tourist market.

Adaptive reuse is a phenomenon which has 
great significance, not only because a symbiotic 
functional usage in historic buildings steps up the 
maintenance of the structure and thus delays its 
decay, but also because the resultant monitoring 
prevents cases of vandalism and scavenging of 
material heritage as is seen in buildings that are 
deserted and disused.

The importance of integrating economic and cul-
tural activities in historic areas cannot be overem-
phasized, for it is highly impossible to conceive of 
an economic activity that does not have a cultural 
impact, and vice-versa. Buildings represent such a 
great economic, social and cultural investment that 
it would be unwise for the community to waste.

For a town to be sustainable it must be viable; 
to remain viable it must change as circumstances 
change. If  we want our urban centres to live and not 
become fossilized we must allow, even encourage 
change. When talking about true conservation, it is 
the wise use of the resources of our environment, 
respecting but not copying the past; incorporat-
ing new and old to the best advantage of the local 
community (Dix, 1995). Architecturally, a historic 
area may appear delightful but economic activity 
is essential for its survival. To have any chance of 
enduring success, planning must be motivated by 
a concern of practicability and humanity rather 
than for ideological and symbolic purposes only.

It is not only the preservation of the physical fab-
ric that helps conserve its meaning, but its usage and 
function that helps it to withstand the rapidly chang-
ing urban dynamics. It is the activity and usage of 

these areas that continues to make them meaningful 
artefacts in the present urban environments and a 
strong vehicle to sustain their cultural identity.

In the neighbouring countries of Morocco and 
Tunisia tourism is encouraged by governments to 
obtain foreign currency. However, over-promotion 
of tourism can be disastrous as tourists do not leave 
a city untouched by their presence. Tourists, through 
their demands, subtly and sometimes drastically 
change the character of a place. Local residents 
want tourists for more revenues and will accommo-
date their cities to serve them (Appleyard, 1979).

The merit of social intercourse between tourists 
and local residents as a way towards fostering better 
understanding and good will between nations is a 
major benefit gained from tourism. Whilst this can 
be possible in countries where the flux of tourists is 
comparatively acceptable, however, in cases of mass 
tourism, tourist•s tastes and habits have proofed to 
be in many circumstances offensive to particular 
sectors of the local population in the Arab world 
who is deeply attached to their cultural traditions.

Many of the other socio-cultural problems 
linked to tourism are related to the degree of inten-
sity of tourism development. While it is difficult 
to measure, there is a relationship between tour-
ism density and the growth of local resentment 
towards tourism. The flow of tourists into a region 
increases the densities at which people live and 
overcrowds the facilities which tourists share with 
the local population. Therefore, overcrowding may 
reduce the value of the holiday experience and cre-
ates additional strain for the host community.

The impact of tourists can be substantial in 
terms of environmental change. At destination 
areas tourism may effect a physical transformation 
through hotel and infrastructure development. 
Tourists need hotels; usually tourists prefer to stay 
in modern comfort, close to the centre when pos-
sible, with a view of the historic city from the bed-
room window. The result is predictable, new hotels 
have sprung up adjacent to the historic districts.

After discussing the main issues related to herit-
age tourism it is necessary to analyse down to earth 

Figure 2. Showing medium-rise colonial buildings 
around the Kasbah of Dellys (Boussaa).
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experiences where heritage tourism can be a catalyst 
of regenerating rundown and derelict historic areas. 
For instance, the case of Dellys in Algeria might pro-
vide potential lessons that can be learnt and adopted 
in other cities in Algeria and the Arab world.

3 THE CASBAH OF DELLYS

Dellys, a traditional coastal city in the North East of 
the country, is located 70 km from the city of Bou-
merdes. According to the 2008 population census, 
the city of Dellys numbered 29,492 persons. Del-
lys enjoys a typical Mediterranean marine climate, 
and is strikingly sited on a sedimentary rockbound 
promontory. Here many years ago the local people 
built Dellys in its traditional organic form, with nar-
row streets, courtyard houses and many mosques.

The history of Dellys is a witness of several civi-
lizations, Phoenician, Roman, Arabic, Ottoman and 
French before the country•s independence in 1962. 
The original name of the city was Tideles, then Rus-
sucurus during the Cartagena era, Adyma during 
the Romans and Dellys today. The Kasbah of Dellys 
mirrors these different civilizations and was founded 
in 1068, as one of the eldest Kasbahs in Algeria.

The Kasbah of Dellys is like a huge apartment 
house, its open market serving people every Tuesday 
and its alleyways and streets form an interesting net-
work of •highwaysŽ. Its courtyards are centres for 
family socialization, and relaxation. A balance had 
been achieved, the sort balance of the medieval city, 
between man and man, man and God, man and 
environment, man and his antagonists: the sea, the 
hills, the humidity, the absence of agricultural fields.

Most of the traditional dwellings are inward 
looking around an open courtyard called haouch. 

This is the main feature of the traditional house. It 
is interesting to compare the decorative treatment 
of the courtyard to the plain external walls. How-
ever, the main entrance door to the house is usually 
well decorated by members of the household to 
distinguish their entrance from their neighbours.

The streets are designed to meet a number of 
functions from the broad main street (10…12 m) 
wide to narrow cul-de-sacs. In between, there are 
the secondary streets with a width of 4…6 m which 
lead to the quarters and form a symbolic boundary 
between the different quarters, such as Sidi el Harfi 
and Sidi el Boukhari. Depending on their width 
and orientation they provide some protection from 
the sun. Wide east-west running streets being the 
worst and narrow north-south the best.

The courtyard is popularly and colloquially 
referred to as haouch, which literally means the 
•space around the house•. It is used in all Arab 
countries, whether they have a predominantly hot 
dry climate like Baghdad, or a more humid Medi-
terranean climate as in Tunisia. Though these 
countries are far apart they were all dominated, 
including Algeria, by the Ottomans for 400 years, 
who helped to spread and establish the universal 
nature of the settlement pattern and house form.

The haouch (open to sky courtyard) is perhaps 
the most common feature and is the most used liv-
ing space in the house. It affords protection and 
privacy, it is open yet enclosed, it combines com-
munal with individual spaces and it enables high 
density low rise settlements to survive harsh cli-
mate and environmental conditions.

The courtyard principle when used for family 
dwellings can allow for infinite variety of shape and 
height. It represents the earliest form of courtyard 
buildings; now finding so much favour in modern 

Figure 3. Plan of the Kasbah of Dellys (Boussaa).
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high technology architecture in the West, but it is 
more successful from being simpler and cheaper 
with the sky as its roof.

In 1844 the French occupied the city and built 
the National Road No 24 splitting the Kasbah into 
two parts the higher and the lower Kasbah. Since 
independence in 1962, no comprehensive restora-
tion or rehabilitation work has been undertaken 
in the Kasbah. Due to the absence of any mainte-
nance and any consideration from the local author-
ities to save the Kasbah, the original inhabitants 
and owners started to abandon the Kasbah and 
built villas outside the city walls, and they rented 
their old houses to low income families and rural 
migrants. Since the new tenants could not afford 
to undertake any repair work, so the state of the 
houses worsened dramatically and many houses 
were demolished.

The present state of Kasbah is a •large impov-
erished quarterŽ at the heart of the city of Dellys. 
Continued disrepair and dereliction has created a 
situation of desperate deterioration and squalour. 

With weak planning control a •hybrid environ-
mentŽ has emerged; crumbling structures have 
given way to new structures often constructed 
without building permits; these have mushroomed 
adjacent to old houses.

From time to time sporadic restoration attempts 
took place to show that the government is taking 
care of the quarter. During discussions, a number 
of local inhabitants expressed their deep despair 
about waiting to see anything coming through, 
from the various authorities that ruled the city 
since 1962. In the words of a number of inhabitants 
•We are tired of the authorities endless promises to 
upgrade our living conditionsŽ. Before dying under 
any crumbling roofs or walls, most of these inhabit-
ants are waiting for the first opportunity to leave 
the Kasbah. All what they see are crumbling struc-
tures, and rare attempts at conservation, leading to 
an eventual vanishing of their cherished Kasbah.

In 1987, URTO, a State Planning Agency based in 
Tizi Ouzou, 17 km away from Dellys developed a very 
detailed rehabilitation plan for the Kasbah. Unfortu-
nately, this project stayed on paper and was not trans-
formed into action. The situation has become more 
complicated by the absence of a decision to classify 
the Kasbah of Dellys as a national heritage. On the 
14th of August 2003 the present Minister of Culture 
signed a document that recommended the inclusion 
of the Kasbah on the national heritage list, but this 
recommendation is still an intention.

The earthquake of the 21st of May 2003 caused 
major losses for the built heritage in Dellys, and 
many structures fell into ruins. It was not till the 
end of 2007 that a decree was issued designating 
the Kasbah of Dellys as a protected area. In Janu-
ary 2008 restoration work started but did not last 
for long. During a recent visit to the Kasbah of 
Dellys in last summer, the Kasbah looked as an 
abandoned slum. While discussing with the very 
few inhabitants I met, many destroyed houses have 
become home for delinquency, bad habits that dis-
couraged many inhabitants to remain there.

The present situation of the Kasbah is alarm-
ing if  no urgent action is taken. In addition to the 
disastrous situation of the Kasbah the inner city 
wall and other mausoleums like Tumulus and the 
Andalusian houses can vanish anytime. However 
the real earthquake is the long inaction and silence 
from the local and central authorities towards the 
Kasbah. The religious buildings of Sidi Khaled, 
Sidi Brahim and the underground passages dat-
ing from the Phoenician era are potential tourism 
attractions to explore. The Phare du Cap Bengut, 
the city wall, Dar Dey Hassan and other impor-
tant historic buildings can be developed to become 
additional tourist attractions. These contribute to 
construct a collective memory that needs to be pre-
served and promoted for housing and tourism.

Figure 4. Example of a traditional courtyard house in 
Dellys (Boussaa).

Figure 5. Elevations showing the skyline of the two sto-
ries houses in the Basse Casbah (Boussaa).
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4 THE CASBAH OF DELLYS; FROM 
SURVIAL TO REVIVAL

Tourism can capture the economic characteristics 
of the heritage and harness these for conservation 
by generating funding, educating the community 
and influencing policy. It is an essential part of 
many national and regional economies and can be 
an important factor in developing the Kasbah of 
Dellys in particular and the city as a whole.

•Heritage tourism• preserves a region•s charac-
ter, instils local pride and generates revenues. Dur-
ing recent years, it has emerged as a high growth 
medium of the travel and recreation industries. 
Heritage tourism is growing in significance; there-
fore, it needs thoughtful consideration. Heritage 
tourism needs authenticity, if  it is going to provide 
the basis for understanding human development 
and giving access to the spirit of different coun-
tries, in that, Heritage tourism offers incredible 
opportunities to develop cross-cultural awareness.

In the Kasbah of Dellys a number of houses have 
been recently restored, however most of them have 
not been re-used. The latter, might therefore create 
an additional burden for local authorities to main-
tain them, as they generate no income that allows 
financing their upkeep. This situation, may lead to 
future disinterest in saving historic structures.

In the case of Dellys there is a need to avoid mass 
tourism, which can create more strain on the already 
existing fragile services. In addition, the local tradi-
tions of the host community should be respected 
when designing the city•s tourism strategy.

We have discussed the issue of how tourism can 
engender conservation efforts. This integration 
between tourism and conservation as it is shown in 
the following figure enables the critical balance to 
be maintained between the needs of the resource 
(conservation) and those of the visitor (Tourism).

Unlike other historic cities in the Arab World, 
where a comprehensive integrated conservation 
approach was adopted, here a lack of organisation 
and mis-management obstructed a successful safe-
guard of the Kasbah of Dellys. The responsibility 
of the unsatisfactory results in the Kasbah cannot 
be directed to a specific institution, the responsibil-
ity is shared by many heritage players. This situa-
tion of no man•s responsibility shows the necessity 
to establish an independent office devoted entirely 
to the Kasbah.

A participatory approach should be encouraged 
to involve the local inhabitants in the conservation of 
their built heritage. This can be attained by enabling 
local inhabitants to make the necessary changes and 
adaptation for re-using their restored dwellings but 
under the supervision of professionals.

According the point of view of Professor Urry, 
there are three conditions that need to be fulfilled if  

a city, for instance, Dellys should position itself as a 
heritage tourism city: First there would have to be a 
number of attractive and reasonably well-preserved 
buildings retracing the different historical periods 
of the city. Secondly, that the buildings should in 
some sense have been significant historically, that 
they signify important historical events, people or 
processes. Thirdly, these preserved historical build-
ings should be used for activities in some ways con-
sistent with the tourist gaze (Urry, 1990).

The Kasbah of Dellys can be developed for hous-
ing and tourism, the upper part (Haute Kasbah) can 
be developed mainly for residential while the lower 
part near the port can be developed for tourism.

While privacy is an intrinsic value of the local 
population there is a need to avoid having massive 
tourism which can strain the local services and may 
be harmful to the host community. There is a need 
to locate the main shops and restaurants on the 
main national road, while in the Basse Kasbah crafts 
shops can be developed in the restored houses that 
show the local craftsmanship, while allowing tourists 
to gaze these activities on their way to the port.

The port in addition to fishing can be enhanced 
by a marina that can provide a real stopover to 
tourists. There is a need as well to think of add-
ing hotels and infrastructures to support tourism. 
Some of the large Andalusian houses can be reha-
bilitated to accommodate small hotels, inside the 
Kasbah. The parking should be sited along the 
National road 24 and keep the Kasbah entirely 
pedestrian with a limited access for the car in case 
of emergency cases.

The situation of the Kasbah of Dellys is particu-
larly alarming. The historic town is both the content 
and container, as it were, of heritage. Tourism is an 
important and desired activity for both visitors and 
hosts. The challenge to the local authorities is to 
reduce the damage visitors can cause to sites.

The involvement and co-operation of the local 
community representatives, conservationists, tour-
ism operators, property owners, policy makers, 
those preparing national development plans and 
site managers is necessary to achieve a sustainable 
tourism industry and enhance the protection of 
heritage resources for future generations.

Heritage attractions cannot be put into the same 
category as other leisure attractions, such as, shop-
ping malls, sports centres, leisure complexes, theme 
parks, and so on. Long term planning for heritage 
tourism with an integral, continuing conservation 
policy, is essential in ensuring a quality experience 
for the visitor at each heritage site, village, town, 
seaside resort or area of countryside.

One of the major problems of tourism strategy 
is the high competition and fast changing nature 
of the industry. Without continued promotion and 
investment a successful city could find its tourism 
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industry going into decline. The promotion of 
heritage tourism is inextricably bound up with 
growth strategies, image and making a city a good 
place to live in, with the obvious one of increasing 
the number of visitors.

In the Kasbah of Dellys a total preservation 
should not be the panacea. Where needed, some 
change of use may be introduced, and that should 
be on a small scale. Since very few heritage build-
ings have survived, demolition should be avoided 
whenever possible, and should normally be chosen 
as a solution only for unsound buildings.

It is well known that inhabitants are the catalyst 
of urban life in the city. They create the socio-cul-
tural and economic systems, which bring life to the 
physical environment. It is therefore necessary to 
revitalize these historic cities. This should be done 
by conserving whole areas such as the Basse and 
Haute Kasbahs together with the social life that 
ensures their liveability and sustainability.

Urban conservation does not necessarily mean 
preserving a building but reviving its spirit and life. It 
means being flexible enough to adapt the objectives 
of rehabilitation to the needs of modern living while 
respecting the local community values. Rehabilita-
tion of public areas is essential as they add to the 
quality of a neighbourhood and to the way in which 
people perceive and identify with their locality. It is 
therefore, paramount that rehabilitation includes 
public areas to strengthen people•s identity.

The function of urban conservation for society as 
a whole should primarily restore a sense of cultural 
identity. The Kasbah of Dellys has been fragmented 
through unwise massive redevelopment; however, 
there is still a possibility to re-construct the unity of 
the dislocated urban fabric. A combination of reha-
bilitation, reconstruction, and new infill projects, 
which respect the local traditional character, should 
be developed, to reassemble the surviving historic 
fragments in the Kasbah. Together, with housing, 
tourism and other activities, the Kasbah of Dellys 
can be sustained for future generations.

5 CONCLUSION

Heritage sites throughout the world have the abil-
ity to respond to the needs of the majority of the 
population. Most of conservation areas and his-
toric buildings must perform a function which 
ensures that they are used for activities which are 
not only appropriate to their forms and character 
and the wider functional needs of the settlement, 
but which can also provide a sufficient economic 
return to sustain their fabric for the long run.

Urban conservation policies must link with the 
wider functional economic objectives for the area. 

In the inner areas, conservation policies also need 
to be integrated with the wide range of complemen-
tary urban policy initiatives designed to address 
the need for economic and social regeneration.

Heritage tourism should not be developed 
only for global tourists but must be for the ben-
efit of local people as well. This should help them 
understand the significance of their heritage, thus 
be aware of the need to sustain it for the future 
generations.

Conservation of historic centres usually faces 
one significant difficulty, that of housing the exist-
ing dwellers and keeping a mixed socio-economic 
population. In other words, and as the common 
saying states: •it is easier to deal with stones than 
with human materialŽ, there is little meaning 
in restoring historical buildings if  these are not 
accompanied with strong social and economic 
efforts benefiting the local community as a whole.

Conserving the Kasbah of Dellys is not a matter 
of restoring few houses but a question of main-
taining the vitality of the entire historic centre. The 
problem of the Kasbah is a shared one; there is a 
need to save it so it can act as a model for other 
historic centres in Algeria, like Constantine, Tema-
cine, Ghardaia and so on. The Kasbah of Dellys 
is an example which can provide hope or defeat 
for the future of historic centres in Algeria, North 
Africa and the Arab World as a whole. Therefore, 
a genuine action plan should be implemented 
to rescue it and pass it on to present and future 
generations.
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Wallonia Brussels International (WBI). The site restored since 2012 houses visiting professors invited by 
Birzeit University, as well as local and international residing artists.

structure, it is also is about raising awareness about 
the importance of cultural heritage as a pillar for 
Palestinian identity and collective narrative.

Salvaging Palestinian heritage is about the col-
lective memory, and thus identity, embodied in 
part through architectural forms and the con-
tinuous spatial practices of Palestinians on their 
environment.

The restoration of the built cultural heritage in 
Palestine, in particular, is part of this assemblage 
that aims to reconcile the Palestinians with the his-
tory by means of recreating and reconstructing the 
visual collective narrative. In a space very charged 
with historical claims and counter claims the res-
toration of historic buildings and towns, acquires 
obvious political significance.

3 RIWAQ•S WORK AND WORLD 
HERITAGE LIST

In the last ten years, Riwaq worked hard to secure 
funds and to make possible the protection or resto-
ration of two of the clusters on the list of the sites 
of universal value. These are the throne villages of 
Palestine, and the terraced landscape of central 
mountains of Palestine.

Riwaq managed to restore and maintain several 
palaces or castles of the Ottoman Thrones, trans-
forming them from running down dump places 
into attractive and dynamic spaces that encourage 
interaction and social change.

1 INTRODUCTION

The restoration and the adaptation of the Hosh al 
Etem site in the historic centre of Birzeit in Pal-
estine represents a successful cooperation between 
the Palestinian NGO RIWAQ based in Ramallah, 
which has designed and realized the project, and 
the Walloon Heritage Institute (IPW) and Wallo-
nia Brussels International (WBI). The site restored 
since 2012 houses visiting professors invited by 
Birzeit University, as well as local and interna-
tional residing artists.

2 RIWAQ NGO

Riwaq is distinguished by its focus on rural areas 
in Palestine. Founded in 1991, Riwaq•s experience 
in the restoration of rural Palestine shows that 
there is an urgent need for community and cultural 
centres for marginalized groups. The last ten years 
of •Job Creation through Restoration ProjectsŽ 
shows that the restoration work led to a sustain-
able increase in awareness of the importance of 
cultural heritage, and led to a higher standard of 
living of a large segment of the population.

Riwaq•s current capacity is used to promote and 
implement the first stage of •The 50 Historic Cen-
tres ProjectŽ for the restoration of the fifty most 
significant centres with the largest concentration 
of historic buildings.

Riwaq•s projects are not only about job crea-
tion, or about the restoration of stones and historic 
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Riwaq believes that the throne villages in Pales-
tine not only stand good chance to be listed into 
the WHL„as heritage with universal value„but 
also could serve as a pillar in the tourism map of 
Palestine and a driving force for socio-economic 
development in their respective locales.

4 RESTORATION & REHABILITATION OH 
HOSH EL ETEM

The adaptation of Hosh el Etem into a guesthouse 
affiliated to Birzeit University is a tactical move on 
behalf  of Riwaq and Birzeit Municipality within 
the strategic goals of the rehabilitation of Birzeit 
historic centre. The strategic plan for the historic 
centre acknowledges the role of the University in 
any revitalization and rehabilitation process.

A guesthouse in the middle of what was by 2009 a 
dump place would make a dramatic impact on aver-
age as well as official Palestinians who cannot imag-
ine the possibilities of these structures as spaces for 
social change. As stood by 2009, Hosh el Etem was 
in serious crumbling state of conservation.

Loss of walls and vaults were instrument of the 
acceleration of the deterioration processes. The 
loss of walls led to the loss of segments of vaults 
and thus allowed the structures to be soaked with 
water multitude of times.

Trees with more than 15 inches diameter trunks 
not only grew in the courtyard but also in the 
vaults. This also accelerated the spreading of salts 
into the vaults. As a result of successive melting 
and crystallization of salt processes plaster and 
pointing were missing. The crumbling walls and 
vaults made it not safe for architects and surveyors 
to have detailed documentations.

5 SURVEY

The third survey, by far the most accurate, was car-
ried out in 2010 after the clearance of the debris 
from all rooms and spaces, and after reasonable con-
solidation of walls and vaults, carried out within the 
scope of Hosh el Etem rehabilitation project. These 
drawings consist of plans and sections of the whole, 
showing the state of conservation of the Hosh.

Serge Paeme, trainer at IPW utilized the metro-
photographic technique to produce the most accurate 
representation of the main façade of the complex.

6 ARCHITECTONIC ANALYSIS

Based on this study, a multiple analysis of the 
structure was obtained. First, the timeline of con-
struction on the site was outlined.

The complex is more of Ottoman era structures. 
The khan however should have been bigger and 
have multiple functionary spaces such as stables, 
dormitories, and public baths and water well. In 
the 18th century or early 19th century the khan was 
transformed into a peasant house with two levels.

7 APPROACH, METHODOLOGY & 
PHILOSOPHY

The Hosh el Etem conservation project and its res-
toration led to a methodological approach focus-
ing on two essential aspects: one architectural and 
functional in nature, the other technical, both aimed 
at respecting authenticity. The compatibility of the 
envisaged programme was checked with regard to 
the possibilities offered by the distribution of the 
architectural spaces and their devolution to specific 
functions with a view to integrated conservation 
and respect for the existing spatial organisation.

The spirit of the project also aimed to restore 
the entire Hosh el Etem complex of buildings to its 
former character, namely to regroup living quar-
ters around a convivial courtyard in a similar way 
as to when this type of closed complex represented 
the family home, •family• being taken in its wid-
est sense. The techniques selected to achieve this 
respected both ancient techniques and pre-existing 
materials and, guided by a desire for authenticity, it 
was important to distinguish original material from 
interventions without compromising harmony.

With regard to the existing rough stonework, 
the traditional lime mortar technique was used for 
repointing once the joints had been thoroughly 
cleaned. The same technique was used for filling 
holes in masonry.

In this respect, the clarity of intervention as prac-
ticed by Carlo Scarpa, in the treatment of the stone-
work and the crests of the repaired walls, makes it 
possible to clearly visually identify the repairs with-
out detracting from the architectural coherency of 
the restorations. The stonework and levelling stones 
were therefore placed slightly back from the bare 

Figure 1. 3D simulation of the interior facilities 
(RIWAQ).
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wall, and the edges are at an angle of 45°. The lim-
ited opening or reopening of old bays, justified by 
the renewed use as habitat, was done using solid 
stones for the frames, with clear unambiguous cuts.

The flattened dome roofs, which have altered sig-
nificantly with the infiltration of rainwater, cracks 
due to the destabilization of the stone chevron 
vaults and long neglect, required in-depth restora-
tion, based on proven technique implemented in 
several phases after pre-consolidating the vaults.

Interior lime plastering reaffirming the simple 
volumes is used on vaults and walls, but not on 
some stone walls, the rougher texture of which acts 
as a counterpoint to the light shed onto the curved 
surfaces of the vaults.

The interior floors are identified by the tra-
ditional distribution of centred floor tiles with 
traditional geometric a book about traditional Pal-
estinian floor tiles.

The planted courtyard was the object of a subtle 
graphic search for areas of grey gravel set in inter-
lacing edges of Birzeit •grayŽ stone and punctu-
ated with planted areas of jakaranda, citrus trees 
and bushes, a composition which generates a new 
dynamic unity to this organic and vernacular space.

A contemporary grille protects the tranquillity 
of Hosh el Etem while ensuring visual contact and 
access to the public space.

8 IMPLEMENTATION OF THE PROJECT

Through the project tens of craftsmen were trained 
in all restoration techniques including vaults and 
walls consolidation, stone repair, rendering and 
plastering, joint filling, damp insulation, electrical 
and mechanical networks.

Riwaq•s method in training, therefore, is not 
purely technical; rather, it promotes thinking of 
traditional techniques anew.

Riwaq•s approach towards the built cultural herit-
age in Palestine takes into consideration three main 
factors: authenticity, environment, and the capacity 
to carry out the project at reasonable cost. These fac-
tors translate into material through the minute selec-
tion of materials as well as the choice of technique.

In regarding to authenticity, Riwaq strives to 
preserve as much as possible of the authentic mate-
rial culture in-situ. This entails the preservation of 
structural elements that contribute to the harmony 
of the whole.

Figure 2. Hosh el Etem beforeand after (RIWAQ).

Figure 3. 3D simulation of the interior facilities 
(Authors).
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by material mechanization which paid little heed 
to the values associated with the transmission of 
expertise.

10  AGA KHAN AWARD FOR 
ARCHITECTURE

In 2013, RIWAQ has obtained the Aga Khan 
Award for Architecture for the all work made on 
Revitalisation of Birzeit Historic Centre.

This five-years project, part of rehabilitation 
master plan initiated by Riwaq has transformed 
the decaying town of Birzeit, created employment 
through conservation and revived vanishing tradi-
tional crafts in the process.

Jury statement has taken in consideration that 
•the project offers an alternative to •musealized• 
historic cores and it pioneers the regeneration of 
Birzeit•s historic Centre into cultural infrastruc-
ture. It facilitates the reclamation of heritage by 
the people involved while also allowing them to 
achieve their self-expressed inspirationsŽ.

The Aga Kan Award for Architecture, which was 
established by His Highness the Aga Kan in 1977, 
is given every three years. The Award recognizes 
examples of architectural excellence in the fields of 
contemporary design, social housing, community 
improvement and development, historic preserva-
tion, reuse and area conservation, as well as land-
scape design and improvement of the environment.
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Figure 4. Hosh el Etem. Houses 44 and 45. View from the east road (RIWAQ).

Good example is the opening of new windows 
for dark rooms or the consolidation of crumbling 
structures using similar stone but in different tech-
nique distinguishing the original material from the 
new intervention.

Good example that is environmentally friendly 
is the use of the stone debitage to rebuild missing 
segments. Not only this use serves technically the 
purpose but also reduces the construction cost sub-
stantially and slow down the destruction of nature 
through quarrying activities.

These and other elements combine to produce 
materiality that preserves the authentic setting of 
the building, contributes to the preservation of 
the environment and encourage local economy 
through favouring locally practiced techniques.

9 HOSH EL ETEM RESTORED

The faultless mobilization of Riwaq to rehabilitate 
and protect Palestinian heritage, allied with a crea-
tive architectural approach with no taboos and the 
proven technical ability of their staff, provided an 
extremely positive basis for the precise preparation 
of the Hosh el Etem restoration project. There was 
a constructive dialogue between Riwaq, WBI and 
the IPW, based on examples from other renova-
tions, at every stage of the design.

The welcome extended by Riwaq to the instruc-
tors from •the Paix-DieuŽ Heritage Profession-
als Centre initially made it possible to identify the 
shortage of skills of local craftsmen in the disci-
plines chosen jointly by Riwaq and the Paix-Dieu 
Centre. The close attention paid by trainees to the 
short but dense training given in Ramallah, Jala-
zone, Birzeit and Jenin, quickly made it possible 
to fill a few lacunae but, above all, to reactivate 
craftsmanship, gravely compromised temporarily 
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Study of the behaviour of agglomerates with lime: Mortars, 
concretes, soils
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X. Vallory
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ABSTRACT: Lime reintroduction is difficult. Masons and builders have lost the habit of working with 
it, while technicians do not have neither regulation of restoration with lime, nor specific training on the 
properties and use of this material. The main difficulty is when it must function as binder of mass con-
cretes for structural elements. This research studies the weakest aspect in relation to Portland cement mor-
tars, and concretes: mechanical strength. This study, based on empirical research on mechanical strength, 
shows that lime is still a current and valid material. Sampling was carried out with different types of 
lime (hydraulic and non-hydraulic), sand, and proportions. It results highly relevant the type, origin and 
chemical composition of these materials. Data obtained are the result of tests carried out in the labora-
tory, as indicative ranges of values. On-site samples may differ, but the goal is that important real data is 
provided.

To observe the evolutionary process of resist-
ance and mechanical behaviour, tests were carried 
out at 7 days, at 28 days, and at 90 days of age. 
There have been made flexural tests (three samples 
for each age), and compression tests (six samples 
for each age).

The basic properties of used materials have 
been also determined. The lime•s ones have been 
obtained from the documentation provided by 
the manufacturer. Sand•s properties have been 
made by the relevant test for determining the grain 
size, sand equivalent, particle density and water 
absorption.

To evaluate the behaviour of concrete made with 
lime, it has been chosen an aggregate of crushed 
limestone (fine and coarse) from Torrelameu, very 
common in the area of Lleida province and local 
suppliers of building materials, and another aggre-
gate (fine and coarse) from subsoil of Gardeny hill 
in Lleida.

The tests were carried out with 1:3 volume dos-
age, 15 × 15 × 20 cubic samples, and with dosage 
of 5%, 10% and 15% of lime content to volume of 
aggregate. In both cases the samples were tested at 
28 and 56 days of age. The procedure has been the 
following one:

… Moisture content by oven drying„UNE 
103300

… Particle size distribution of soil„UNE 103101
… Atterberg limits„UNE 103103 and 103104

1 LIME MORTAR AND CONCRETE

One goal of this research is to make a contribution 
to the knowledge of the mechanical strength of 
lime mortar and lime concrete, based on empirical 
experience, in order to make it easier to use. This is 
the challenge and limitation.

As you can see, the behaviour of the lime with 
the aggregates shows a remarkable variability, both 
in terms of the lime used, and the nature of the 
aggregates. In this sense, the work has focused on 
the study of combinations of three types of lime 
and four kinds of sand. The limes have differ-
ent origins and different properties, and the sand 
comes from different geographical areas of Lleida 
province.

1.1 Procedure and method

With the combinations of the chosen materials, 
lime and sand, there have been made different series 
of prismatic specimens of 40 × 40 × 160 mm, which 
were used to determine resistance to bending, and 
to compression of each of the combinations.

To produce the mortars, it has been used opera-
tional manufacturing methodology for charac-
terizing cement resistance samples, according to 
the process and the kneading time. The dosing in 
weight was 187.5 g of lime, 1500 g of sand and 
250 ml of water (300 ml for Pascual lime).
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… Compaction test (Standard and Modified) PN 
and PM„UNE 103500 and 103501

… Moulded, curing, and compression test of sam-
ples of stabilized materials with lime, according 
NLT-305/90 304/89 and NLT-310/90 (NLT„
Transportation Laboratory Standards. Ministry 
of Development).

1.2 Obtained data analysis

In regards to the characteristics of the basic mate-
rials making up the mortars or concretes, which 
are the lime and aggregates, the following are 
required:

The limes chosen are of two types, hydrau-
lic (Saint Astier and Pascual) and non-hydraulic 
(Pachs). Hydraulic limes (NHL) set under water, 
while non-hydraulic limes (CL) need air for the 
carbonatation after evaporating the mixing water.

Among other parameters about the chemical 
composition of each one of the three studied limes, 
it highlights the •natural impuritiesŽ contained by 
the limestone. The more impurities the limestone 
has (basically aluminates and silicates), the less cal-
cium oxide the hydraulic limes have (Saint Astier, 
and Pascual). This bigger amount of impurities is 
what gives its hydraulic properties and a theoreti-
cal greater strength, as it can be seen in the tables 
of test results.

1.3 Compressive strength of lime mortars

The average of results obtained in compression 
tests of lime mortars for the different combinations 
and ages are shown in the Table 1 that follows.

The content of silicates or aluminates in the 
sand may be related with the obtained data results. 

Pascual and Saint Astier are hydraulic lime, and 
therefore, with an important hydraulic content 
of impurities, while Pachs is a non-hydraulic lime 
with almost no hydraulic impurities. This could be 
the reason why, the combinations of hydraulic lime 
with Bellpuig•s and Vall d•Aran•s sand give lower 
strength values than with the other sands. How-
ever, the combinations of non-hydraulic lime with 
Bellpuig•s and Vall d•Aran•s sand give significantly 
better results.

1.4 Bending strength of lime mortars

The tendency in the bending strength tests is 
almost the same than the seen one for the compres-
sive strength tests, but lower. However, the bending 
strength test results of non-hydraulic lime mortars 
reach a higher relative value compared to the val-
ues given by hydraulic lime mortars.

1.5 Compressive strength of lime concretes 1:3

The compressive strength average values of lime 
concretes are listed below, for different combina-
tions and ages.

Table 1. Compressive strength average of lime mortars 
for different combination and ages.

Compression Age Pascual Saint Astier Pachs

Sand days MPa MPa MPa

Bellpuig  7  1.30  1.30  1.29
28  1.77  3.29  4.64
90  3.05  3.62  8.31

Arbeca  7  6.82  4.18  3.31
28  8.18 13.20  5.81
90  9.25 18.20  9.88

Pallars  7  5.67  7.07  4.35
28 10.92 15.60  6.95
90 14.53 19.70 12.90

Vall d•Aran  7  3.49  3.50  2.68
28  5.85  4.03  4.34
90  5.95  4.92  6.59

Table 2. Bending strength average of lime mortars for 
different combination and ages.

Bending Age Pascual Saint Astier Pachs

Sand days MPa MPa MPa

Bellpuig  7 0.71 1.04 0.88
28 0.82 1.59 1.88
90 0.96 2.30 3.81

Arbeca  7 1.59 0.22 0.95
28 3.14 2.09 2.77
90 3.39 7.44 4.48

Pallars  7 0.23 1.50 1.06
28 2.16 3.80 3.60
90 2.73 7.05 5.57

Vall d•Aran  7 0.18 0.88 0.89
28 0.94 1.42 1.40
90 1.39 2.07 3.00

Table 3. Compressive strength of lime concrete 1:3.

Compression Age Pascual Saint Astier Pachs

Aggregate days MPa MPa MPa

Torrelameu   7 0.29 0.82 0.00
 28 0.53 1.73 0.12
 90 1.40 2.85 0.33
180 2.00 3.46 0.76
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The obtained results highlight the better 
mechanical behaviour of concretes with hydraulic 
lime (Pascual and Saint Astier) than the ones with 
non-hydraulic lime (Pachs), as it was expected.

1.6 Compressive strength of lime concretes 
with % dosage

The samples have been prepared with% dos-
age with the same aggregate (fine and coarse) of 
crushed limestone from Torrelameu, and with the 
same aggregate (fine and coarse) from the subsoil 
of Gardeny hill in Lleida. The content of lime has 
been a 5%, 10% and 15% volume of the whole 
aggregate.

These samples in percentages have been pre-
pared with each of the three types of lime, and for 
each series of 28 and 56 days.

The two data tables show interesting conclu-
sions. The fact of strength decreasing in some 
cases when the percentage lime dosage rises from 
10% to 15%, and the different mechanical behav-
iour depending on the aggregates.

2 SOILS IMPROVED WITH LIME 
(TIERRAS MEJORADAS CON CAL)

The authors have previous experiences in stabiliza-
tion with lime of subgrades and bases of roads, as 

well as previous experiences using rammed earth 
in restoration, and stabilization of soils with lime 
around architectural monuments avoiding the use 
of concrete.

With the first tests, it was observed how the 
mechanical behaviour of lime had variations 
depending on the characteristics of the aggregate, 
which could have a sandier or more clayey matrix. 
In some cases the content of clay improved the 
mechanical behaviour of mortars and concretes 
with lime, while the washed and •cleanŽ sands 
worsen this behaviour.

These data suggested to enlarge the study 
towards improving the earth with lime, which is a 
well analyzed question in terms of improving the 
soil with lime. And this connects well with earth 
constructions, such as rammed earth construc-
tions, for example.

2.1 Procedure and method

First of all, it was made a physical and chemical 
characterization of the used clay (typical from 
Lleida) in order to make series of stabilizations 
with different types of lime. The stabilized mate-
rial has been compacted nearly to the 100% of its 
maximum density referred to the modified proctor 
energy. After compacting the samples, have been 
curated with a maximum duration up to one year.

There have been made series of samples soil 
without stabilization, this means without lime. 
These samples are used to have a reference of com-
parison for the samples with stabilized soil with a 
2.5%, 7.5%, and 12.5% of lime. The samples were 
tested to compression at the age of 7, 28, 90, 180 
and 365 days.

On the other hand, and in order to obtain the 
most real data, were made two big format samples 
of 1.20 × 0.60 × 0.45 m. These samples were made 
one with hydraulic lime, and one with non-hydrau-
lic lime as binder. These samples have been tested 
to compression through bearing plates due to the 
difficulty of transporting them to the interior of 
a lab, and the bigger difficulty of finding a press 
with sufficient bearing capacity.

The procedure has been the following one:

… Moisture content by oven drying„UNE 
103300

… Particle size distribution of soil„UNE 103101
… Atterberg limits„UNE 103103 and 103104
… Compaction test (Standard and Modified) PN 

and PM„UNE 103500 and 103501
… Moulded, curing, and compression test of sam-

ples of stabilized materials with lime, according 
NLT-305/90 304/89 and NLT-310/90 (NLT„
Transportation Laboratory Standards. Ministry 
of Development).

Table 4. Compressive strength of lime concrete with 
Torrelameu•s aggregate.

Compression Age Lime Pascual Saint Astier Pachs

Aggregate days % MPa MPa MPa

Torrelameu 28  5 0.16 0.38 0.10
28 10 0.56 0.83 0.18
28 15 0.26 0.74 0.30
56  5 0.30 0.49 0.20
56 10 0.65 1.19 0.30
56 15 0.45 1.02 0.41

Table 5. Compressive strength of lime concrete with 
Gardeny•s aggregate.

Compression Age Lime Pascual Saint Astier Pachs

Aggregate days % MPa MPa MPa

Gardeny 28  5 0.83 1.15 0.75
28 10 0.87 1.25 0.70
28 15 0.96 0.81 0.35
56  5 0.88 1.55 1.42
56 10 1.13 1.78 1.23
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2.2 Obtained data analysis. Uniaxial compression 
strength and densities obtained from the soil 
stabilization with lime

One of the expected results of the stabilization with 
lime is the increase of the strength along time. In 
this part of the study it has been foreseen a curing 
period for the samples up to one year, and it has 
been checked the improvement along time in the 
majority of the tested samples. In fact, this hap-
pened with the hydraulic limes (Saint Astier, Pas-
cual, and Tigre). However, the non-hydraulic lime 
(Pachs) seems to have a maximum strength value at 
the age of 3 months, and an asintotic mechanical 
behaviour compared to the hydraulic binders.

It can be said that the obtained uniaxial com-
pression strength values are enough to consider 
them in the calculation of rammed earth walls 
of 50…60 cm thickness, and with controlled and 
uniformly distributed loads, so they are usually 
requested to values of 0.2…0.4 MPa.

In this study it has been used only one non-hy-
draulic lime (Pachs). It must be highlighted that this 
non-hydraulic lime (Pachs) obtained the highest value 
in the compressive strength test for clay stabilization 
with lime. With a 7.5% percentage in weight the com-
pressive strength resulting has reached the 4 MPa.

The optimal dosage when stabilizing clay with 
lime taking into account the strength and the econ-

omy, it is around a 2.5% of lime, with an expected 
strength between 0.8 and 1.5 MPa, depending on 
the type of lime used.

In a similar way to what is seen in the 1st part of 
this study, the influence of the chemical composi-
tion of lime and the aggregate is fundamental in 
the different combinations.

2.3 Bearing plates on large format samples

In October 2010 were prepared the previously 
mentioned two large format samples that simu-
lated the thickness of walls. These samples were 
tested to compression through bearing plates after 
a 16 months curing.

The wall section 1 (sample 1) was formed by a natu-
ral soil classified as tolerable with a 5% non-hydraulic 
lime as binder. The mixture was prepared manually 
and was compacted with an electric jackhammer.

The wall section 2 (sample 2) was formed by 
pieces of sandstone blocks, crushed gravel (arti-
ficial fine aggregate ZA40), natural soil classified 
as tolerable with a 5% hydraulic lime as binder. 
The mixture was prepared manually and was com-
pacted with an electric jackhammer.

4 bearing plate tests were carried out; 2 in each 
one of the wall sections, in different positions. They 
have been tested up to the failure of the material, 
except for the plate 3, which has reached the limits 
of the equipment security.

Without despising the values of the sample 1 pre-
pared with non-hydraulic lime, the higher values of 
compression strength are obtained with hydraulic 
lime. It has to be considered that the bearing plate 
3 didn•t reach the failure of the material, and that 
the bearing plate 4 was located on a corner on pur-
pose, which is the weakest point on the section.

3 GENERAL CONCLUSIONS

Although each one of the study have its own con-
clusions, checked overall, these studies provide data 

Table 6. Compression strength of stabilized soil with 
lime.

Dosage Age Compression strength

Pascual
Saint
Astier Pachs Tigre

% days MPa MPa MPa MpA

2.5 7 0.38 0.57 0.81 0.20
28 0.48 0.74 1.24 0.35
90 0.73 1.29 1.24 0.44

130 - - - - - - 1.13 - - -
180 0.91 1.25 - - - 0.79
365 1.10 - - - 0.82 0.91

7.5 7 0.35 - - - 3.66 0.31
28 0.42 0.72 4.29 0.39
90 0.68 0.98 4.34 0.37

130 - - - 0.84 3.81 - - -
180 1.03 1.24 - - - 0.79
365 0.95 - - - 3.98 1.81

12.5 7 0.28 0.38 0.30 0.40
28 0.48 0.65 0.35 1.27
90 1.16 0.85 - - - 2.09

130 - - - - - - 0.47 - - -
180 1.52 1.16 0.57 1.35
365 1.01 - - - - - - 3.31

Table 7. Bearing plates test results.

Bearing plate Load
Compression 
strength

kN MPa kg/cm 2

Plate 1 (wall section 1)  62 2.43 24.78
Plate 2 (wall section 1)  90 3.53 36.00
Plate 3 (wall section 2) 107* 4.20 42.83
Plate 4 (wall section 2) 106 4.16 42.42

* Bearing plate test 3 could not be finished up to the fail-
ure of material because of the limits of the equipment 
security.
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that are of interest to those who study the use of 
lime in building restoration, improve information 
for the use in resistant elements and reintegration, 
in the specific environment of different solutions 
based in tradition, but not based in CTE (Spanish 
Código Técnico de la Edificación).

The strength results in all the cases are quite 
high (among all, the mortar results). These results 
are enough to say that they are appropriate for a 
similar use than the one carried out since ancient 
times, and therefore, for the restoration of archi-
tectural heritage. Logically there is the limitation 
on mechanical stresses over these values in more 
modern works (as it might be the case with large 
embankments bending stresses).

The results of the tested combinations of mor-
tars and concretes show that the type of lime used 
(hydraulic or non-hydraulic) and also the chemical 
composition of each material have a direct rela-
tion with the obtained strength. It is important the 
chemical composition of the lime (for its content 
of impurities), sand and aggregates. The chemical 
composition of each part of the whole may com-
plete the parameters that improve the hydraulic 
properties and the strength of the combination.

The origin of the lime is an important factor, 
in the same way that it is used. A non-hydraulic 
lime has unfavourable results at short ages, while 
at long-term it is a good binder. A hydraulic lime 
obtain much more optimal strengths even in a short 
time, and in any case, the purer the lime is, the bet-
ter results are obtained. The strength is obtained 
from the combination of silica that is produced 
during the process of lime burning. Regarding the 
silicate (SiO2) in each lime, it is greater in Pascual 
and Saint Astier limes in a percentage of 12%…19% 
respectively, while in Pachs lime form a 0.8% of the 
total.

The origin of the aggregates to be used is also 
crucial, since lime is not behaving like cement and 
therefore requires a higher particle distribution in 
the arid to produce fine cohesion between materi-
als that are part of mortar or concrete, as has been 
proven in tests with sand from the Pallars and with 
soil with plenty of fine aggregates.

The Part 2 of the study has combined much of 
the work in the laboratory with the preparation of 
3 not stabilized soil samples. These 3 reference sam-
ples were compared with 72 samples of stabilized 
soils with different percentages of lime (in this case 
has also been used Tigre lime). These samples have 
been tested to compression. It also has been made 
an approach to what could be a rammed earth wall 
improved with lime by carrying out two large for-
mat samples and making 4 load plates on them.

The results are again optimal, and it is high-
lighted the importance of choosing the percentage 
of lime depending on the type of lime (hydraulic 

or non-hydraulic) and the chemical composition 
of the aggregates.

It is also interesting the correlation of the range 
of values that can exist between the values obtained 
in the section of lime concrete as a percentage of 
those obtained in lime-stabilized soils. In both 
cases we are comparing aggregates with percent-
ages below 15% lime.

It is considered that the work could be improved 
in a future with possible extensions in the follow-
ing areas:
… About the analysis of compressive strengths 

taken in the laboratory, it is convenient to com-
plete them with series of samples on site, and 
make the appropriate comparison.

… Large series of samples of soil improved with 
lime, with intermediate percentages of lime, and 
including the range of clays and soils that may 
be in the territory.

… Large concrete tests with other dosages for fur-
ther resistance.

… Study of the breathability and permeability of 
different mortars of lime (hydraulic and non-
hydraulic), and comparison to stone materials, 
and Portland cement mortars and concretes or 
white cement.

… Study of water chemistry and its possible influ-
ence on the outcome of the aggregates. Influ-
ence on the content of chloride in contact with 
the carbonates.

NOTE

Collaborators of this text: N. Polo, C. Labèrnia, C. 
Pubill, G. Fontanals.
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ABSTRACT: The research presented here used Life Cycle Assessment (LCA) as a tool to guide the 
decision making in the refurbishment of a vernacular building in Valencia. The objective was to improve 
designers• awareness in the choice of a refurbishment intervention, by identifying its impact over the life-
cycle. After a thorough investigation of the building, three heavily damaged subsystems were identified: a 
wooden beam, attacked by insects, a deformed wood-brick floor slab, and a clay vault, subject to partial 
side sinking. For each subsystem, three alternatives were identified. The environmental impact of each 
solution was calculated using Eco-Indicator 99 and compared using the cultural theory. Predictably, the 
results showed that the solutions employing less raw materials were the most environmentally sustainable. 
Surprisingly, LCA highlighted how the •less is moreŽ principle, typical of sustainable development theory, 
and the •minimal interventionŽ issue, typical of restoration theory, are perfectly aligned in the conserva-
tion of vernacular architecture.

of the built heritage is fundamental, because it pro-
tects the built environment for current and future 
generations while reducing its overall impact on the 
planet. Yet, refurbishment is more valued when it is 
conducted sustainably, by using a balanced combina-
tion of traditional techniques and modern, reversible 
solutions. Unfortunately, the refurbishment of ver-
nacular buildings with traditional techniques is more 
demanding than building with modern techniques 
in terms of cost, time, and skills required (Gian-
nakopoulou et al, 2011). However, the support and 
involvement of an informed public in development 
planning, decision-making, and project implementa-
tion is fundamental to achieve sustainable goals.

The objective of this work is to help profes-
sionals to make informed choices in refurbishment 
projects on vernacular architecture and to raise 
their awareness on the environmental consequences 
of their intervention on this type of architecture. 
LCA was chosen as the main tool to achieve this 
objective, applied to a case study of a vernacular 
building in the old city center of Valencia.

2 LITERATURE REVIEW

2.1 The values of vernacular architecture

The value of vernacular architecture has been 
neglected for a long time, arguably due to the 

1 INTRODUCTION

Vernacular (popular) architecture is an indigenous, 
non-elite and domestic building practice distinct 
from representative architecture (Blier, 2006). It is 
performed by common people, using locally avail-
able resources, as a direct response to their needs 
and values. Hence, it is greatly influenced by cul-
ture and geographical location, and its evolution 
reflects the environmental, cultural and histori-
cal context in which it is developed (Coch, 1998). 
Vernacular architecture is an example of harmony 
between dwellings, dwellers and the physical envi-
ronment, because ancient builders acknowledged 
the interdependence of human beings, buildings 
and physical environment (Singh et al., 2009).

On the other hand, building refurbishment is an 
inherently sustainable activity (Shah, 2012), in which 
the three P•s (planet, profit, and people) are harmo-
niously reunited. First, conservation reduces the 
resource consumption and the waste production by 
keeping the existing building instead of demolishing 
and rebuilding it (environmental sustainability). Sec-
ond, it decreases the lifecycle cost of the facility, by 
reducing the maintenance cost over its lifespan (eco-
nomic sustainability), and third, it ensures that the 
history, the values and the expertise transferred by 
ancient builders are passed on to future generations 
as a precious knowledge asset (social sustainability). 
Consequently, the preservation and refurbishment 
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social pressure to grow, combined with the favo-
rable economic conditions. However, in the last 
decade, numerous studies focused on vernacular 
architecture, especially in terms of environmental 
sustainability. Most studies investigated biocli-
matism aspects and the relationship between the 
shape of dwellings and their responsiveness to cli-
mate (Coch, 1998; Sayigh and Marafia, 1998; van 
Hoof and van Djiken, 2008; Singh et al., 2009). 
Few studies investigated the economic aspects of 
vernacular architecture in specific contexts (Porta-
Gándara et al., 2002; Giannakopoulou et al., 2011), 
revealing the significant economic value embedded 
into vernacular dwellings. Furthermore, a number 
of works have investigated the social aspects of 
vernacular architecture. Lyons (2007) studied the 
highly political nature of domestic buildings in 
political landscapes, while Klaufus (2000) analyzed 
the link between cultural values and the architec-
tural style of vernacular houses and underlined 
that through the constant use of a repetitive idiom, 
an architectural style can become a powerful 
means of communication that reinforces the social 
identity and establishes the boundary between the 
•in-group• and •out-group•. Finally, the building 
knowledge in popular architecture is the combi-
nation of human skills, building techniques and 
social structures (Giannakopoulou et al., 2011), 
achieved by trial and error and often transferred 
to generations by tradition (Sayigh and Marafia, 
1998). Since it derives from the combination of 
human skills, building techniques and social struc-
tures popular architecture holds a priceless source 
of scientific knowledge for which it has to be pre-
served (Giannakopoulou et al, 2011).

2.2 LCA in the built environment

LCA represents the state of the art for the analysis 
of the environmental dimension of sustainability. 
LCA is the •compilation and evaluation of the 
inputs, outputs and the potential environmental 
impacts of a product system throughout its life 
cycle (ISO 14040: 2006). It enables the estimation 
of the cumulative environmental impacts resulting 
from all stages in the product life cycle, in a cradle-
to-grave approach.

In construction, LCA aims at assessing the 
total environmental impact associated with all 
the actions related to the construction and use of 
a constructed asset throughout its life cycle (ISO 
14040: 2006). It can help decision-makers to assess 
tradeoffs in building design by comparing design 
alternatives, to answer numerous questions that 
arise during the design of a green building, and 
reinforce the decisions by providing a scientific 
justification (Bayer et al., 2010). LCA can also 
assist in communicating environmental issues in 

a balanced way (UNEP/SETAC, 2011) and help 
significantly in increasing long-term paybacks by 
better decision making (Bayer et al., 2010).

However, performing an LCA can be resource 
and time intensive. Data gathering is often prob-
lematic, and the availability of data greatly impacts 
the accuracy of the final results. In addition to this, 
its application in the built environment is further 
complicated by several factors, such as the lack of 
standardization of the building process, the long 
lifespan of buildings combined with the shorter 
lifespan of some elements, the use of many dif-
ferent materials and processes, the uniqueness of 
each building (Buyle et al., 2012). Consequently, 
although the general LCA methodology is well 
defined, its application in the building industry 
still suffers from a lack of sector-specific stand-
ardization (Blengini and Di Carlo, 2009). Moreo-
ver, LCA literature in this field is still fragmented 
and spread over several national and international 
publications (Cabeza et al., 2014). Numerous case 
studies are reported in literature (Buyle et al., 2012; 
Cabeza et al., 2014), but no applications to refur-
bishment of buildings could be found. When LCA 
is applied to the existing building stock, it is mainly 
to evaluate energy retrofitting strategies, such as in 
Ostermayer et al. (2013).

3 RESEARCH METHODOLOGY

The objective of the study was to verify the real 
and practical applicability of LCA as a tool for 
assessing the environmental sustainability of refur-
bishment interventions. In the study, LCA was not 
intended as a tool to dictate professionals• choices 
in a refurbishment project, but to raise their aware-
ness on how a solution can affect environmental 
sustainability. The research was conducted using 
the case study as the main method of inquiry.

3.1 LCA phases

According to ISO 14044: 2006, LCA is conducted 
in four phases: 1) Goal and scope definition; 2) 
Inventory analysis; 3) Impact assessment; and 4) 
Interpretation of results.

In the first phase, Goal and Scope Definition, 
the analyst defines the product or service, the func-
tional unit of analysis, and the required level of 
detail. The type of analysis, impact categories, and 
the set of data to be collected are also identified.

Inventory analysis is the quantification of all 
the inward and outward energy flows of the sys-
tem during its entire useful life. In this step, the 
energy and raw materials used and the emissions to 
atmosphere, water, and soil are quantified for each 
step in the process, then combined in the process 
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flow chart and related back to the functional unit. 
The output of the phase is the Life Cycle Inventory 
(LCI) of all the inputs and outputs to and from the 
production system.

In the impact assessment phase (LCIA), the 
emissions from a given product or process are 
translated into impacts on various human and 
terrestrial eco-systems, with the help of  an impact 
assessment method (Bayer et al., 2010). Data 
from the inventory analysis is attributed to appro-
priate impact categories at the midpoint (impact 
categories) or endpoint level (damage categories) 
through characterization factors (UNEP/SETAC, 
2011).

The last step is the interpretation of the results, 
to identify, quantify, check and evaluate informa-
tion from the results of LCI and/or LCIA. This 
phase ends with a set of conclusions and recom-
mendations, including an evaluation of the study 
considering completeness, sensitivity and con-
sistency checks, and limitations (UNEP/SETAC, 
2011). The outcome is directly useful in making 
environmentally friendly decisions. LCA can be 
an iterative process, thus the interpretation of the 
LCA can lead to changes in the proposed design 
and then to a revision of all the phases, starting 
from LCI (Bayer et al., 2010).

4 CASE STUDY

4.1 State of conservation

The object of our study is a vernacular building 
located in the Barrio de Velluters in Valencia. The 
building has the typical features of the oldest build-
ings in the barrio: two rectangular blocks, with four 
and three levels respectively, connected by a corri-
dor forming a trapezoidal atrium, enclosed by the 
walls of the surrounding buildings. The building 
combines housing and work spaces. The ground 
floor is currently used as a warehouse and paint-
ing studio, the first floor is uninhabited, while the 
second and third floors are actually used as houses. 
The state of conservation of the entire building is 
extremely poor. The stored material in the ground 
floor does not allow a proper ventilation of the 
spaces, which has contributed to the degrada-
tion of the walls, ceiling, and floor (diffuse damp, 
plaster detachments, oxidation of steel beams). 
The first floor is severely deteriorated and in very 
poor hygienic conditions, with massive presence of 
damp patterns, wood degradation, and accumula-
tion of organic material on the floor. Most rooms 
on the level show evident cracks patterns, possibly 
due to the different structural behavior between 
the vertical brick walls and the floors, made with 
wooden beams and bricks, but also to expansions 

and raisings over the years. Furthermore, there are 
biotic attacks both on the wooden floor beams and 
doorframes, caused by wood-boring insects (xilo-
phages), and due to the combination of insuffi-
cient aeration and water infiltration, as well as the 
state of abandonment of the apartment.

4.2 Application of LCA to the case study

For the application of LCA to the case study, three 
interventions were selected. To ensure the research 
goal was achieved, the research team selected inter-
ventions that could entail relevant environmental 
consequences, through the adoption of particu-
larly impacting materials, equipments and proc-
esses. Among the list of possible interventions, the 
team identified those that could have an impact 
on the existing structures, and then could some-
how change the historical characteristics of the 
building. Due to the comparative nature of LCA, 
three alternatives for each intervention were also 
selected. The alternatives were different in terms 
of stages of processing, exploited materials, equip-
ment, and use of non-renewable resources. In this 
way, LCA could become a discriminating factor for 
the choice of an alternative rather than another.

A matrix interventions/alternatives (Tab. 1), was 
created to outline the units to analyze. The matrix 
couples the three interventions (identified with 
capital letters), and the three alternatives (identi-
fied with numbers). The intersection between the 
respective rows and columns indicates an assem-
bly, i.e. an inventory of data on all the processes 
involved in the intervention, including materials 
and energy, whose impacts are calculated in LCIA 
phase.

Letter A identifies the refurbishment of a beam, 
degraded by wood-boring insects, and the identi-
fied alternatives were:

A1: pressure injections with permethrin-based 
products;

A2: injections of biological silicate-based 
products;

A3: disinfestations treatment with microwaves.

Letter B identifies the stiffening of a deformed 
wood-brick floor slab, due to different rigidity 

Table 1. Matrix interventions/alternatives.

Alternatives

Interventions 1 2 3

A A1 A2 A3
B B1 B2 B3
C C1 C2 C3
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between loading structures. In this case, the chosen 
alternatives were:

B1: Insertion of wooden planks and ventilation 
beams;

B2: Insertion of a lightweight concrete slab;
B3: Steel Reinforced Grout system (SRG);

Letter C indicates the refurbishment of a small clay 
vault, subject to partial side sinking and cracks 
along the keystones, due to the later opening of a 
row of windows along the bearing wall. The identi-
fied alternatives were:

C1: insertion of a I-shaped steel beam above the 
architrave;

C2: insertion of a laminated wooden beam;
C3: insertion of steel tie rods.

The complete description of all the alternatives, 
including technical details and structural calcula-
tions can be found in Careccia (2013). For each 
alternative, a detailed list of all the processes 
was first prepared. Secondly, for each phase an 
inventory of all the materials and non-renewable 
resources employed in the sub-phase was com-
piled, with their quantification (Tab. 2). Once the 
input inventories were ready, LCIA was performed 
with SimaPro 7.1. With the aid of the software, the 
quantities of material and natural resources were 
elaborated and turned into impacts, at the mid-
point or endpoint level, and the alternatives were 
compared against each other.

4.3 Methodological choices

The system boundaries, the functional units for 
each intervention, and the data sources were set in 
Goal an scope definition phase. Since the research 
was focused on evaluating the impact of the single 
alternative, LCA was conducted at the construc-
tion site level, excluding the transportation of 
materials on site and the disposal or recycling of 

the sub-systems. It was supposed that a structural 
subsystem (a beam, a floor, or a vault) is disposed 
of only if  its structural performance does not meet 
security requirements, in compliance with the local 
legislation. Hence, the disposal phase of the entire 
subsystem was not considered relevant to the anal-
ysis. The use phase was also considered not relevant 
to the scope, while maintenance phases were not 
included to simplify the calculation in this phase 
of the research.

The functional units were different for each 
intervention, but clearly the same for a set of 
alternatives. For instance, the functional unit for 
intervention A was the entire wooden beam. Given 
the length of the beam, the impacts could be then 
referred to unitary measures.

Data on the processes employed in each assem-
bly were gathered from SimaPro databases. When 
processes were not available, they were created and 
uploaded in the software. Due to the lack of spe-
cific data, simplifications were made in this phase. 
For instance, the chemical composition of the 
products for the woodworm treatment was simpli-
fied by including only the major component, and 
the effective time of employment of the machin-
ery, and thus the electricity supply, were estimated. 
Moreover, all the elements that did not generate 
any input and/or potential output for LCA, such 
as the manual work on the beam surface, were 
excluded from the analysis.

The method chosen for impact assessment was 
Eco-Indicator 99. The method includes three dam-
age categories: Human Health (HH), Ecosystem 
quality (E), Resources (R). Based on the Cultural 
Theory proposed by Thompson et al. (1990), the 
method adjusts the level of subjectivity in evalu-
ating the impacts by setting the weights of each 
damage category according to three cultural per-
spectives: Hierarchic (H), Egalitarian (E), and 
Individualist (I). In the case study, the impact anal-
ysis was conducted according to the hierarchical 
perspective, which is usually considered the most 
balanced between the three weights sets. However, 
the other two archetypes were used for a sensitiv-
ity analysis, to check if  there were consistency of 
results in the three visions.

The hierarchical vision was considered the most 
consistent with the application of LCA to refur-
bishment, according to the description provided by 
Hofstetter et al. (2000).

5 ANALYSIS AND DISCUSSION 
OF RESULTS

The damage estimation was assessed by analyzing 
the results obtained from the bar charts of charac-
terization, normalization and weighting phases in 

Table 2. Inventory of inputs for alternative A1.

INPUT
(resources/energy) QUANTITY 

UNIT OF 
MEASURE

Drill electric consumption 
Pressure gun electric 
consumption

1,69 KWh

Brass for nozzles 11 g
Denatured alcohol 1,43 Kg
Permethrin 5,36 g
Heavy aromatic solvent 

naphtha (petroleum)
21,46 g

Wood primer 0,8 kg
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SimaPro. The software feature •compareŽ helped 
to check the best of the three alternatives for each 
intervention, i.e. the with the minimum environ-
mental impact. Furthermore, it was possible to 
identify the sub-phases with the greatest impact on 
the overall results and the most affected impact and 
damage categories. Here, an overview of results is 
presented.

5.1 LCA Results for intervention A

Differently from what was expected, A3 (treatment 
with microwaves) had the greatest impact (2.4 Pt), 
followed by A1 (treatment with permethrin-based 
products) (0.991 Pt), and A2 (treatment with sil-
icate-based products) (0.387 Pt), as displayed in 
Fig. 1. This was due to the high consumption of 
electricity for the use of the equipment, as opposed 
to the minimum quantity of chemical products 
employed in A1 and A2, which caused a less sig-
nificant impact on the three damage categories. 
The bar chart in Fig. 1 also shows that in A3, the 
most damaged category was Resources, followed 
by Human health. Among the impact categories, 
the alternative A3 mainly affected Fossil fuels (1.25 
Pt), which is also the most affected in the other two 
alternatives (0.671 Pt for A1 and 0.302 Pt for A2).

As mentioned in the previous paragraph, the 
comparison between the alternatives of interven-
tion was evaluated according to the three arche-
types of Cultural Theory, to check whether the 
choice of the cultural approach could influence the 
results and be a sensitive element for the analysis.

Despite the different weights given to the dam-
age categories, the most impactful intervention 
was A3 in all the cultural models, while A2 was 
always the least impactful. The score variations in 
the three models, determined by the different set 
of weights associated with each damage category, 
were not so relevant to change the comparison 
between the alternatives. However, while the score 
of A2 was almost consistent in all the three models, 

A3 had a peak in the Individualist version, justi-
fied by the relevant weight assigned to the damage 
category Human Health (55%) with respect to the 
other two categories.

5.2 LCA Results for intervention B

The analysis of the results for intervention B 
showed that B2 was the most impactful (312 Pt), 
followed by B1 (193 Pt) and B3 (141 pt). In Human 
Health, the maximum damage was represented by 
B2 (130 Pt), and the most affected impact category 
was Respiratory Inorganics (96.5 Pt), due to the 
high percentage of concrete in the construction 
of the stiffening slab. In Ecosystem Quality, the 
most impactful alternative was B1 (64.9 Pt), while 
Land Use (40.1 Pt) was the most affected impact 
category, due to the use of wood. Finally, the 
maximum damage in Resources was caused by B2 
(164 Pt), and Fossil Fuels (61.7 Pt) was the most 
interested impact category, as a consequence of 
the production of lightweight concrete. Similarly 
to intervention A, the comparison between the 
three cultural models did not modify the relative 
importance of the three alternatives, although the 
weights changed their final scores. In particular, B1 
and B3 scored consistently across the three cultural 
models, while B2 had a spike in the Individualist 
version, due to the greater weight associated with 
the Human Health damage category.

5.3 LCA Results for intervention C

The analysis of the results for intervention C high-
lighted that C2 was the most impactful alterna-
tive (9.54 Pt), followed by C1 (4.22 Pt), and C3 
(0.786 Pt). With regard to the damage categories, 
in Human Health the maximum damage was rep-
resented by C2 (5.98 Pt), and the most affected 
impact category was Respiratory Inorganics (4.66 
Pt), due to the production of the steel beam. In 
Ecosystem Quality, C1 was the most impactful 

Figure 1. Impact of the three alternatives for interven-
tion A: refurbishment of beam (Careccia, 2013).

Figure 2. Impact of the three alternatives for interven-
tion B: stiffening of floor slab (Careccia, 2013).
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(2.56 Pt), while Land Use (2.42 Pt) was the most 
involved impact category, due to the consumption 
of wood to produce the engineered wood beam. 
Lastly, in Resources the highest impact was rep-
resented again by C2 (2.73 Pt), while Fossil Fuels 
(2.24 Pt) was the most relevant impact category, as 
a consequence of steel production.

The sensitivity analysis on the models con-
firmed that the choice of a cultural model does not 
affect the validity of results. Similarly to the previ-
ous interventions, in the individualist perspective, 
the overall score of the alternatives that impacted 
mostly on Human Health showed a spike. Indeed, 
the individualist model is clearly too unbalanced 
towards human health issues and probably does 
not provide an objective view of a specific process 
in a refurbishment project.

6 CONCLUSIONS

The research presented here showed how sustain-
able choices can be made in refurbishment projects 
on vernacular buildings. In particular, LCA was 
used as a means to raise designers• awareness on the 
impact that a specific solution may cause on the envi-
ronment, from a long-term perspective. The results 
showed that the traditional principle of minimal 
intervention in restoration embeds environmental 
sustainability principles. For instance, the insertion 
of steel tie rods to rebalance the horizontal thrust 
in the clay vault (C3) benefits from the minimum 
quantity of materials added to the original structure. 
Moreover, the woodworm treatment with biological 
products (A2) has the least relevant impact on the 
subsystem thanks to its reversibility and compat-
ibility with the nature of wood. On the contrary, the 
best environment-friendly option to strengthen the 
wood-brick floor slab was also the most innovative 
technique, SRG (B3). Even in this case, the quantity 
of materials employed in the technique plays a key 
role in the determination of impacts.

The application of such a powerful and well 
established technique to building refurbishment 
is a novel approach, affected by inaccuracies but 
widely improvable through the enlargement of the 
body of knowledge. Indeed, the drawbacks of the 
application LCA to built environment issues are 
even magnified when it is implemented in refur-
bishment. Specific data on the duration of sub-
systems, the materials utilized in refurbishment 
techniques and the energy embedded in work pro-
cedures on site are often difficult to find. However, 
this barrier can be overcome by consulting experts 
in the field, who can provide valuable insights on 
the work procedures and the resources required 
for the technique to be employed according to the 
good rules. On the contrary, augmenting profes-

sionals knowledge, comprehension, and conscious-
ness of the implications of their choices in building 
refurbishment may be pivotal to keep the built her-
itage in good conditions for the present and future 
generations.

Further research may investigate the influ-
ence of maintenance cycles on the impact of the 
alternatives and the identification of an opti-
mal set of weights for the application of LCA to 
refurbishment.
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Open Tools applied to low-tech curved roofings, Elche & Muchamiel, Spain
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University of Alicante, Alicante, Spain

ABSTRACT: Few decades ago, a systematic study about bamboo structures was developed by the Stutt-
gart Institute (Germany), and specific tests for mechanical behaviour were developed. This paper initially 
exposes the basic principle of SI (Stuttgart Institute) analysis technique, then it shows thoroughly the way 
that reeds and bundles had to be curved employing a test inspired in SI analysis, in which elasticity tests 
were taken to the parametric environment in order to obtain forms and structural models. The vernacular 
experiences in which this knowledge was applied were three artisan ceiling domes of a canteen in Elche, 
and a semi-industrial warehouse in Muchamiel. To conclude, the use of Open Tools has been emphasized 
as a way to analyse and learn from ancient and artisan technologies, in this case the Mediterranean reed, 
giving versatility and process control for further experiments. This method is meant to be open and trans-
ferable in accordance with Open Source Ecology.

parasite affection. For these reasons, it is useful to 
consider tools which, once arrived to construction 
sites, can give empirical and direct information to 
the designer in relation to the real behaviour of the 
reed for example the levels of stress and strains just 
before being placed on site.

1.1 Learning by building collaboratively

The tests and constructive methods exposed in this 
paper are the result of a collaborative approach. 
This kind of approach is appropriate when deal-
ing with complex human contexts: the restoration 
projects of a social architectural heritage in which 
collective decisions are needed, the combination 
of artisan and industrial processes that can lead to 
many unexpected situation and the intuitive learn-
ing process where knowledge and skills are trans-
ferred from experts to trainees and vice versa.

1.2 Open Source Tools

The Stuttgart Institut Editions (Otto 1971), the 
Whole Earth Catalogue (Brand 1968) or Shigeru 
Ban (Mc Quaid 2003) are forerunners of listing 
effective techniques, sustainable materials and 
methods of intervention with an Open Source 
point of view.

Nowadays, some researchers and teams have 
demonstrated the same interest. For example 
•Inteligencias ColectivasŽ is an open on-line data-
base that includes non-standard artefacts and 
constructions derived from the knowledge and 
experience of artisans all over the world (Zuloark, 
2010); and the •Civilization Starter KitŽ which is 

1 INTRODUCTION

Reed (Arundo donax) is a very common building 
material in the South East of Spain for ceilings and 
organic buildings, as well as for tomato agricultural 
structures. So it is not surprising that, for exam-
ple, in the eighties, the 80% of the inhabitants of 
San Anton neighbourhood (Orihuela, Spain) were 
employed in reed-bed industry. Every worker in the 
production chain was specialised in one task: col-
lecting, peeling, cracking or weaving the reed. The 
vegetal products were progressively replaced by 
plaster in the construction of ceilings, having a deep 
impact on reed-bed industry as these structures 
were the main artefacts where reeds were used.

Reed needs a wet or humid soil to grow. It sprouts 
two or three times per year, depending on the cli-
mate and after two years it reaches maturity and is 
suitable for construction (González et al. 2012).

The roofing where the reed is used nowadays has 
to respond to constructive (sealing, thermal insula-
tion, transpiration, etc.) and structural needs (solid-
ity, stability, durability, etc.). To do so, according to 
ecological principles, the designers have to choose 
the minimum quantity of material needed by the 
requirements coming from external environment.

Generally, when the design is approached, the 
real behaviour of this material is not known due 
to its variability. This variability is caused by 
multiples factors: the periods of recollection, the 
fluctuation of the section along the reeds and the 
diverse ways to combine them to create bundles. 
Any kind of standardization is difficult to achieve, 
as the strength of the material also depends on the 
grade of humidity, the exposure to sun and the 
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the updated guide of the •Global Village Construc-
tion SetŽ, a project disseminating the basic layouts 
and making-offs for the most essential machines 
that are needed to achieve modern living comforts 
in a village. This guide shows how these machines 
can be reproduced by anyone using common mate-
rials, tools and basic skills (Jakubowski, 2011).

For the above mentioned authors, Open Source 
Tool means the possibility to produce self-suffi-
ciently a basic mechanical product; moreover it 
means to reduce the time consumed in intermedi-
ate processes, to bring transparency to knowledge, 
to increase citizens• independency and to approach 
technology applied to heritage with an artisan-in-
dustrial point of view.

2 TECHNICAL BACKGROUND

Natural and artificial structures acquire their form 
or increase their potential energy by moving a 
part of them or by adding a force before starting 
with their function. That•s the case of a bundle of 
twisted steel cables or a bundle of reeds.

2.1 Basic structural principles

Flexibility of canes, reeds or bamboo is the respon-
sible to obtain multiple possibilities of bending 
grades (one grade: vault; two grades: dome; three 
grades; free-form). The process of creating a three-
dimensional surface usually starts with a regular 
plain mesh surface laid on the floor; this bi-di-
rectional grid is lifted by sliding the long elements 
through the crossing connections (Fig. 1).

The German architect and structural engi-
neer Frei Otto, during the seventies and eighties, 
directed his attention to this basic structural prin-
ciple: •ƒ vegetal poles have been used as structural 
elements. A wide range of applications for the thin-
nest of branches to the thickest of trunks can be 
found in every culture. If a pole is used to transmit 
loads as in the case of houses, roofs, towers, bridges 
and even ship•s masts, knowledge of the loadbear-
ing capacity and the deformation characteristics is 
of major importanceƒŽ (Otto 1985). A collection 
of detailed drawings des-cribed the bending move-
ments for one simple bamboo reed under stress 

and underlined the diverse deformations, structural 
answers, external connections and variable loading 
conditions of the vegetal pole or reed in relation 
with the decreasing transversal section (Fig. 2a).

Frei Otto•s drawings showed also the proper way 
to cut and combine the decreasing sections of diffe-
rent vegetal poles. He had already recognized that 
poles have more flexibility in the upper part because 
the diameter and thickness of the section are smaller 
(Fig. 2b). The test done used a rectangular matrix as 
a way to reference the deformations (Fig. 2c) and 
two pin connections were included in order to fix 
the cantilever, while a single one was applied when 
using two balanced extensions. In some of the 
experiments, Frei Otto used foam columns with 
decreasing section in order to check the deforma-
tion without taking into account the localized flaws 
of bamboo or its non-isotropic behaviour.

2.2 Empirical approach in Catalonia (Spain)

Inside the research line •Organic revolution: 
genetic architecture networkŽ the Studio SEED 
and KRFR are working nowadays towards the 
certification of patterns, tests and parameters in 
order to improve the usability and transmission of 
information of low-tech construction with Medi-
terranean reed (Arundo donax).

This group has written algorithms for paramet-
ric interfaces (Grasshopper). At the same time, 
these researchers work with test models at 1:1 scale 

Figure 1. Creating a bamboo grid carried out by the 
Fachhochschule Aachen (Bermejo).

Figure 2. Drawing of vegetal poles in a living or freshly 
felled state (a); bending test on bamboo poles at Madras 
(Tamil Nadu, India) (b); foamed poles on wooden grid 
panel (c) (Bermejo).
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where extensometers are placed in a structure 
made of bundles of reeds creating a concave sur-
face (Figs. 3a-c). In this case, a highly elastic behav-
iour was observed (horizontal deformation up to 
400 mm for a horizontal load of 2.5 kN, which eas-
ily corresponds to an static equivalent wind load) 
(Figs. 3d-e). (StudioSeed 2011).

3 RESEARCH PROCEDURE

The present research is based on an analysis of 
Mediterranean reeds• specific properties obtained 
with instrumental experiments and direct experi-
ences done in Levante (Spain).

3.1 Tests for parametrized curved roofs

A preliminary bending test (Figs. 4a, 4b) using dif-
ferent lengths, ages and dryness of reed produced 
a set of digital pictures that give information about 
the dissymmetrical behaviour caused by variations 
in structural stiffness along the length of the reed. 
It is the same analytical test that Frei Otto did 
(Fig. 2c), switching the foamed poles with Medi-
terranean reeds.

Altogether, the pictures give an idea of the mate-
rial flexibility when an oblique force is applied. This 
way of operating with the camera and overlapping 
images is a tribute to Muybridge•s approach when 
he analysed the gallop of horses at the end of 19th 
century (Brookman 2010).

An oblique force is applied to reeds of different 
length, first fixing one end to the bottom left corner, 
secondly pulling the free end down to the ground 
and finally sliding it towards the bottom left corner 
until the reeds brake. The horizontal distortion 

could be easily observed and measured through the 
pattern of the background surface (Fig. 4c).

The resulting photographs showed unequal and 
dissymmetrical deformation for the same load in 
different study cases. A useful result is the identifi-
cation of the transition from the first level, when a 
given force produce great deformation, to a second 
level, when adding the same force correspond to 
smaller deformations (Fig. 4d). If  the first bending 
level is chosen for any use, it means that material 
stresses will reach reduced values. If  the intention 
is to design a structure with bundles, the average of 
individual stress values is to be considered.

After collecting the mentioned digital pictures, 
the layout of each deformation status were trans-
ferred to the digital space (Rhinoceros) in order 
to obtain the overlapped drawing (Fig. 5a). After-
wards, using the parametric definition (Grasshop-
per), it was obtained an interpolated surface which 
was used in further structural simulations. For 
example, one of the suitable bended shapes was 
isolated, rotated, twisted and copied in order to 
obtain complex models (Figs. 5b, 5c).

3.2 Open Tool to confirm the mechanical 
behaviour

The controversial issue when designing with bun-
dles of reed is the difficulty to obtain regular and 
straight ensembles with similar bending behav-
iour along their main axis. After peeling them and 
before producing the bundles, good practitioners 
calibrate and place reeds into groups with similar 
diameter and thickness of the section and longitu-
dinal twist (clockwise or anti-clockwise direction).

Figure 3. Arches of a concave reed structure (a); direct 
foundation (b); front view (c); elasticity test pulled by car 
(d); extensometer gauges (e) (Bermejo). Figure 4. Deformation layout (a); set of images (b); 

manually forced method (c); overlapped layout of com-
plete set (d) (Bermejo & Enguita).
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The proposed tool (Fig. 6e, 10) is able to test and 
register different bundle combinations evaluating 
their deformations while the construction process 
is been performed, or as a research method with 
which 3D digital models can be obtained.

Two kinds of test can be done with the previous 
tool to observe and register reeds and bundles of 
reed: as a cantilever (Fig. 6a) or with both articu-
lated ends (Figs. 6b-d).

Horizontally, the tool includes two sliding trol-
leys along the bottom •kleinŽ guide; vertically, it 
includes a reference ruler in the middle and a fix 
column on one edge with pulleys and counter-
weights (Fig. 6e). Design includes extensometers 
measurements throughout the bundle.

This device can be combined with a •KinectŽ 
sensor connected with a laptop to obtain, in a fast 
way, parametric interpolations with the purpose of 
selecting the suitable (durable, easy to fix, easy to 
connect) layout for a bundle of reeds.

Considering that this tool works to optimize 
vernacular technology, that, sharing the informa-
tion, can be manufactured with local available ele-
ments and that it is easy to disassemble, it can be 
considered an Open Tool.

4 RESULTS: VERNACULAR 
EXPERIENCES

The information obtained from the described pre-
liminary tests with reeds and bundles of reed was 
determinant for the formal decisions and for the 
technical justification of the construction process 
of both Elche and Muchamiel experiences.

4.1 Dinning roof for a bio-construction atelier 
in Elche

The creation of a communal dining room by •Bio-
vivesŽ association within a factory in Elche, was 
the occasion for the bio-builder Vicente Campos 
to propose a workshop on reed construction, in 
which some experts from the collective •Proyecto 
ÁsiloŽ were involved (Ásilo 2014).

The goal was to cover three square spaces with a 
light vaulted system below the existing roof using 
Mediterranean reed (Arundo Donax)  (Fig. 7a). A 
preliminary discussion was needed to clarify the 
suitable solution: the builder wanted to experiment 
with dome models, while the customer preferred 
simple barrel-vaulted ones. Following with the 
builder•s idea, finally three domes were built; they 
were slightly different due to the fact that each time 
the way to place the main ribs (reed bundles), and 
the way to fix the secondary surfaces among them 
was improved (Figs. 7b-7e).

Bundles of reeds were designed with a length 
L 2 bigger than the straight string L 1 between sup-
porting walls, by introducing a longitudinal defor-
mation (Figs. 7a, 7d). This force would introduce 
opposite tensional stresses in the reed fibres of the 
resulting arches, in relation with final state of load 
when the covering was completed. It means that 
two compatible and opposite structural elements 
would be overlapped and counterbalanced. In this 
way, the preliminarily induced deformation col-
laborates to the structural stiffness.

Figure 5. Grasshopper parametric definition (a); Rhino 
models adjusting number orientation and level of defor-
mation (b, c) (Bermejo & Enguita).

Figure 6. Preliminary test explained in 3.1 (a); introduc-
ing symmetry to previous one (b, c); structural scheme 
for second position (d); proposed •open toolŽ for both 
requirements (e) (Carrasco & Bermejo).
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Domes were thermally protected with a coating 
of bobber palm mixed with plaster called •Palmay-
olaŽ (Fig. 8e-g). The bobber was obtained from a 
specific part of the trunk of the palm tree, covered 
by the bark during the drying process. The lower 
density of this material is always found in the 
upper part of the trunk.

4.2 Semi-industrial warehouse in Muchamiel

As in the first case, the common reed was chosen 
for the structure because of its inherent proper-
ties: natural, biodegradable, removable after a few 
years, low cost and often considered a waste mate-
rial. In the surroundings of the construction site, 
reed was used in crops to support growing plants 
(tomatoes, beans, etc.) and in traditional buildings 
(roofing, false ceiling, etc.).

The basic design concept for this experimental 
roof was that each member of this structure was 
going to be exposed without protection, and the 
interior space had to be maximized.

The chosen geometry had to incorporate a verti-
cal tangency and a maximum curve radius along 
the bottom part of the vault. Some changes with 
transversal curved layout were done and the con-
nections were articulated.

The hybrid aspect of the final solution, half  
vault half  portico, came from direct decisions on 
site (Figs. 9a-c).

The preliminary independence of the main 
curved reeds in the layout was finally adjusted with 
a secondary transversal family of reed (Fig. 9d); the 
use of clamps to progressively adjust the shape was 
essential while the use of steel bars and rubber sleeves 
to provide friction and strength in the connection 
with the foundation was necessary (Fig. 9e-f).

Figure 7. Elche (Spain): general layout (a); pre-con-
struction on floor (b); attaching secondary members (c); 
checking arches• sag (d); detail of crossing connections 
(e) (Ferrando).

Figure 8. Dome with oculus (a-d); cutting and mixing 
mortar for the exterior covering called •PalmayolaŽ (e-g) 
(Ferrando).

Figure 9. Farm roof, Muchamiel (Spain): first layout 
(a); portico with twin columns (b); lattice (c); bundles of 
reed (d); steel bar in connections (e); temporary support 
(f) (Toledo).
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5 DISCUSSION

Workshop format is suitable to experiment with 
artisan and vernacular techniques in which win-
win synergies among participants (experts, learn-
ers, organizers, volunteers) are easy to be generated. 
Moreover, workshops are developed according to 
natural cycles, as the moment to pull out the reeds 
causing the least biological disturbance.

The process of knowledge and approach to the 
behaviour of reeds follows the philosophy of the 
Open Source Ecology Tools: tools to reduce the 
uncertainty of natural processes, to contribute to 
encode vernacular uses and to make manufactur-
ing processes easy (Fig. 10).

This kind of tools contributes to the freedom 
and education of common decisions. Any citizen 
could think about which technological process he 
would suggest in his neighbourhood in order to 
contribute to the development of a new ecology 
for vernacular heritage.
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Via Traiana„an ancient route for contemporary territorial development

G. Ceraudo
Università del Salento, Lecce, Italy
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Consultant, Buonalbergo, Benevento, Italy

ABSTRACT: The Via Traiana was realized under the Emperor Traiano in the 109 AD in order to con-
nect in an easier way Benevento with Brindisi, in alternative to the inner and winding route of the Via 
Appia. Via Traiana deeply modified original natural landscape as it was projected and built with an inno-
vative and strategic vision, strictly connected to military exigencies. The roman Via can now become an 
opportunity to launch territorial development, where knowledge of cultural heritage, protection and val-
orization of monuments and archaeological areas, touristic promotion should be conveniently balanced. 
Methodological approach will be innovative and qualified by the attention to some of the new technolo-
gies: GIS and remote sensing methods, in the phase of knowledge and protection; virtual reconstruction 
and augmented reality in valorization and promotion.

The feat, obviously of considerable financial 
commitment, was realized also with an impres-
sive technical effort, both in the construction of 
the road-bad and his paving in correspondence of 
the passages within or near the cities, and in the 
realization of the necessary infrastructures. Sev-
eral bridges, among the most impressive made 
in Italy in antiquity, were built to overcome the 
main rivers. We have also to consider the location 
of milestone columns along the entire route and 
of commemorative epigraphs on the mainstay of 
the crossed bridges, inscriptions through which 
they aimed to enhance the energetic character of 
the feat promoted by the emperor and that quali-
fied the construction of the road as an event of 
great importance in the imperial programmes. 
There were more than 200 milestones placed 
along the way, nowadays they are about one out 
of three, with the inscription changeable only for 
the indication of the mile number put on the first 
row of the inscribed pillar: Imp(erator) Caesar/
Divi Nervae f(ilius)/Nerva Traianus/Aug(ustus) 
Germ(anicus) Dacic(us)/Pont(ifex) Max(imus), 
tr(ibunicia) pot(estate)/XIII, imp(erator) VI, co(n)
s(ul) V/p(ater) p(atriae)/viam a Benevento/Brundi-
sium pecun(ia)/sua fecit.

Other inscriptions found along the path link to 
interventions of restoration concerning the bridges 
and the roads promoted by the emperors Settimio 
Severo and Caracalla (210 AD), by Tetrarchi (end 
of 3rd„early 4th century AD) and by Costantino 
(313…314 AD).

1 HISTORY„BACKGROUND

Via Traiana was constructed under the Emperor 
Traiano in 109 AD to connect with an easier 
path„although longer„Benevento with Brindisi, 
as an alternative to the inmost and tortuous path 
of Via Appia.

It was certainly an enterprise concluded after 
years of work, even adjusting existing roads: we 
can deduct the year of starting works … 109 AD-
from Traiano•s XIII tribunicia potestate, position 
indicated on the milestones inscriptions; instead 
the dedication of the triumph arch offered to the 
emperor by the Senate and the Roman People in 
Benevento placed at the entrance of the street, is 
dated 114 AD.

On some coins issued from 112 AD is repre-
sented the icon of the via Traiana: this is depicted 
as a laid female figure laying and resting on a rocky 
horn that could symbolize the Appennino moun-
tains crossed by the road, whose right hand sup-
ports a wheel leant on the legs (clear reference to 
travel by land), while with the left holds a gnarled 
twig (probably olive, typical culture of Puglia 
region, point of arrival of the street); with the 
legend S(enatus) P(opulus)q(ue) R(omanorum) 
optimo principi. Via Traiana.

After Beneventum, leaving from the triumphal 
Traiano arch, the via Traiana ended in Brundisium, 
the most important Italian port for the East, kaput 
viae opposed to Beneventum with a total distance 
covered of 206 roman miles, about 305 km.
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The various stages of the via Traiana, even 
with the indication of the distances, are well 
recorded in three ancient Itineraries: Itinerarium 
Antonini, Itinerarium Burdigalense and Tabula 
Peutingeriana.

2 INFRASTRUCTURES AND LANDSCAPE

Ancient infrastructures as via Traiana have deeply 
modified landscape and environment. Landscapes 
can largely be considered •naturalŽ before the 
building up of roman structures in the inner areas 
of south of Italy, where only transformation of 
original landscape was due to agriculture, to resi-

dential villages and to isolated and punctual struc-
tures where people practiced religion. All those 
structures, anyway, were integrated to the territory, 
and they didn•t request large scale landscape modi-
fications to be realized.

Overall the inner areas had not been interested 
by great religious buildings that characterized 
coastal areas of Magna Grecia.

Our territories, border areas between actual 
Campania and Puglia Regions, were (and are) stra-
tegic allowing the crossing of Appennini Mounts 
and reach, in winter time, plains from mountains 
and vice versa. Even a large range of connecting 
routes, crossing these areas, can be considered nat-
ural and perfectly integrated into the environment, 
such as so called •tratturiŽ, that despite to their 
role„move herds and flocks with nomad clans 
shepherding them„cannot be considered built up 
infrastructures; they were •grass-waysŽ, just not 
planted paths among cultivated lands and woods.

So we can say that •Viae consularesŽ [consu-
lar roads] have been the first attempt to built long 
linear infrastructures connecting large towns to 
strategic territories and places. The main role of 
Via Traiana was to link Beneventum, town in the 
watershed between Tyrrhenian and Adriatic Seas, 
and Brundisium, important harbor to reach east-
ern territories of the empire.

Via Appia from Rome to Beneventum and to 
Taranto and its more recent and quickest alterna-
tive to Via Traiana, from Beneventum to Brundi-
sium, represented a revolution in the original 
landscape of inner areas of Campania and Puglia 
and in particular in the provinces of Benevento, 
Avellino and Foggia.

After their construction nothing was the same. 
Even if  these roads were built following existing 
routes and paths of migration of local population„
pushed to conquer new territories when the number 
of members of their clans were over populated to 
have enough means and food for all of them„tech-
niques were completely different from before.

Roman builders didn•t adapt their shapes to mor-
phology, but they bended territories to their needs: 
efficiency, effectiveness and economy. Technical 
translation of these needs is to build up a rigid struc-
ture able to support a constant flow of soldiers and 
their means, not depending on seasonal changes.

Bridges were„and often they are after 2 thou-
sand years„the maximum expression of their 
heavy impact on landscape, with powerful struc-
tures, able to cross rivers that in autumn and spring 
became very insidious.

Impact of roman roads was not only •linearŽ, 
but they influenced and shaped large areas, as 
functional needs requested facilities that were cre-
ated along the road, modifying existing or building 
new structures.

Figure 1. Map of South of Italy. Main roman routes 
crossing Appennini between Campania and Puglia 
Regions (Archivio LabTAF Università del Salento).

Figure 2. Milestone of Via Traiana with dedicatory 
inscription (Archivio LabTAF Università del Salento).

Vernacu_Book.indb   200Vernacu_Book.indb   200 7/31/2014   7:40:13 PM7/31/2014   7:40:13 PM



201

The main need of roman army was to have the 
possibility to stop and rest at mid-day and have a 
place to spend the night. The first stop was estab-
lished after almost 10 miles of march and every 
day they had to walk an average distance of 20 
roman miles. So they built up facilities at these dis-
tances along their roads. We can see this rigid pat-
tern respected between Beneventum and Aequum 
Tuticum (21 roman miles) with an intermediate 
stop at Forum Novum (10 roman miles away from 
Beneventum).

The impact of those places was extended to 
areas as large as they were able to produce enough 
to support travelers and families of personnel 
involved in the management of those places.

The way •roman civilizationŽ ruled agriculture 
in these inner areas was determinant in landscape 
modifications. Agriculture was not anymore just a 

way to feed people living and working in a certain 
territories, but it had to produce a surplus to sup-
port activities connected to the road, first of all the 
imperial army moving on via Traiana.

Villae rusticae grew along roman roads in this 
context, assuming, sometimes, the dimensions of 
a village, with many people living and working in 
its borders.

The effects of the impact on territory and land-
scape was still visible in the first Middle-age, when 
•ForaŽ. •VillaeŽ and other roman urban settle-
ments became proper villages and towns, related to 
the road. It•s the case of Forum Novum, in actual 
Comuni of Paduli and Sant•Arcangelo Trimonte 
and that of Aequum Tuticum, in Ariano Irpino.

When people had to leave the valley to shelter on 
hills or in safer places, the Via remained their focal 
point, even if  under remote control. So Via Tra-
iana, determined a new landscape transformation 
with the phenomenon of •incastellamentaŽ, with 
defensive structures and villages built on the top of 
the hills whose evolution formed a landscape still 
crystallized in the second half  of XX century.

Landscape has been modified from the 1960s 
with an uncontrolled urban spread, due to a new 
way of living, as family farmers left definitively vil-
lages to live in the country.

Ancient viability (Via Traiana, via Sacra Lan-
gobardorum) is, actually, almost completely hid-
den and only ruins of important structures are still 
visible.

3 VALORIZATION AND PROMOTION

Landscape we can see today can be schematize as 
overlaid layers in transparent or opaque stains, where 
we can note, in some site, very ancient elements and 
others areas where only actual items are evident.

Other factors we have to consider, in order to 
the easy observation of landscape, is the use of the 
territory: residents living in this area, with their 
needs of services; visitors attracted by natural and 
cultural heritage; public entities who must guaran-
tee both a good level of quality of life to residents 
and protection, valorization and promotion of 
heritage, even as opportunity for social and eco-
nomic development.

First step to make those three instances compat-
ible among themselves is the knowledge of terri-
tory and its normalization in a dataset managed 
through a geographical information system (GIS). 
The implementation of a Territorial Information 
System will be able to present a clear picture of 
the situation.

A good knowledge of territory, and of the 
relationships among different items that charac-
terize it, is the basis of protection. Territory and 

Figure 3. Ponte delle Chianche. Roman bridge in 
Comune of Buonalbergo (BSR* Photographic Archive, 
Robert Gardner Collection).

Figure 4. Ponte Latrone. Ruins of the bridge between 
Sant•Arcangelo Trimonte and Buonalbergo (BSR* Pho-
tographic Archive, Robert Gardner Collection).
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landscape are complex systems and an integrated 
approach is necessary to afford and solve problems 
regarding their protection and development.

GIS technology will ensure a complete represen-
tation of territory, first; but it•s even an important 
project tool, as it is able to process a great number 
of data and to give necessary elements to set up 
projects of valorisation.

Valorisation cannot put aside the existing mon-
uments and it•s not possible to make visible and 
accessible ancient ruins in many sites and context, 
without destroying more recent structures. A pos-
sible solution is the virtual reconstruction of struc-
tures and context, just as the layers placed on the 
same basis and accessible on different levels of 
interest, by local land users and visitors.

Virtual reconstruction needs a consistent data set, 
made by detailed surveys of places and structures 
and data coming from topographic and archive 
researches. It•ll allow an accurate reconstructive 
hypothesis of the monument or of the structure under 
study. Specific softwares will be used for 3D model-
ling and for realization of three-dimensional models 
with a plausible and ultra-realistic approach.

Structures will even be contextualized in their orig-
inal landscape with different reconstruction in differ-
ent steps of their evolution, before building them up, 
during the use and their decay, everything according 
to a scientific analysis of surfaces and materials. This 
will bring to an advanced photographic texturing 
and to mounting of many set-up aiming to create 
high definition raster images from different points of 
view and with realistic rendering.

Accessibility to landscape and to cultural her-
itage that it incorporates will be magnified by 
•augmented realityŽ (AR). It•s a technology that 
superimposes a computer-generated image on a 
user•s view of the real world, thus providing a com-
posite view.

AR is surely very effective in pursuing objec-
tives of promotion, as it•s able to give to visitors 
an interactive experience with a great amount of 
information straight on site through the use of 
normal devises as tablets, smart-phones or elec-
tronic glasses (google-glasses). More interesting 
are the possibilities of both specific and scientific 
information on site and relationships with other 
sites and different issues, with thematic or geo-
graphical connections.

Pilot project based on these technologies have 
been proposed and are going to be developed in the 
area crossed by Via Traiana between Provinces of 
Benevento and Avellino. This territory is affected 
by a dramatic social desertification and it•ll sur-
vive only founding its development on cultural and 
natural heritage, but at the same time, increasing 
the quality level of modern services to residents. 
Two objectives, apparently in contrast, that must 
become mutual, thanks to virtual infrastructures 
that will constitute a new layer on this landscape.

4 VIA TRAIANA PROJECT

The «Via Traiana Project» fits in the activities of 
research carried out by the LabTAF at the Depart-
ment of Cultural Heritage at the Salento University 
in Lecce. The project involves the territory crossed 
by the main Roman road and is pursued according 
to the experience estate of the •ancient topogra-
phyŽ, methodologically and technically updated.

Following the traditional sources for this type 
of investigation, the innovative methodological 
approach to the archaeological problematic of the 
territory is qualified by the attention to some of 
the new technologies and especially to the remote 
sensing systems. During these last years the evolu-
tion of the discipline has considerably progressed, 
mainly for the availability of new instruments 
arising from technological progress and from the 
tight integration with other disciplines, both in the 
humanistic field and in natural sciences.

4.1 Topographic survey

With the intention to renew this line of research, 
but without losing sight of the fundamental targets 
of knowledge to be achieved through the topo-
graphic field investigation, we have to corroborate 
that this type of activity is necessarily supported 
by the consolidated techniques of direct field 

Figure 5. Ponte delle Chianche. Actual situation above 
and virtual reconstruction below (Archivio LabTAF 
Università del Salento).
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reconnaissance. In fact, one of the elements that 
most qualifies archaeological topography is the 
survey, integral and systematic.

New methods of recording were applied to the 
results of the survey, also cartographic, concerning 
the presence and the distribution of archaeologi-
cal testimonies, taking into consideration both the 
absences and geo-environmental factors that may 
have influenced, conditioned, limited or avoid the 
direct field reading on the ground, describing the 
degree of legibility in the •visibilityŽ charts of the 
reconnaissance land.

Moreover, to facilitate the cataloguing operations 
on the ground, is now in progress of implementa-
tion and experimentation a new software that will 
be a support for the topographic survey (it is called 
Ulixes), developed and conceived to run on compact 
systems (PC handheld and tablet PC). This software 
is able to record the GPS signals, giving back in real-
time, and with a metric precision, its position on a 
vector or raster cartography and includes within it 
a form for the acquisition of the UT cards (Topo-
graphic Unity), which automatically associates the 
position of the discovery to its description.

Informatics applications (database and Territo-
rial Information System)

The complexity of the adopted strategy and the 
enormous quantity of acquired data have made 

indispensable the realization of a GIS system for 
the archiving, managing and processing of the 
information gathered so far, logical development 
of the field researches, of the finalized cartography 
and of the photointerpretation.

The Territorial Information System of LabTAF 
was realized by gathering the experiences and the 
technologies developed in more than a decade 
of applications, through successive thinning in 
a number of sample areas representative of the 
national situation.

4.2 Traditional sources and new investigation 
methodology

In addition to the activity on the field, great space 
has been dedicated„as usual„to the specialized 
analysis of the vertical aerial photography, that is 
a fundamental instrument for the knowledge and 
the documentation in the studies of •archaeologi-
cal topographyŽ, which represents, with its appli-
cations, one of the sources who offered the most 
useful results for the studies of this sector.

The research activity of the Lecce•s labora-
tory, linked to the aerial relieved images, was not 
confined only to find vertical aerial photographs. 
More recently in Italy the abrogation of the •Regio 
DecretoŽ, dated 1939, concerning the aerial shoot-
ings, which took place in December 2000, is to be 
considered among the most significant changes in 
our specific area, and has finally opened, also in our 
country, the borders of aerial reconnaissance flights 
at low altitude and the shooting of oblique images.

The more interesting results and the striking 
images were obtained in the stretch of the via Tra-
iana between Aecae and Herdonia, in Tavoliere 
in the province of Foggia.The favourable combi-
nation between the geological composition of the 
soil (formed in the subsoil by a calcareous layer, 
called crusta) and the type of culture prevailing 
of cereals, in facts, determines the period of maxi-
mum development before the full maturation of 
the plant during the month of May, and slightly 
delays that by the presence of residual moisture in 
ditches and other depressions in the ground, which 
are marked by a considerably darker tone, clearly 
visible observing the camps from above.

Therefore, it was started a specific program of 
aerial reconnaissance of the area, with photographic 
surveying at low altitude photography and with aer-
ial oblique shootings along the entire thoroughfare.

For the via Traiana the presence of literary 
and epigraphic sources, of the ancient itineraries, 
of several milestones, of toponyms, of medieval 
sources, of the historical cartography and„as 
already said„of aerial images of different types, 
in close liaison with the archaeological research 
conducted on the ground, have made possible a 

Figure 6. Survey on field. Territory of Troia (roman 
Aecae) (Archivio LabTAF Università del Salento).

Figure 7. Example of aerial view (Archivio LabTAF 
Università del Salento).
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detailed reconstruction of the layout, allowing 
the comparison and the integration of the data 
with what has already been reported by influential 
scholars on the basis of the itinerary sources in our 
possession: the researches undertaken by Thomas 
Ashby at the beginning of the last century and by 
Giovanna Alvisi, especially for the segment-cross-
ing of the Tavoliere Pugliese.

In addition to this type of integrated research„
extensively tested in numerous detailed stud-
ies„we believe it is now appropriate to make profit 
of those potentialities that, thanks to the modern 
technologies related to informatics, and in particu-
lar the implementation of numeric cartographies, 
we can use. The analytical charts, now fully three-
dimensional, not only in the substance but also 
in the shape (through processing of specific soft-
ware), allow to carry out, with extreme precision, 
complicated measurements on digital models of 
the ground, in which are taken into account not 
projected distances on a plan, but in their real alti-
metric elevation, calculating the measure on the 
climbs that we can meet along the path of a road 
axis, safety or rebuilt, with its variants.

This type of procedure, replicable in those con-
texts where the modern morphology has not been 
completely modified in relation to the ancient, will 
be applied to reconstruct the entire path of the via 
Traiana, in particular it has already been tested in 
the stretch Aecae-Herdonia. The portion of the 
land affected by the passage of the ancient road, 
including possible variants, has been shaped in 3D, 

putting above the line of the road, at that point 
measurable in his real development and in his real 
plano„altimetric extension.

5 CONCLUSIONS

The Via Traiana Project will represent a good prac-
tice of the use of Information and Communication 
Technologies (ICT) applied to a large scale terri-
tory and aimed to perceive specific objectives as 
to protect and valorize cultural heritage; promote 
territory as a good, with tourism potential, able 
to create a solid development and to tackle social 
desertification and depopulation.

ICT will give the necessary provision of serv-
ices and virtual facilities that should be extremely 
expensive and impacting in context left almost 
completely free by urban sprawl that has charac-
terized coastal areas. In fact if  in a •denseŽ urban 
situation it is possible to give information using 
traditional means, in an almost natural area it 
would be necessary install structures.

At the same time availability of facilities will 
bring in these areas visitors that will give an eco-
nomic income to residents adequate to stay and to 
make these territories live.

Long term goal is the constitution of a territo-
rial park, where via Appia and via Traiana„possi-
bly written in UNESCO WHL„will represent the 
structure of a net, cultural emergencies will be the 
nodes and all connections will be virtual, thanks to 
a massive use of ICT.

This scheme will be overlaid on •everyday lifeŽ 
of territory users and conflicts drastically reduced 
in favor of positive relationships able to help eco-
nomic and social development.
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ABSTRACT: Calabria is a territory which has long been marginal and where settlements have, since the 
middle ages, been greatly marked by simple and essential characteristics of the rural world with strong 
popular identity. These characteristics have, with respect for customs and the sharing of common, tradi-
tional points of reference, conditioned practically everything produced. If, though, up until the 1950•s, the 
region continued to express its own identity traits, successive years have seen important •innovationsŽ, in 
favour of false models of production, that have undermined territorial equilibrium and encouraged other 
forms of architecture which are highly sensitive to structural change. However, there is no shortage of 
significant examples of unspoilt countryside. Among the inland hilly realities the Multimedial Museum 
of the Calabrian Serre, at Monterosso, a permanent cultural centre for experimentation and heritage 
education, is an example of conservation of something urban-architectonically unusual, bringing recently 
abandoned, spaces back to life.

and villages, for centuries subject to reconstruction 
and continuous readaptation because of devastat-
ing earthquakes and flooding, are still characterised 
by a combination of different types of settlements, 
which form suggestive aggregations, scattered 
at the top of shaggy hills, along steep inclines 
(Figs. 1-2-3), on uplands and hilly offshoots close 
to the sea. All of this has been determined by long 
practiced planning regulations, systems of rules 
and customs, and constituted by dimensions, rela-
tionships between houses, knowledge of the use 
of materials orally transmitted from generation to 
generation and, on each occasion, adapted to the 
stimuli and the new needs of the communities.

Apart from classical archaeology, of which few, 
albeit significant, traces remain, the majority of 
the cases involve medieval buildings, essentially 
founded upon the functionality of the construc-
tion, within an often •erraticŽ territory.

Among the different ways of building and 
organising these settlements, an important role is 
played by the curvilinear road systems, of Byzan-
tine and Northern-European origin, that can be 
found inland and along the northern and western 
slopes. In their initial forms, they are not just a pas-
sive adaptation to the natural landscape, but, also, 
the expression of a wish not to impose artificial 
signs, repeatedly used to solve the urban problems 
of defence and transport.

The structural organisation has almost always 
developed around a military or religious fulcrum, 
protective both from a symbolic and practical point 
of view, placed in a central position; in the past it 
was the point of urban origin and attraction, with 

Calabria, the southernmost region of the Italian 
peninsula, has historically had only three political-
administrative, but at the same time, economic and 
cultural centres of reference: Cosenza, Catanzaro 
and Reggio. These, although small in terms of 
urban development, have distinguished themselves 
largely for historical and geographical reasons, but 
also for being the main point of reference for ter-
ritories made up of dozens of settlements, whose 
consistency varied and varies enormously.

These cities host treasures of historical-artistic 
value which have often been recognised and in 
some way protected. At the same time, though, a 
strong popular identity exists, particularly in the 
small villages, which has been neglected. Only fol-
lowing the widening of the concept of cultural her-
itage and a city or territory•s •richnessŽ beyond the 
simple set of monuments, buildings and artifacts 
collected in one place over the centuries, was a step 
forward made towards the elaboration of a con-
cept of heritage as a mark of a collective historical 
identity, as well as towards a consideration of how 
it should be preserved.

It is, in any case, necessary to collect the many 
facets of a territory which has long been marginal 
and where„due to factors such as distance from 
centres of power, physical-territorial disaggrega-
tion and, for many years, the monarchic-feudal 
regime„settlements have, since the middle ages, 
been greatly marked by simple and essential char-
acteristics of the rural world. These characteristics 
have, with respect for customs and the sharing of 
common, traditional points of reference, condi-
tioned practically everything produced. The towns 
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which had a certain, both direct and marginal, 
influence during the brief  presence of these peo-
ple, and which, indirectly, still transmits, as it has 
done since the turn of  first millennium, some still 
visible forms of organisation of  the cultural land-
scape. Even though no forms of solemn architec-
ture have been left, all of  this has anyway allowed 
the heritage of common Arabism and toponymy 
to reach the present day in the form of diverse 
significant traces which can be observed, here just 
as in other parts of  the region, mainly in some 
modes of urban aggregation. These modes refer 
to habits peculiar to small groups united by a 
common ethnic origin, or familiar or work rela-
tionships, in some cases characterised by compact 
conglomerates and irregular, blind alleys, covered 
streets (Fig. 4), street arches, bayonet paths, sharp 
changes of direction, sudden widenings, indent-
ment of  buildings giving on to the roads, rounded 
corners, unifying external stairs and frequent 
angulation (Fig. 5).

Differentiated forms of settlement can also be 
found: in those more recently built or restored cen-
tres dating from the fourteenth and fifteenth centu-
ries, which exhibit more regular urban areas; those 
cities rebuilt after the earthquake in 1783 accord-
ing to illuminist criteria, like Filadelfia, Borgia and 
Cortale, with grid patterns, central squares and 
wide streets converging upon an imposing archi-
tectural element, for instance a church; the seafront 

Figure 1. The town of Buonvicino (R. Chimirri).

Figure 2. The town of Santa Severina (R. Chimirri).

Figure 3. Houses in Cleto (R. Chimirri).

Figure 4. Covered streets in Sangineto (R. Chimirri).

Figure 5. The old town of Scalea (R. Chimirri).

closely linked settlements which follow the shape 
of the land, differentiating themselves as a con-
sequence of the different morphology, but clearly 
showing similar urbanising rationale. The blocks of 
houses, placed on often very steep terracing, were 
usually built on the more easy to build upon and 
better exposed spaces, even though this wasn•t an 
absolute rule. The course of pathways is closely 
linked to the arrangement of the buildings; their 
frequent curvilinearity does not implicate tortuous 
and different structures. Numerous parts follow the 
orography of the land horizontally, others serve as 
connections between the various levels, some are 
sloped to permit the passage of wheeled transport, 
and others have terraced steps for pedestrian use.

A part of  this highly variable territory clings to 
a rather innovative component of  Islamic culture, 
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areas of the numerous towns on the Ionian coast, 
developed with the building of the railway at the 
end of the nineteenth century along orthogonal 
roads around the respective stations, and the recent 
disordered residential and road conglomerations, 
which nowadays observe the same standard crite-
ria which are the concurrent cause of the depopu-
lation and desertion of the oldest centres.

The historical architecture reveals roots in a rural 
world, showed in the traditional typological forms 
which are exclusively the consequence of adapta-
tion to needs and essentials. Houses are people-
orientated, with few distinguishing architectural 
elements, giving a decisively homogeneous aspect 
to the urban ensemble. There are numerous build-
ings with the entrances on different levels because 
of the steepness of the settlements, often modeled 
as terraces. The composition of buildings with 
external stairs, such as those found in Ionian towns, 
is complex with variable formal solutions which 
create a dimensional diversity and break up the 
uniformity of the street scenes as a consequence of 
the vertical expansion of the original houses. There 
are very few differences with the country models, 
which generally recall urban cultural models, both 
in the case of hamlets, principally made up of sta-
ble residences, and of scattered houses which, on 
the other hand, served mainly temporarily.

Other typological forms, integrated with this 
wide spread architecture, assume great relevance 
as they are characteristic in their the use of mate-
rials, building techniques and other traditional 
devices. This is confirmed, with some exceptions, 
by the old, continuous influence of the popular 
on cultured architecture. An important role is 
played by religious buildings, of both the regular 
and the secular clergy. These structures are equally 
the product of Basilian, Byzantine and Norman 
stylistic-cultural fashions, together with some Late 
Gothic and Moorish ornamental elaborations, 
Renaissance forms from Naples and, even more 
markedly, the new Baroque style. Good examples 
are these are to be found in the numerous parochial 
churches, some transformed after the earthquake 
of 1783 according to the new neoclassical trends, 
with the pictorial decorations of the interior and 
sculptures; the less conspicuous but nonetheless 
significant heritage, both in urban and rural con-
texts, of little popular churches, with rectangular 
or square halls and, sometimes, an apse.

Amongst the structures with a role of attraction 
and urban genesis, this being a territory character-
ized by a long history of invasions and enslavement, 
defensive works, often modified over the centuries, 
have had a considerable role. With regards other 
works of fortification, besides some coastal watch 
towers from the sixteenth century. Elegant houses 
and palaces built, mainly on Neapolitan Baroque 

models to which neoclassical forms were later 
added, to show and celebrate the power of the 
inhabitants, are also to be found. Completing the 
architectural picture is the industrial archaeology, 
including structures developed for the milling of 
cereals and wheat (mills), milling of olives (olive-
presses) and treading of grapes (millstones), as 
well as the Borbonic Ferrire complex in Mongiana. 
The use of building material like mixed stones and 
lime is rather similar throughout the whole terri-
tory. Mud, together with various stones and reeds 
or shrubs, is used as a binder in rural areas as well 
as for crude bricks, particularly in the valley of the 
Mesima (Fig. 6), in the promontory of the Poro 
and in the valley of the Crati. Masonry is used for 
arches, vaults, roofing and flooring, while granite, 
for which an important stonemason school existed 
in Serra S. Bruno, Fuscaldo, Altilia, S. Giovanni 
in Fiore, Rogliano is used for portals, thresholds, 
and flanges for balconies. Iron is used to forge rail-
ings and shelf  holders, wood is for fittings, lintels, 
floors and roofing. A symbolic universe, where it 
is necessary to appease the spirits and ask for pro-
tection (Fig. 7), is also relevant as is the concept 
of a cultural appropriation of space: a dimension 
in which expressive forms, such as precautionary 
rituals, apotropaic objects, processions, festivals, 
ceremonies to bless the harvest, the construction 
of sacred aedicule, crosses, chapels, calvaries, the 
naming of the territory and pilgrimages, etc, which 
define existential, cultural and not geometric, 
space, appear deeply rooted in local traditions and 
clearly express popular characteristics, condition-
ing the architecture both at a general urban level 
and in terms of the individual dwelling.

If, though, up until after the Second World War, 
the region continued to express its own identity 
traits, successive years have seen important •inno-
vationsŽ. These have not always been consistent 
with maintenance of this historical patrimony as 
they have involved rapid transformations, in favour 
of false models of production, that have under-
mined territorial equilibrium and encouraged 

Figure 6. Old antiseismic adobe house in Acquaro 
(R. Chimirri).
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other forms of architecture which are highly sensi-
tive to structural change.

Now that the era of a country side populated by 
actors, increasingly substituted by spectators, has 
come to an end, the villages and rural areas appear 
to be most-modern spaces where highly diversified 
elements meet and coexist. Traditional activity has 
been eroded and remittance-based subsistence has 
disappeared; the village space has changed along 
with the relationships and ties which its inhabit-
ants established over time.

Since the beginning of the seventies the mari-
time areas have been subjected to a severe prop-
erty division and speculative building of both hotel 
facilities and residential houses near the seafront 
which has also been prejudicial regarding the deli-
cate hydrogeological situations. The construction 
of new road networks and uncontrolled expansion 
of inland village suburbs, where there are often no 
churches, cemeteries, squares or places of aggrega-
tion, but only unfinished houses, the ideas to which 
come from other geographic-cultural realities. This 
has led to a progressive abandoning (Fig. 8) of the 
more traditional residential areas, as they have been 
partly altered by the new interventions, and con-
sequently the relations between people and places 
have been transformed, causing communities to 
disintegrate and historical architecture to be aban-
doned. Aspects from housing and the microhabi-
tat„areas of interaction and outdoor amusement, 
such as the small squares and spaces in front of the 
houses which were used by the families living in 
the neighbourhood„to the commercial, craft and 
service use have all declined.

This has caused complex relations to develop 
between the original village and its new parallel, 
made up of references, separations, conflicts, and 
new traditions of village life. Therefore, the image 
of the village-crib as a happy and neat unitary 
organism in which history, tradition, authentic rela-
tionships between people were rendered concrete is 
a distant memory. The manner of interpreting the 
countryside, once linked to particular agricultural 

activities or works of vigilance, through produc-
tive systems which lived, named and expressed 
the strain and pleasure of life has all changed. An 
exception can be found in some rural areas, some 
quarters of the more inland settlements whose for-
mal structure still contains the essential logic of the 
inhabitants• identity.

However, there is no shortage of significant exam-
ples of unspoilt countryside. This is, primarily due to 
irregular and diversified morphology of these places, 
together with the particularly marked depopulation 
which has •frozenŽ certain areas. What has changed 
is the way people perceive their settlements: the 
organisation of places, embodying historical and 
cultural processes, as areas of expression for a com-
munity which interpreted, built and managed its own 
environment according to precise cultural models, 
with regards to the organisation of space, definition 
of property and use of resources, as well as existen-
tial, social, symbolic and ecological values.

Anyway, even though still changeable, discontin-
uous and not very concrete, a certain ferment which 
is of relevance for the communities involved can be 
noted. Hopefully, these communities will reclaim 
their central role and discover their genius loci.

In such a reality, cultural heritage which has been 
handed down becomes determinate in the building 
of a better collective future, something that, can 
be carried out with the help of the museum•s eas-
ing and permitting the past to be studied within 
an examination of the present situation which is 
aimed concretely towards future prospective.

When correctly planned, a museum can be regen-
erative for those villages in difficulty because aban-
doned or depopulated; it can become not only an 
element of urban attraction and revitalization„it 
is enough to think about the return of children 
happily playing in the squares„but also an exam-
ple of participation. This can occur if, overcoming 
the traditional function of collector and curator, 
of static storeroom for handicrafts, it becomes 
both a democratic cultural centre for the common 
people, which communicates with its users and, 

Figure 7. Cross for protection in Papasidero 
(R. Chimirri).

Figure 8. Cement and abandon in Rogudi 
(R. Chimirri).
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in interacting with them, transforms itself, and a 
dynamic, didactic centre and laboratory, using new 
multimedial and computer configurations, which 
is open to the people and not just the summary of 
an individual•s professional capacity.

The relationship the museum has with the area 
to which it geographically and culturally belongs 
has to be very close, not least because of the 
importance that it may have regarding environ-
mental protection.

It is from this perspective that the museum 
will also re-evaluate the different traditional local 
forms of architecture, something in which Calab-
ria is rich. This can be done both directly, turning 
them, even when found outside an urban context, 
into places of instruction regarding such topics as 
industrial archaeology„the museum outside the 
museum„and indirectly, by easing and promoting 
recovery of other architectonic and urban treas-
ures. Rather than leaving them abandoned and in 
a state of total degradation, these treasures can be 
exploited, possibly with private involvement, for 
the development of new productive activities and 
services, particularly in the field of tourism. This 
form of cultural planning would also be adapted to 
countryside-territorial planning which is more in 
tune with the space in the region than the same old 
banality and uncontrolled town-planning which is 
spreading cement and asphalt everywhere.

All of this is based on the consideration that 
a historical place is not necessarily untouchable 
simply because it is historical. It already bares, in 
fact, the signs of man•s passing and therefore can 
be transformed where necessary, just so long as its 
identity is not ruined.

In any case, the rapport between the container 
and its contents becomes important, just as does that 
between institution, settlement and inhabitants. This 
rapport works through the formula of the ecomu-
seum which expresses the complicated relationships 
between man and the cultural, economic, social and 
geographical aspects of environment and the direct 
participation of the local community which recog-
nises and recounts its natural and cultural heritage. 
This recognition and recounting draws the commu-
nity not just towards appreciation and conservation 
of what they have, in line with the traditional ideas 
of cultural organisms, but, above all, to an under-
standing of their heritage as a new resource which, 
through their recognising their own internalised 
facts and selves, connects memory and innovation 
and renders their villages more pleasant.

In this way, the places involved increasingly 
become places of identity and encounter, even 
when the population is new, a crucial point for 
processes of growth and progress, and a place of 
learning for everyone, while giving the people an 
idea of the dimensions of their acquired culture.

It is from this reality that the La Filanda. Multi-
medial Museum of the Calabrian Serre in Monter-
osso (Fig. 9) emerged. The Serre are a geographically 
united area lying between the isthmus of Marcel-
linara to the North, the Limina pass to the South 
the valley of the Mesima and a stretch of the Tyr-
rhenian coast to the West and a long stretch of the 
Ionian coast to the East, encompassing 82 munici-
palities in the provinces of Catanzaro, Reggio and 
Vibo Valentia as well as the Serre Calabresi Regional 
Park. The museum reads and documents the natural 
and cultural panorama of a wide area of the region 
with a minimum common identity denominator, 
presenting itself as a relevant positive step forward 
in the reappropriation of certain •beautiesŽ. This 
process takes place not in the sense of mummifying 
the places by putting them into a container, but by 
helping them to be better understood, appreciated 
and related to by local people, making use of the 
new computer, multimedial technology that is revo-
lutionizing communication today. Given the fact 
that, on one hand, the museum has to conserve and, 
on the other, it has to show and tell, these functions 
are carried out both in relationship to the museum 
typology and with reference to the historical con-
text, presenting communicative modes and forms 
which are consistent with the age with all of the 
consequences that this entails.

Therefore, the programme, completely tied as 
it is to the changing society which produced it-
which explains its difference from museums as they 
are traditionally understood-, involves an extensive 
recovery of a complex known as the Capana, where 
the structure is housed (Fig. 10). This takes place 
both from the point of view of the conservation 
of something urban-architectonically unusual and 
of bringing recently abandoned, open and closed, 
spaces back to life, of a part of the primitive resi-
dential network of town. The central nucleus to 
this complex is a greatly suggestive, historical edi-
fice which rebuilt after the 1783 earthquake and 
functioned as a spinning„mill up to the start of 
the 20th century, to be then used as an olive oil 
press.

Figure 9. The town of Monterosso (R. Chimirri).
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The lay-out, with respect to the internal distri-
bution, is organized, with all the technical compu-
ter up-dates of modern museography (including 
projections of moving and fixed images, with and 
without sound, assisted by hypertextual structures 
and interactive touchscreen consultation systems), 
into four large halls presenting: geography, flora 
and fauna, nature trails; the territory, urban areas, 
architecture; the society, work, food; outline of 
dialect, traditional music, the cult of saints, festi-
vals and ritual (Figs. 11 and 12).

In other words, we are dealing, it is hoped, with 
what is, from various points of view, a new genera-
tion of laboratory; a permanent cultural centre for 
experimentation, capable of organising, creating 
and orientating the memory of a land which often 
appears to be forgetful and adopts the term •tradi-
tionŽ rhetorically and with a sense of antiquity. It is 
also a system which is aimed at promoting research, 
questioning places and elaborating projects relating 
to topics proposed, particularly by young people.

The system should create positive forms of rep-
resentation, producing new work, new econom-
ics, new development, parallel to hospitality for 
tourists/visitors, and a new population. Itineraries 
aimed at the rediscovery of historical pathways 

and natural-cultural beauties will be put in place. 
It is hoped that hospitality and environmental edu-
cation will be developed and scientific studies will 
be encouraged. Attention will be given to making 
easier the inclusion of regulations and methods of 
intervention that help protect and exploit the pat-
rimony in the Urban Instruments.
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ABSTRACT: This paper presents VerSus project•s operative approach and final outcomes. VerSus 
research method was based on the identification of strategies and principles within vernacular heritage, in 
order to define a conceptual approach for sustainable architectural design. Based on the review of litera-
ture and the analysis and interpretation of case studies from vernacular and contemporary architecture, 
data was collected and a research method was developed to provide operative knowledge that could be 
integrated on design studio processes, in order to improve the sustainability of contemporary architec-
ture, at environmental, social and economical levels. This paper will present VerSus project final results, 
based on the scientific research and dissemination activities.

2 RESEARCH METHODOLOGY

The research project was structured based on sci-
entific and dissemination activities.

The scientific research addressed first the identifi-
cation and collection of a vast bibliography, the revi-
sion of the literature, the preliminary data collection, 
and the interpretation and comparative analysis of 
the collected data. This contributed to the definition 
of the state of the art and of the operative research 
approach. Following, it was established criteria for 
case studies selection, and the definition of proce-
dures of work. Field missions in Portugal, Spain, 
France and Italy, as well as their islands, were also 
addressed, in order to evaluate in situ the conditions 
of the selected vernacular case studies and of the 
contemporary examples with integrated vernacu-
lar heritage principles. An operative approach was 
achieved resulting from the research methodology.

3 LITERATURE REVIEW

A preliminary literature review was concentrated 
on vernacular architecture, followed by sustain-
able development and the literature crossing both 

1 INTRODUCTION

The project•s main aim is to gain knowledge from 
the fundamental lessons and principles of  the 
vernacular architecture, and to explore new ways 
to apply those principles into modern sustainable 
architecture. The research was developed on the 
framework of  VerSus: Lessons from Vernacular 
Heritage for Sustainable Architecture, a European 
research project developed by ESG/Escola Supe-
rior Gallaecia, Portugal, as Project leader; with 
the partnership of  UPV/Universitat Politènica 
de València, Spain; UNICA/Università degli 
Studi di Cagliari, Italy; UNIFI/Università degli 
Studi di Firenze, Italy; and CRAterre-ENSAG/
International Centre for Earthen Architec-
ture at Grenoble National Higher Educational 
School of  Architecture, France. The project also 
received the support of  the Chair UNESCO-
Earthen Architecture, Building Cultures & Sus-
tainable Development, ICOMOS-ISCEAH and 
ICOMOS-CIAV.

This paper addresses the aims of the project, 
presents the research operative approach, and 
introduces the outcomes of VerSus project.
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fields. This contributed for an outline approach on 
how to address the overall data collection, in order 
to have a consistent research process, in what con-
cerns the revision of the literature.

Regarding vernacular architecture literature, a 
great number of descriptive inventories were identi-
fied, in which, the sustainable features were related 
mostly to cultural values and ethnographic aspects. 
Following, international journals, conference pro-
ceedings and specific publications were revised to 
identify trends and patterns of approach. As a result, 
it was noticed that in recent years, there was a ris-
ing of publications addressing a reinterpretation of 
the contribution of vernacular heritage to the future 
(Asquith & Vellinga, 2006) (Frey & Bouchain, 2010).

Relevant knowledge based on the bioclimatic 
and passive solutions had also captured the inter-
est of the vernacular architecture experts. The bio-
climatic area emerged and had its best application 
on the trinomial: environment„energy„economy 
(Correia et al., 2013a).

It was also perceived that the literature published 
since 2005 revealed a tendency indicating a direct 
connection between vernacular architecture and 
sustainable architecture. This evolved from the con-
frontation of building performances to the studies 
on how to apply traditional solutions in contempo-
rary architecture (Sánchez-Montañés 2007).

The entry of bibliography regarding vernacu-
lar and design strategies constituted, in theory, a 
parallel to the VerSus project objectives. It was not 
surprising to observe that it was amongst this issue 
that were found the fundamental references, to 
launch the conceptual draft for the methodological 
proposal (Correia et al., 2013a).

4 THE PROCESS OF METHODOLOGICAL 
AND OPERATIVE APPROACH

Through literature review, it was possible to deter-
mine and to clarify the state of the art. The lack 
of articulation of different scientific areas on the 
subject, and the evolution of the sustainable con-
cept itself  (Correia, 2009), constituted the critical 
difficulty in the groundwork of the operative meth-
odological proposal.

To have a conceptual definition to advance on 
each area was a fundamental criterion to address a 
consistent and rigorous operative approach. When 
crossing the information with the partner•s experi-
ences, and with the identified revision of the litera-
ture regarding the subject, it was decided to create 
a three-component structure that concerned envi-
ronment, society and economy. This selection was 
based on the overview of the main existing evalu-
ation systems for building sustainability (Hegger 
et al. 2007). Thus, the identified scopes were:

… Environment: It concerned the capacity of the 
human intervention on decreasing and avoid-
ing building•s adverse environmental impacts, 
reacting to every change in the environment, 
considered as the set of conditions, in which life 
is possible, and regarding the whole biological 
quality (Neila, 2004). It is widely interconnected 
with the economy scope specially attaining the 
aspects regarding energy consumption and 
building life cycles.

… Society: This scope related with relations, sense 
of belonging, identity, personal and community 
development. This scope gathered all the social 
and cultural positive impacts observable on the 
vernacular solutions (Oliver 2006). The emerged 
findings were more related to the processes than 
to the physic reality itself.

… Economy: It constituted the most quantitative 
scope of the sustainable sphere, conventionally 
adopting financial monetary values as basic 
indicators. Due to the vernacular conceptual 
implications, the idea of cost was adapted to the 
concept of effort, which was more suitable, when 
applied to circumstances with no capital system 
implemented (Zupan� i�  2009). I concern the 
construction process, the building performance, 
the building maintenance, the building impact, 
and also the contribution to the improvement of 
local living conditions (Correia et al. 2013a).

Therefore, the methodology for the identifica-
tion and analysis of the vernacular heritage was 
established, based on three main levels of concep-
tion: environment, society and economy. General 
objectives and needs related to each sustainable 
scope were established, as well as principles and 
strategies learnt from vernacular heritage for the 
design of a more sustainable architecture.

The established methodological proposal was 
understood as a conceptual framework, to be 
adapted and tested according to different geo-
graphical and cultural contexts.

This provided an operational knowledge to inte-
grated in the contemporary architectural design 
process. The research project clearly approached 
the concept of sustainability from a transversal, 
holistic and multidisciplinary perspective (Correia 
et al., 2013a).

5 RESULTS OF THE RESEARCH

The project achieved several outcomes, among 
which:

1. Two international conferences;
2. Two high standards publications regarding 

the conference proceedings, to improve critical 
knowledge;
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3. Scientific workshops to validate the progressive 
advance of the results;

4. VerSus booklet for free download on the Inter-
net; 5) VerSus broad publication with the over-
all achievements;

5. A student competition to disseminate knowl-
edge among European students;

6. A travel exposition;
7. A website to contribute for the awareness of 

VerSus principles, method of work and dissemi-
nation of the approach.

Other scientific dissemination indicators were 
the publication of papers regarding VerSus project 
in interdisciplinary international conferences and 
the presentation of several lectures and seminars 
on the field.

5.1 Two international conferences & two peer-
review international proceedings

In October 2013, Escola Superior Gallaecia and 
ICOMOS-CIAV, International Scientific Com-
mittee for Vernacular Architecture jointly organ-
ized in Vila Nova de Cerveira, north of Portugal, 
the International Conference Vernacular Heritage 
and Earthen Architecture CIAV2013 | 7ºATP | Ver-
Sus2013 (www.esg.pt/ciav2013). The international 
event included the conference VerSus, which was 
developed within the framework of the project. The 
blind peer-review conference proceedings •Vernac-
ular Heritage and Earthen Architecture: Contribu-
tions for Sustainable Development• was published 
by CRC/Taylor and Francis Group (Correia et al. 
2013b). The publication gathered 140 papers con-
stituting 281 authors coming from 50 countries 
from Africa, America, Asia, Europe and Oceania.

CIAV2013 conference presented preliminary 
results of the European Research Project, espe-
cially in areas with so relevant contribution to 
knowledge as cultural heritage & building cultures; 
materials & constructive techniques; territory & 

environmental adaptation; energy efficiency & sus-
tainable design; natural hazards & risk mitigation; 
education and new research focus. The overall con-
ference and publication contributed to the reflexion 
regarding which future for vernacular architecture 
in today•s world of rapid global changing.

In September 2014, Universitat Politècnica de 
València, Instituto de Restauración del Patrimo-
nio and Escola Superior Gallaecia, organized in 
Valencia, Spain, the International Conference on 
Vernacular Heritage, Sustainability and Earthen 
Architecture VerSus2014 | 2º MEDITERRA | 2º 
ResTAPIA. The international event received more 
than 430 proposals for contributions from experts 
coming from the 5 continents, which provides a 
glance of the importance and pertinence of VerSus 
2014 conference and research project.

The peer-review proceedings had also a relevant 
contribution to VerSus framework, through an 
extended study of sustainability in architecture; ver-
nacular architecture and sustainability; lessons from 
vernacular heritage for sustainable contemporary 
architecture. The 2nd MEDITERRA conference 
was also associated to the main event through the 
Mediterranean earthen architecture theme; and the 
2nd ResTapia was associated too, through rammed 
earth architecture and conservation theme.

5.2 Scientific workshops

During the development of the project, several 
scientific workshops were planned to improve, 
the concept and the way VerSus methodological 
approach could improve.

The process was confirmed progressively 
through the scientific workshops organised during 
the partner•s plenary meetings. These workshops 
were directed to post-graduate students and con-
tributed to validate and accurately improve the 
operative research method.

5.3 International student competition

Another relevant contribution for scientific dis-
semination of the project was the creation of 

Figure 1. International Conference CIAV 2013 | 7º ATP 
| VerSus, held in Vila Nova de Cerveira, Portugal, Octo-
ber 2013 (CI-ESG).

Figure 2. Fourth Scientific Workshop, in Grenoble, 
France, during the 4th partner•s meeting (Maddalena 
Achenza).
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VerSus International Student Competition. The 
competition contributed for the improvement of 
academic knowledge regarding the lessons that 
students can learn from vernacular heritage from 
sustainable architecture.

Within this framework, university students, 
recent graduates and teams from both target groups 
were invited to compete in a design competition. 
Participants had to propose socially, economically 
and environmentally building solutions, consider-
ing the inspiration from vernacular heritage. More 
information at: www.esg.pt/versus/competition.

5.4 VerSus booklet

The booklet was elaborated with the principal aim 
of disseminating principles, strategies and solu-
tions of the vernacular architecture heritage in 
Europe in a visual way. The analysis of vernacular 
and contemporary case studies from France, Italy, 
Portugal and Spain, and their islands, brought the 
attention to very interesting findings. The booklet 
emerged as a result of the established activities and 
fieldwork, developed throughout the project.

Lessons from vernacular case studies were set 
out to address sustainable principles, and strate-
gies. The method established on the framework of 
VerSus project was also illustrated throughout a 
collection of images of vernacular heritage from 
the four southern European countries. This col-
lection reflected the endless variety of vernacular 
heritage, as a valuable inspiration to design a sus-
tainable contemporary architecture in a large vari-
ety of contexts.

The booklet also presented a selection of con-
temporary projects from each partner•s country, 
analysed in the light of the lessons from vernac-
ular heritage. These projects were addressed as 
references of sustainable contemporary architec-
ture. The proposed method filters these projects 
through the three areas of sustainability and their 
fifteen principles.

5.5 Scientific publication

The final scientific publication was dedicated to 
the outcomes of the two years of research.

The aims of the project are discussed and 
responded considering the main dimensions of 
sustainability related to vernacular architecture; 
the relation between contemporary architec-
ture and vernacular heritage; and the relation 
between climate change, resilience and vernacular 
architecture.

The outcomes were systematically and consist-
ently combined to create a relevant overview of the 
Vernacular heritage contribution to sustainable 
architecture.

6 CONCLUSIONS

This paper addressed the evolution of VerSus 
research, presenting the base of the conceptual 
framework of the project and the different out-
comes achieved.

VerSus research aims promoted the value of the 
vernacular heritage in a wider perspective, beyond 
conventional quantitative parameters, specially 
enhancing the perspectives of transversal sustain-
able commitment.

Graduate students and teachers across Euro-
pean universities continued to include lessons 
learnt from VerSus project on their projects and 
classes. Furthermore, students that attended the 
scientific workshops are developing dissertations 
and final projects in the field area, which entails 
that future architects are learning sustainable les-
sons by observing our past to envisage a balanced 
future.

VerSus project had its principal aim reached.

NOTE

This work has been funded with the support from 
the European Commission, in the framework of 
the Culture Programme, grant project nº 2012…
2792/001…001 CU7 COOP7 (2012…2014): •VerSus: 
Lessons from Vernacular Heritage to Sustainable 
ArchitectureŽ.
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Vernacular seismic culture in Portugal: On-going research
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ABSTRACT: This paper addresses the current situation of the Research Project •SEISMIC-V: Vernacular 
Seismic Culture in PortugalŽ coordinated by ESG/ Escola Superior Gallaecia. The undergoing study intends 
to identify seismic resistant strategies and elements applied on Portuguese vernacular heritage. It will also 
establish whether •Local Seismic Culture• can or cannot be consistently identified in Portugal. The project is 
structured under five progressive stages corresponding to the main scientific activities: 1) Definition of the 
areas of study, according to the seismic hazard, supported by the survey missions and preliminary analysis; 
2) Experimental characterization, to study the materials and their application through benchmarking in 
paradigmatic cases; 3) Numerical modelling and parametric studies; 4) Identification and description of the 
most efficient seismic resistant strengthening solutions, as well as the most frequent faults. 5) Finally, the 
Project will systematise the information collected and produced, featuring the analysed solutions.

4. Identification and description of the most effi-
cient seismic resistant strengthening solutions, 
as well as the most frequent faults;

5. Systematisation of the collected and produced 
data, regarding the analysed solutions.

This paper addresses the progress concerning 
the identification of the study areas, the selection 
of the specific case studies and the first analysis 
results. The study areas were designated accord-
ing to their history of seismic activity. The case 
studies were chosen when considering the seismic 
resistance applied elements, the existent typologi-
cal characteristics, the vernacular morphology and 
the current preservation of these strategies.

The coordinated team established that the regu-
lar use of at least three or more techniques defined 
a building with a seismic resistant strategy. If  in 
an region, there were more than three buildings 
with seismic resistant strategies, than •Local Seis-
mic Culture• was consistently recognised in the 
region.

This phase of the research also exposed the 
diversity of approaches and solutions, considering 
the most frequent and important seismic occur-
rences and the location of the buildings. Thus, the 
selected settlements emerged as objects of analysis 
to the reaction of earthquakes, which can be pre-
ventive and/or reactive. The identification of the 
regions and case studies will contribute to the pro-
duction of an Atlas of the Local Seismic Culture 
in Portugal, which is one of the outcomes of the 
research.

1 INTRODUCTION

This paper presents the current situation of  the 
Research Project •SEISMIC-V: Vernacular Seis-
mic Culture in Portugal•. A project funded by 
FCT (Fundação da Ciência e Tecnologia), the 
Portuguese National Agency for R&D, (Project 
nºPTDC/ATP-AQI/3934/2012). Escola Superior 
Gallaecia coordinates the research project, with 
the partnership of  the Engineering Departments 
of  the University of  Aveiro and the University of 
Minho, and with the support of  the Portuguese 
Ministry of  Culture.

The main research aims are to identify if  there 
is a •Local Seismic Culture• in Portugal that can be 
consistently identified. Also to recognise and iden-
tify seismic resistant features and strategies applied 
to Portuguese Vernacular Heritage.

2 PHASES OF RESEARCH

The research project is divided into five progressive 
stages corresponding to the main scientific activi-
ties. The stages of the project consist of:

1. Definition of the areas of study, according to 
the seismic hazard, supported by the survey 
missions and preliminary analysis;

2. Experimental characterisation, to study the 
materials and their application through bench-
marking in paradigmatic cases;

3. Numerical modelling and parametric studies;
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3 RESEARCH METHODOLOGY

The research methodology addressing the first 
phase of the research project aims to:

1. Identify data source based on factual entries, 
such as, the selection of the earthquake sample 
related with: date of the earthquake; location 
impact; the evaluation of damage.

2. Collect data from reliable sources archives, such 
as, the National Geographic Institute, the Mili-
tary database, the National Library and LNEC. 
It is also important to collect data from local 
Municipalities, Libraries and the Order of the 
Architects archives and library (to define local 
characteristics of damaged structures)„as 
experiences of frequent earthquakes might not 
be reported by national agencies.

3. Address the literature review of historical and 
local data, with the following criteria: a time limit 
framework, following the  1755 earthquake, as 
vernacular architecture would have a time spam 
related to its renovation and maintenance.

4. Define preliminary regions to study and prepare 
local missions.

5. Address the field missions and collect local data, 
through techniques as: assessment forms; build-
ing•s observation; drawing survey; interviews; 
local literature, etc.

6. Analyse qualitative and quantitative data, con-
sidering the crossing of data between the study 
of the seismic resistant architectural features 
and strategies applied the revision of the litera-
ture and the analysed archives data.

7. To consider further missions to address new 
collected data of regions not preliminarily 
contemplated.

8. To analyse the overall data and to correlate the 
findings with the literature review to produce 
preliminary findings.

9. To systematise all the produced data, through the 
creation of an atlas of local seismic culture in Por-
tugal„a visual tool for knowledge dissemination. 
Analysis will be supported by specific software, 
as geographic information system (GIS). The 
application will allow the geographical visualisa-
tion of the origin of the information, and also the 
descriptive statistics analyses of all the data.

4 LITERATURE REVIEW

Portugal is considered a moderate-risk country 
relative to its vulnerability to earthquakes. The fact 
remains that it is susceptible to earthquake occur-
rence and to kill persons through the destruction of 
the in-use vernacular architecture. The research of 
vernacular Seismic Culture in Portugal is therefore 

pertinent, so as to save lives through risk preven-
tion mitigation (Correia et al., 2013).

The preventive or reactive seismic retrofitting 
was, for a long time focused on monumental her-
itage and very little on vernacular architecture. In 
the last years, there has been an emergent interest 
in seismic resistant design and solutions. The ver-
nacular in-use architecture needs more research on 
retrofitting solutions for housing. This has been 
addressed on several projects and publications 
(Vargas Neumann, 1983) (Garnier et al. 2011). 
However, it is still missing a focus by the scientific 
and academic community, on the identification of 
seismic features applied historically on vernacular 
architecture. Ferruccio Ferrigni from the Centro 
Universitario Europeo per I Beni Culturali, located 
in Ravello, Italy created the European Taversism 
Project. The team recognised the existence of a 
•Local Seismic Culture• (Ferrigni, 1990), consisting 
on the application of architectural elements with 
technical knowledge and comprehensible behaviour, 
following an efficient ensemble to reduce the impact 
of earthquakes. On the Taversism project, Portugal 
was chosen as a case study, due to its earthquake 
history. A Preliminary Report of the Local Seismic 
Culture in Portugal was produced by the selected 
research team (Correia & Merten, 2001) (Correia, 
2005), which was later integrated in the European 
Publication of the Taversism Project.

Nevertheless, a thorough research on the identi-
fication of seismic resistant features in Portuguese 
vernacular architecture and the methodological 
tracing of a Portuguese Local Seismic Culture still 
needs to be addressed (Correia et al., 2013). The 
literature review on seismic resistant Portuguese 
architecture reveals that most of the studies have 
been focused either in the seismic resistant Pombal-
ino construction (Lopes dos Santos, 1994), either in 
architectural heritage GECoRPA (2000) or urban 
housing (LNEC, 1982), but very little related to 
local seismic culture (Correia & Merten, 2001).

5 SEISMIC ACTIVITY IN PORTUGAL

5.1 Continental Portugal

In the last 500 years of Portuguese seismic his-
tory, the most remarkable earthquakes occurred in 
1531, 1755, 1858, 1909, and 1969 (LNEC, 1986).

Presented below is a summary of the earthquake 
damages indicated in Table 1:

… 1531 Severe damage is caused in the central 
mainland of Portugal; particularly in the region 
of Lisbon. The epicentre was probably located 
in the region of Benavente (Senos et al., 1994);

… 1755 The earthquake was one the biggest and 
most catastrophic in the historical memory. The 
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earthquake caused widespread destruction in 
the region of Lisbon and Algarve. The islands 
of the Azores and Madeira suffered significant 
damage. Shockwaves from the earthquake were 
felt throughout Europe (Senos et al., 1994);

… 1858 A major earthquake that affected Portugal, 
causing damage in the Setúbal area and destroy-
ing villages, as Melides (Senos et al., 1994);

… 1909 This was the largest earthquake to intensely 
affect the Portuguese mainland, during the 20th 
century. It was registered in various seismographic 
observatories, severely damaging and destroy-
ing villages, including the villages of Benavente, 
where the epicentre was traced (Senos et al., 1994), 
Samora Correia and Salvaterra de Magos;

… 1969 The epicentre was located 200 km southwest 
of São Vicente Coast (Portugal). The earthquake 
was considered to have a high seismic intensity, 
mostly in Algarve (VIII). Local damage in build-
ings was moderated (Senos et al., 1994).

The map of isoseismic lines (Fig.1) is based on 
historical and current intensities of earthquakes 
and presents the major faults that result in seismic 
events. Some of the areas of higher seismic intensi-
ties correspond to the lower •Falha Inferior do Tejo 
(VIT)•  in the Region of Setúbal and Santarém 
(intensity IX-VIII). The order of the higher seis-
mic intensities zones observed, corresponded to 
the area of the Algarve Coast and the City of Lis-
bon (Intensity X), the Coast of Alentejo and the 
general area of Lisbon (intensity IX), as well as the 
interior of the Alentejo (intensity VII-VIII).

5.2 Azores islands

The Azores have a high seismicity, seismic crises 
with prolonged and significant volcanic activity 
due to its geographical location, near the triple 
point associated with the junction of the Eurasian, 
African and North American plates. Since the dis-
covery of the islands in the 15th century, there are 
reports of destructive earthquakes and volcanic 
eruptions in the eastern and central groups. This 

archipelago also presents an important historical 
seismicity, with noted earthquakes affecting São 
Miguel in 1522, 1852, Terceira in 1547, 1614, 1800, 
1801 and 1841 and São Jorge and Pico in 1757.

Table 1. The most important earthquakes that occurred 
in Continental Portugal (LNEC, 1986).

Mercalli scale

Year Intensity (MCS)

1531 IX
1755 IX
1858 IX
1909 V
1969 VIII

Figure 1. Map isoseismic lines, based in a map pro-
duced by Portuguese National Institute of Meteorology. 
(CI-ESG, 2014).
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In the 20th century, there are crises produced by 
the earthquakes of 1973 in Pico and Faial islands; 
1980 in Terceira, São Jorge and Graciosa; and, very 
recently, 1998, which affected the islands of Faial, 
Pico and São Jorge (Nunes et al., 2004).

6 DEFINITION OF THE REGIONS WITH 
LOCAL SEISMIC CULTURE

In general, the Atlas will be based on the under-
standing of how the population responds, when 
faced with an earthquake. The fact is that the popu-
lation sometimes has a preventive response based on 
their past recurrent experiences. In other cases, the 
population just has reactive responses to the seismic 
event, especially if there has not been frequent past 
seismic occurrences. On the other hand, local build-
ers are the true leaders of the vernacular architec-
ture efforts in their villages and regions. Therefore, 
it is the vernacular architecture, which reveals, more 
clearly, the existence of a Local Seismic Culture.

Conclusively, it is assumed that a portion of the 
Local Seismic Culture, including either the preven-
tive or reactive response, is influenced either by the 
intensity of the earthquakes or by the frequency of 
earthquakes in the region; or both.

6.1 Study areas

This phase of the research concerned the selection 
of the study areas and the response to the iden-
tification of Local Seismic Culture in Portugal or 
not. Therefore, it was needed to understand the 
population•s past efforts of intervention regarding 
earthquake-damaged buildings.

The search for data began with the review of the 
various earthquakes that had occurred in Portugal. 
The 1755 earthquake in Portugal is an obvious 

choice given the extensive damage across the coun-
try with emphasis on the town of Lisbon. There was 
significant published information on the earthquake 
damage, from written observation immediately fol-
lowing the earthquake, as the Marquis of Pombal 
requested a damage status from all the parishes in 
the country. Thus, the 1755 earthquake, and all the 
planning addressed in Lisbon, in terms of rebuild-
ing the city (Lopes dos Santos, 1994) (GECoRPA, 
2000), as well as the damage status requested 
throughout the country, emerged as a basis of ref-
erence for the development of the project. Besides, 
from those descriptions and the fieldwork, it was 
possible to identify some of the study areas.

6.1.1 Region 1 (R1)„Santarém
Region 1 has Santarém as the capital of the dis-

trict and is situated in a high intensity seismic area 
(Fig. 1). The region is also characterised by the 
occurrence of relevant earthquakes and is located 
near the fault line of •Vale Inferior do Tejo (VIT)•.

The village of Benavente was selected as a case 
study, especially due to the fact that there has been 
three major earthquakes, 1531, 1909 and 1914 in 
which the epicentres were located near this vil-
lage. The earthquake of 1909 had important 
consequences in Benavente. According to local 

Table 2. The most important earthquakes that occurred 
in the Azores Islands„based in Nunes et al. (2004).

Mercalli Scale

Year Locality Intensity (MCS)

1522 S. Miguel X
1547 Terceirai VII-VIII
1614 Terceira IX
1757 S. Jorge/Pico X
1800 Terceira VII-VIII
1801 Terceira VIII
1841 Terceira IX
1852 S. Miguel VIII
1973 Pico/Faial VII-VIII
1980 Terceira/S. Joege/Graciosa VIII-IX
1998 S. Jorge/Pico/Faial VIII-IX

Figure 2. Map of the select regions for the Atlas (CI-
ESG, 2014).
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bibliographic data, the earthquake left destruction, 
or in partial ruin, a significant part of the village 
buildings (Vieira, 2009).

Some years later, the village of Benavente, was 
reconstructed, but in general, there was new hous-
ing. However, some of the reconstructed houses 
integrated seismic resistant techniques, such as, the 
Pombalino system, as well as symmetrical patterns 
(Vieira, 2009). Horizontal reinforcement on the 
houses was also observed.

In regards to the preventive and reactive seismic 
reaction, Benavente is based on the use of the two 
approaches: a) The reactive reaction, because there 
was no previous concern, before the 1909 earth-
quake; b) The preventive reaction, as elements of 
seismic resistance were incorporated in some of 
the new construction.

6.1.2 Region 2 (R2)„Setúbal
The Region of Setúbal, and Alcácer do Sal is a high 
intensity seismic area, as can be observed in Fig. 1.

After some investigation and fieldwork, Alcácer 
do Sal was selected as a case study. The village is 
characterised of being in an area of high inten-
sity and regular seismic activity. In the region, old 
buildings have been found with pombalino walls, 
(Correia & Merten, 2001). Horizontal reinforce-
ment of the houses, and the use of buttresses and 
tie-rods were also observed.

The earthquake of 1858 was one of the most 
important ones, to have affected the Portuguese 
mainland. Its epicentre was situated in the Setúbal 
region, probably at sea. The area was severely affected 
and the village of Melides was partially destroyed.

Following field missions, the village of Melides 
was also selected as a case study, due to historic and 
regular seismic activity, but also building observed 
with seismic reinforcement. A constructive culture is 
based on the improvement of material properties of 
the constructive systems. As a reaction to the effects 
of earthquake, the population presented reactive 
solutions trough the use of structural seismic resist-
ant features, such as horizontal reinforced walls, 
buttresses, tie-rods and reinforced foundation-walls.

6.1.3 Region 3 (R3)„Évora
The region of Évora never suffered the conse-
quences of a severe earthquake, as can be observed 
in Table 5, however the region has been subject to 
numerous earthquakes of medium intensity that 
can produce minor damage to buildings, and cre-
ate memories of fear or panic in the population.

During the initial fieldwork it was possible to 
identify evidence of seismic prevention, through 
the placement of seismic resistant elements, such 
as, counter arches in specific buildings. Therefore, 
Évora was also selected as a case study due to sev-
eral evidences, especially, the use of seismic resist-
ant features, as a reaction to various events. The 
historical centre has implicit evidence of strength-
ened buildings, through the use of counter arches, 
buttresses and wall reinforcements.

6.1.4 Region 4 (R4)„Beja
Historical seismicity on the District of Beja can be 
characterised as frequent, but of medium intensity, 
as can be seen in Table 6, with the intensities of 
earthquakes growing during the twentieth century.

The region of Beja is characterised by the use of 
preventive response. There was a probable reaction 
to various events and an implicit need for strength-
ening of the buildings. Nevertheless, in spite of 
field missions, no case study has been identified.

However, along the Alentejo coast, it was 
observed during several field missions, the use in 
various houses, of isolated elements of reinforce-
ment, such as stiffeners, buttresses and reinforced 
foundation-walls.

Table 3. The most important earthquakes that occurred 
in Santarém (LNEC, 1986).

Mercalli scale

Year Intensity (MCS)

1531 IX
1755 VIII
1909 IX
1914 VII
1969 VI

Table 4. The most important earthquakes that occurred 
in Setúbal (LNEC, 1986).

Mercalli scale

Year Intensity (MCS)

1755 X
1858 VII-VIII
1903 IX
1969 X

Table 5. The most important earthquakes that occurred 
in Évora (LNEC, 1986).

Mercalli scale

Year Intensity (MCS)

1755 VII
1858 VII
1917 VII
1926 VII
1969 VII
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6.1.5 Region 5 (R5)„Algarve
The Algarve is illustrated by a strong historical seis-
micity with earthquakes that caused major dam-
age. The 1719 earthquake in the Portimão area had 
a maximum intensity of IX; the 1722 earthquake 
on the coast of Tavira had a maximum intensity of 
X; and the 1856 earthquake in Loulé had a maxi-
mum intensity of VIII.

In the survey missions carried out in the Algarve 
region, several reinforcement techniques were iden-
tified on the vernacular architecture, such as but-
tresses, tie-rods and pombalino walls.

Moreover, Lagos emerged as a relevant case 
study to select due to consistent architectural evi-
dence, but also extensive local data collected by the 
town hall.

6.1.6 Region 6 (R6)„Azores
Based on the literature review (historic seismic 
occurrences and damages) and a mission to the 
Azores Islands, the island of Terceira emerged as 
a case study. The island is located in the Central 
Group, in a complex area near the boundary of 
3 tectonic plates referred to as the Azores triple 
junction (Nunes et al. 2004). Terceira is in a high 
intensity seismic area with numerous earthquakes 
(Table 2). The 1980 earthquake, according to the 
collected data, had extensive destructive conse-
quences to communities throughout the island, but 
particularly in Angra do Heroismo.

7 PRELIMINARY CONCLUSIONS

The selected regions for analysis were based on 
the following criteria: 1) The impact per region, 
of the earthquakes of higher intensity, though less 
frequent; and 2) The frequency of the earthquakes 
of low and moderate intensity. Criteria of the case 
study selection were an important issue to deter-
mine, as it contributed to the methodology of anal-
ysis during the identification of the case studies.

It was also possible to observe in the six selected 
areas, the use of the following seismic resistant fea-
tures: symmetric plans, horizontal reinforcement, 
pombalino walls, buttresses, tie-rods, reinforced foun-
dation-walls, counter arches, and wall reinforcement. 
The buildings that had three or more identified rein-
forced techniques were considered, as having reactive 
measures applied. When a group of a minimum of 
three buildings shared common features, then Local 
Seismic Culture was identified in the region.

Through extensive literature review and survey 
missions, several areas of study were selected and 
case studies were identified. Based on the materials 
and the techniques to repair and to retrofit damage 
of in-use vernacular buildings, related to local pop-
ulation reactive or preventive efforts to earthquake 
occurrence, specific case studies were selected for 
deeper research.

This paper reviewed the first phase of the project 
Seismic-V: Vernacular Seismic Culture in Portugal. 
As a case study research project, it also contributed 
to define paths to structure and develop research 
projects.

NOTE

This work is funded by National Funds through 
FCT„Foundation for Science and Technology, in 
the framework of the PTDC/ATP-AQI/3934/2012 
project: •SEISMIC-V: Vernacular Seismic Culture 
in PortugalŽ.
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The application of traditional •tube houseŽ in water revitalization

M. Dao Le Hong
Group8asia, Hanoi, Vietnam

ABSTRACT: Vietnam, as other developing countries, is facing a challenge in transforming its cities to 
adapt with the fast change and development. Together with rapid population growth, Vietnam has many 
issues in providing good living environment for people especially in big cities as Hanoi. •Tube houseŽ is a 
typology which appeared from the beginning of the city development; it reflects the commercial identity of 
streets and creates a sense of place for the city. The traditional •tube houseŽ ensures a good living quality 
by balancing between water, air and light. Nowadays, the •tube houseŽ has been transformed and the living 
quality becomes poorer. In this scope of study, water„one of the most important factors of living stand-
ard„will be discussed. Water elements are neglected and disregarded. The study investigates the current 
condition and proposes a refurbishment strategy by inheriting quality of the traditional •tube houseŽ.

1.2 Water in the city

Vietnam situates in an advantageous location 
in terms of water; two big river systems help the 
country meets the demands of agriculture and 
other occupations. Furthermore, Vietnam has high 
rainfall level: 1680 mm per year. Abundant water 
resources facilitate the water exploitation, but that 
also results in numerous water issues such as lack 
of knowledge about the necessity of water conser-
vation, wasteful usage, pollution, flood, and even 
paradoxically water scarcity.

Water is the source of life; humans do not exist 
without it. In history, houses were oriented toward 
water sources as they were used for many activities 
such as: transportation, irrigation, cooking, laun-
dry, etc. People built canals to bring water from 
the main river into the city. The rich underwater 
ecosystems regulate nutrients to ensure the life-
maintaining quality of water.

Figure 2 shows the changes of surface water 
quality based on WQI value (Le 2009). The darker 
color represent the higher level of pollution meas-
ured. From the figure, it is shown that surface water 
is heavily polluted by waste products from human 
and animal activities. Rivers and lakes are moder-
ately contaminated and small rivers or canals are 
extremely contaminated.

Hence, life quality in the city has deteriorated. In 
either traditional or modern life, water has always 
been an essential part of life balance. A water body, 

1 THE CITY VS WATER

1.1 The imbalance of the city transformation

Today, the street is rightly regarded as a fundamen-
tal component of urban design. Yet the purpose 
and character of the street has changed drastically, 
not only from place to place but from time to time. 
The development of the city reflects on the street 
system. The fast growth of population, as well as 
urban immigrants, is creating a huge demand of 
space. Obviously, the basic need of space-accom-
modation should be provided first. Hence, exist-
ing typologies have to be transformed and other 
typologies are applied to meet the accommodation 
demand as fast as possible.

Hanoi, as a rapidly developing city is facing 
many issues to balance between development and 
living quality. Greenery, open space, water body, 
etc. are gradually replaced by roads, tall buildings, 
building extensions. The remaining open spaces are 
most of the time overloaded. The nonstop rising 
buildings create shades and obstruct natural light 
to the lower space. High density buildings with 
limited opening to prevent dust are constructed 
everywhere and raise a big question of air quality 
and ventilation for the interior.

In old photographs of Hanoi we can see old 
streets with low rise buildings. In Figure 1, the 
stress on land use is visible, the typology is trans-
formed and uncontrolled in height and design.
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small or large, can reduce urban heat island, regu-
late rain water to prevent flood and enhance biodi-
versity. The respect for water is an important part 
of a sustainable city.

2 THE TRADITIONAL TUBE HOUSE

2.1 The traditional tube house configuration

Tube house is the most popular typology in Hanoi; 
the name came from its narrow and deep plan char-
acteristics. This kind of house reflects the unique 
features of a small business culture. The house cre-
ates a busy commercial atmosphere and becomes 
an iconic scene of the space (Bay & Ong 2006). Its 
configuration is a challenge to provide a good liv-
ing quality. The two blocked sides cause issues with 
light and ventilation. Despite those difficulties, the 
traditional tube house has been an example of an 
ideal solution to ensure a good living quality and 
social integration within the house.

Along a river, the houses become longer with 
the growth of population and land extension. 
While the houses got longer, its original configura-
tion was kept and simply repeated and separated 
by an inner courtyard. The house was kept low at 
two story high maximum.

The innovation by the addition of a courtyard 
was the most iconic feature in the traditional tube 
house. The courtyard solved the problems of natu-
ral light and ventilation; it circulated air in the 
middle of the house and helped to minimize dust 
from the street. Greenery and water elements are 
also integrated here easily; then, the space becomes 
suitable for recreation and communal activities.

2.2 Water usage in the traditional tube house

The courtyard in the back was usually called the 
•wet courtyardŽ because here, the water was reg-
ularly used for daily activities such as cooking, 
laundry and hygiene care. The water source mostly 
came from collected rainwater throughout the 
year; in some bigger houses a well might be dug in 
the courtyard. There are various ways for people to 
interact with water. Small fish pond, potted plants 
including bonsai or just a water tank were usu-
ally present. Aquatic plants grew around the pond 
and created a mini water biodiversity. The close 
relationship between life and water was clearly 
reflected in traditional tube house.

3 THE MODERN TUBE HOUSE

3.1 The modern tube house configuration

The fast development has changed dramatically the 
city image in less than half a century. People need 
rooms more than courtyard; hence, the courtyard 
is transformed into a skylight, part of the staircase 
in the middle of the house. The tube houses shoot 
up in height to accommodate the rapid population 
growth, even up to ten floors in some cases (Fig. 3).

The skylight is normally covered and does not do 
much in bringing natural light and promoting natu-
ral ventilation for the house. Moreover, the height of 
the house makes it difficulties for natural light and 
ventilation to reach the ground floor (Lee 2010).

The houses front the street, with a very short 
setback. The facade has a very limited exposed 
area to the environment and is fully closed to shel-
ter from noise and dust most of the time. Some will 
have small balcony in the front but the use of this 
space is very limited; hence, they do not have good 
communication with the outside consequently.

3.2 Water usage in the modern tube house

Relatively inexpensive water available from water 
plants discourages installation of rainwater tanks. 
Drinking water is used for every activity. The 
wastewater flows directly to the sewage and then 
to the river. The water plants cannot meet the huge 
demand and the required water quality.

Figure 2. Water quality from 1980 to 2000 (Le 2009).

Figure 1. Hanoi street nowadays (Author).
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People have to install in-house filtration system 
for drinking and cooking. When the water supply 
is inadequate or even unavailable during the dry 
season, people have to buy bottled water. The city 
population and businesses discharge most of the 
wastewater directly to the canals and river. Water 
is just the essential part of life coming conveniently 
from a kitchen tap, shower head, etc., for daily use. 
People do not care about where the water comes 
from, how it should be used, or how to recycle it 
efficiently. They also are ignorant about their con-
tribution to the pollution issues. Overall, living 
quality for people in Hanoi is not ensured, lacking 
in interaction with the environment, and natural 
ventilation as well as natural light (Fig. 4).

4 THE INTEGRATED SOLUTION

4.1 Lessons from traditional tube house

Although the traditional tube house is an iconic 
design for good living quality, this typology is no 
longer suitable for modern life. Higher demand of 
privacy requires more closed rooms than fully open 
plan. The availability of household appliances 
allows people to do housework more easily and the 
•wet courtyardŽ becomes unnecessary. Thus try-
ing to accommodate to the modern life•s demands 
while still wanting to inherit the values of the tradi-
tional tube house is a difficult task to fulfill.

The inner courtyard is the most important fea-
ture that can be learnt from the traditional tube 
house. In modern tube house, this void of the house 
is used mostly as staircase for vertical circulation. 
However, in the traditional tube house, the void 
had more functions and contributed dramatically 
to living quality. Hence, more functions should be 
integrated in the modern tube house•s void and 
more elements could appear in this space such 
as greenery, water, etc. The house properties and 
functions should be self-contained instead of hav-
ing to rely on the outside. A water filtration system 
inside the house could be an option.

As inefficient water usage and direct discharge of 
polluted water into the environment are the main 
roots of the problems, the plan should call for recy-
cling of the used water by phytoremediation. To 
change the situation, the wastewater source should 
be minimized and the water treatment should begin 
from every housing unit for easy management 
and maintenance. Applying a totally new typol-
ogy would be difficult, expensive and inefficient 
because the city is already densely filled up with 
existing typologies. Hence, renovating the existing 
typology with simple and low cost solutions would 
be more practical to improve the whole situation.

Aquatic plants such as reeds (Phragmites 
sp.), cattails (Typha sp.), umbrella plant (Cype-
rus alternifolius) or water hyacinth (Eichhornia 
crassipes) are locally available and very efficient in 
filtering water. Those plants are also familiar with 
traditional image of Vietnam; they are commonly 
used in livestock feeding as well as landscaping. 
The aquatic plants filtration system is very simple: 
The planters collect and filter wastewater through 
layers of mulch, soil and plant root systems, where 
pollutants such as bacteria, nitrogen, phosphorus, 
heavy metals, oil and grease are retained, degraded 
and absorbed (Moshiri G. 1993). Wastewater 
planters do not require large space and can add 
aesthetic appeal and wildlife habitat to the city.

4.2 Reduce water demand and improve efficient 
usage

Reducing the water demand, using water efficiently 
and improving wastewater quality before being 
discharged from the house are the main tasks. To 
achieve this, the conventional water input is replaced 
in part by rainwater and treated greywater. Water 
from water plants is used for drinking, cooking and 
for urgent needs only. Wastewater is partly treated 
before draining into the common drainage system. 
The analysis based on a typical tube house:

… 4 people
… 60 m2 roof area. Roof type: flat roof
… Typical drainage system

Figure 3. Street façade (Author).

Figure 4. Limited space inside houses lead to common 
wet courtyard (Author).
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… 3 toilets
… 2 showers, no bath
… 1 septic tank
… Conventional water usage

The modern houses use very simple, piped-in 
water system, with no rainwater collection; hence, 
the water plants of Hanoi have to provide the total 
water demand every day. Only septic tanks are used 
for wastewater collection, and then wastewater is 
released to the common drainage. The diagrams 
below are based on:

… Water demand of an average person throughout 
a year

… Rain fall level of Hanoi throughout a year
… Percentage of grey water over black water.

Phase 1 (Fig. 5): Conventional water usage: The 
house uses treated water from water plants for 
every activity year round. Wastewater is not sep-
arated and directly released to the common sew-
age. The input amount of water equals the output 
amount of water.

Phase 2 (Fig. 6): Water input is partly replaced by 
treated rainwater. Treated rainwater can be used for 
various activities including drinking; hence, during 
rainy season, treated rainwater can provide enough 
water demand. Wastewater is still not separated.

Phase 3 (Fig. 7): Wastewater is separated. Grey-
water is treated through several steps and become 
good enough to use in different activities such as 
laundry, outdoor rinsing, potted-plant watering and 
toilet flushing. Blackwater goes to the septic tank.

4.3 Water usage tank calculation

Filtered and disinfected rainwater could partly 
cover the demand for drinking and cooking. And 
also for shower, sink tap and other activities.

Rainwater tank size calculation:

… Effective collection area: 60 m2
… Drainage coefficient for flat roof: 0.8
… Filter coefficient assumed: 90%
… Average rainfall for the area: 1680 mm/yr
… Tank size = 60 × 0.8 × 0.9 × 1680 × 0.05 = 3628.

8 liters or about 4 m3

However, because of the frequent flow of water 
usage, the tank could be smaller and mainly to 
store excess rainwater. The space chosen for rain-
water tank is on the fourth floor. This is to utilize 
gravity and avoid the need of a pump.

Greywater tank size: The grey water volume is 
more stable than rainwater because the amount 
of grey water correlates with the amount of water 
usage. The greywater needs to stay in the filtration 
system for about one week for effective treatment. 
Hence the greywater tank size should be designed 
for seven day of greywater release.

Figure 5. Phase 1: Conventional water usage (Author). Figure 6. Phase 2: Rainwater replacement (Author).

Figure 7. Phase 3: Greywater replacement (Author).
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… Average water use daily by 1 person: 160 l
… Assumed percentage of greywater: 70%
… Tank size = 160 × 4 × 70% × 7 = 3136 l or about 

3 m3

The space chosen for greywater tank is on the 
fourth floor. This is to utilize gravity and avoid the 
need of pump.

4.4 Aquatic plants treatment application

Household greywater mostly contains soaps, skin 
cells, hairƒ It is relatively clean, with minimum 
odor and can be treated at home.

Horizontal and vertical flow for nitrification proc-
ess: Greywater coming out from the sanitary appli-
ances flows to the reed planter. Beneath the swaying 
reeds is a bed of gritty sand. Many harmful bacteria 
are trapped and die here. Aerobic bacterial activi-
ties remove the organic material and transform the 
harmful ammonium (NH4+) into nitrate (NO3-), a 
process called nitrification (Hammer 1989).

Settling pond for denitrification process: The 
partially cleaned water enters the settling pond. 
Water oxygen levels are kept low and so some of 
the bacteria are able to convert nitrate (NO3-) pro-
duced in the reedbed into harmless nitrogen gas 
(N2). The greywater should stay in the pond for 
about 1 week (Hammer 1989).

Last horizontal flow for purifying process: 
The water arrives at another reed bed, in which 
it moves horizontally and very slowly between 
the reed stems and roots which acts like a filter, 
catching and settling suspended solids, whilst 
simultaneously breaking up organic chemicals 
and taking up nutrients from the water. After 
treatment through 3 steps, the greywater is clean 
enough for toilet flushing and laundry activities. 
Water collected from the step 3 will be pumped up 
to the treated greywater tank on the fourth floor 
(Fig. 8).

The visible water flow inside the house brings 
water closer to people (Fig. 9). The water reduces 
urban heat island and creates a healthy and com-
fortable indoor space for the family. The planters 
and pond provide a good environment for the 
growth of flora and fauna, enhancing indoor bio-
diversity. The flow of water from level to level, and 
the cleansing of water through filtration layers are 
visible. Even the little child in the house can oper-
ate, learn how to save water and appreciate every 
drop of water. All of  these lead to a natural proc-
ess of education, which gradually enhances pub-
lic perception and behavior toward water as a life 
bringing gift from heaven instead of just a cheap 
utility.

The use of rainwater and grey water proves that 
the house has ability to cleanse more than 60% of 

Figure 8. Greywater treatment system.

Figure 9. Consumption and waste loop diagram.
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water it uses and to supply itself  without treated 
water from the government water plants; hence, 
the house is resilient in dry season and is more able 
to adapt with climate change.

5 CONCLUSION

The legacy of the traditional tube house is the 
inherited open space in its middle section. This 
space is saved for greenery and fish pond. Then, the 

Figure 10. Interior views.

Figure 11. Interior views.

originality of the space is kept and becomes more 
valuable and enjoyable to live. The water filtration 
system as a •modern courtyardŽ would bring more 
than just treated water. Good quality of air, noise 
abatement, a social communal point or a small 
biological space of few square meters. This proves 
vertical spaces are very flexible accommodating to 
the demands of modern life while respecting the 
traditional spirit.

The traditional tube house is only one of many 
old designs which wonderfully reflect the cultures 
of local community. As the traditional architecture 
development from our ancestors has spanned over 
thousands of year, it has become a giant treasure 
to cherish and explore. However, because of the 
dramatic changes in society and community, the 
learning process should be done selectively and 
carefully for ideal results.
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ABSTRACT: This research was published online by the Spanish Ministry of Public Works in 2012. It 
collects 20 years of work that contributes to recognizing and enhancing the vernacular architecture in 
Spain, which has no known author, but has significant values and shows a wide variety of adaptation 
examples to climatic and environmental conditions. The research analyzes in detail and from different 
scales 15 houses in different climatic conditions and geographic regions in order to go deeper into the spe-
cific characteristics of each one of them from the perspective of sustainability. These houses are located 
in Tenerife, Salamanca, Huelva, Granada, Toledo, Madrid, Menorca, Alicante, Mallorca, Almería, La 
Coruña, Cantabria, Huesca and Lugo. The article analyzes the traditional dwelling, the natural environ-
ment and conditions that surround it and intends to discover the formal dialogue among them, as well as 
the origin of the design strategies

The mobility of population, the introduction 
of new materials and techniques, etc., make that 
many of those construction traditions, and even 
more the knowledge about their origins, get lost in 
time.

2 CLIMATIC ZONING AND SELECTION 
OF HOUSES FOR THE STUDY

The development of this study has extended in 
time, beginning in 1995, within the Seminar of 
Integrated Architecture in the Environment of the 
Madrid Architecture School, to the present time, 
with increasingly detailed and extended contribu-
tions; therefore, the drawing portray a time warp 
of about two decades.

The climatic zoning relies on the proposal of 
Spanish Climate Atlas edited by the National 
Institute of Meteorology, published in 1983, based 
on the •Climatic regions of the Iberian PeninsulaŽ, 
adding the Canary archipelago to it. It was consid-
ered interesting to use this zoning as a reference, 
because it was made with climate data from 1931 
to 1960, a period less influenced by climate change 
than nowadays and, therefore, closer to climate 
conditions in which the dwellings were built.

For the selection of the houses and their sur-
roundings, two circumstances have been taken 
into account: firstly, they belong to different cli-
mate zones, and secondly, they were chosen due to 

1 INTRODUCTION

We say that traditional architecture was sustain-
able and that it•s linked to its natural environment, 
but it is usually not so clear why and how.

How does it solve the environmental integration 
in each scale? What parameters does it seem to have 
taken into account? What means does it use? Obvi-
ously vernacular architecture builds with materials 
obtained from its immediate environment, but why 
does it choose some specific ones and not others? 
Why does it use these materials in each particular 
building element?

When we see a vernacular house built years ago, 
we read the last chapter of a building work proc-
ess founded on knowledge acquired by a system of 
trial and error suited along time: solutions without 
a positive result have been changed and corrected.

The answers that vernacular architecture offers 
in its buildings are highly variable, adapted to each 
specific place, every situation, every circumstance; 
it is therefore almost impossible to assert general 
remarks about them. That•s indeed one of its main 
attractiveness, because each house has imaginative 
and inventive features.

Transmission of construction knowledge in ver-
nacular architecture is usually oral and, sometimes, 
not even that, because a certain common tradition 
in the area assured the behavior of the building. 
If  there was any problem, the inhabitants fixed it 
themselves or asked a local skilled person for help.
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personal affinity or because of the closeness of the 
different authors to their living or working places.

The authors analyzed 15 houses located in differ-
ent climatic regions and under various geographic 
conditions, seeking the specific characteristics 
of each one of them. The selected dwellings are 
located in almost all climatic regions of Spain, dis-
tributed throughout the peninsula and the island 
territories.

The focus on the suitability of each house to its 
natural environment, has led to deepening less in 
other areas of more common study in the analysis 
of vernacular architecture, such as History, ethnol-
ogy, typologies, etc., that only appear occasionally, 
if  needed, for a better understanding of the basic 
issue: the positive use of the conditions and the 
natural environment for the creation of habitable 
spaces.

In these houses, the climate adjustment, the con-
structive means and the activities of that time can 
be perceived, and the knowledge of these items is 
essential to suit to the current balances, which usu-
ally differ from the original, preserving solutions 
that maintain the exploitation of the environmen-
tal conditions without destroying them.

Throughout the paper several factors were 
acknowledged that could have turned to be deci-
sive of the choice of solutions at different levels, as 
summarized below.

3 REGIONAL INTEGRATION

Location of settlements based on the best condi-
tions of physical and climatic environment were 
observed. Among others, the following strategies 
were used:

… Selection of sunny or shady slopes for the loca-
tion of rural villages, depending on the prevail-
ing climatic conditions of the place where they 
settle.

… Utilization of free of solar obstructions zones, 
caused by the shape and geographical conditions 
of the environment, allowing sufficient periods 
of sunlight exposure in central hours of winter 
days.

… Location of villages in valleys and thermal 
belts, that takes advantage of daily and seasonal 
breezes on slopes and along the valleys.

… Use of different wind regimes throughout the 
year for acclimation and farm works. Usually 
the examples suit themselves to the different 

Figure 1. Climate regions in the Iberian Peninsula and 
islands.

Figure 2. Location of the studied houses.
1. Vilaflor, Tenerife. 2. La Alberca, Salamanca. 3. Jabugo, 
Huelva. 4. Bubión, Granada. 5. Lagartera, Toledo. 6. 
Patones, Madrid. 7. Morata de Tajuña, Madrid, 8. Bin-
imela, Menorca, 9. Vall de Gallinera, Alicante. 10. Portol, 
Mallorca. 11. Níjar, Almería. 12. Redes, La Coruña. 13. 
Bárcena Mayor, Cantabria. 14. Castro, Lugo. 15. Susín, 
Huesca.

Figure 3. Sunlight exposure on north-south section in 
Patones (Madrid) (De Luxán 2011).

Figure 4. Wind over dwellings and threshing floor in 
Patones (Madrid) (De Luxán 2011).
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types of seasonally prevailing winds: warm, 
damp, sandy, etc., as well as they protect them-
selves from unwanted winds by topographic ele-
ments or vegetation.

… Proximity to streams and springs in a posi-
tion that allows exploitation by gravity in 
settlements.

… Solutions on different types of soil and land; 
location on soils with good supporting condi-
tions. Location taking into account land surface 
runoffs in case of impermeable soils.

… Respectful placement of settlements, outside of 
land suitable for crops.

… Location of settlements far from risks derived 
from active natural processes such as erosion, 
landslides, hillside movements, displacements, 
seismic areas, floods, etc.

… Location of human activities on plots with favo-
rable geological conditions and good supporting 
capacity.

4 URBAN INTEGRATION

On a smaller scale, many of the strategies described 
for territorial integration of urban centers repeat 
themselves, only with different elements:

… Orientation and adaptation of the urban scene 
to the existing topography, in order to take 
advantage of a better sunlight exposure and ven-
tilation conditions throughout the year, encour-
aging life inside buildings as well as in outdoor 
spaces. For example, choice of streets width, or 
their staggering, in order to create conditions of 
sunlight exposure and shadows depending on 
prevailing conditions and even the utilization of 
adjustable elements throughout the year.

… Creation of free solar obstruction areas caused 
by the built urban layout, allowing sufficient 
periods of sunlight exposure in central hours of 
winter days. At this scale, it was observed how 
adequate these houses are to the various types 
of seasonally most frequent winds: warm, damp, 
sandy, etc.

… The architectural design, the orientation and 
the relationship between street width and build-
ing height, that favor sunlight exposure during 
the coldest months, allowing solar gain on the 
facades of houses, and encouraging natural 
ventilation, as much protection from unwanted 
winds by the creation of obstacles with build-
ing and vegetation bodies, as capturing breezes 
in warmer months, for instance by considering 
the conditions that drafts create by the Venturi 
effect along open spaces, taking advantage of 
daily and seasonal breezes.

… The slope of the streets that provides evacua-
tion of rainwater improving surface runoffs on 
impermeable soils, due to the fact that some-
times streets settle on natural stone, and so 
avoiding muddy ground. In this regard, it has 
been noticed how important the selection of dif-
ferent types of soils and grounds was in these 
settlements, in order to obtain a quick drainage 
or seepage of rainwater.

… Incorporation of the courtyard as an air condi-
tioning element of many dwellings, since within 

Figure 5. Interior street shaded in summer. Bubión 
(Granada) (Tendero & García 2011).

Figure 6. Courtyard in a dwelling in Lagartera (Toledo) 
(De Santiago 2011).

Figure 7. Bioclimatic summer behaviour in a dwelling 
in Lagartera (Toledo). Caption. A: Building and veg-
etation shadow. B: Micro breeze due to a difference in 
temperature. C: Solar radiation reflection on vegetation. 
D: Insulation through wheat stored under rooftop. E: 
Spreading of latent heat through plant evaporation and 
irrigation water. De Santiago (2011).
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the urban layout it can ensure access to sunlight 
exposure of its buildings. In other cases, the 
courtyard is used to collect rainwater and it usu-
ally has vegetation that creates its own microcli-
mate, improving environment conditions.

… In most cases these rural villages are located near 
farmland and take advantage of the different 
wind regimes and sunlight exposure throughout 
the year for agricultural labor.

The above strategies have allowed these urban 
settlements to reply to more ecological and sustain-
able processes than today, requiring less anthro-
pogenic transformations of the original physical 
environment.

5 ARCHITECTURAL STRATEGIES

The massive character of traditional architecture 
building systems gives these constructions one of 
the most interesting features for thermal regulation 
in climates with thermal oscillation. The difference 
in the outside temperatures throughout the day is 
an essential condition for inertia to work in favor 
of the dwellings• inside comfort.

For cold climates, it is necessary that the build-
ing•s inertia is combined with the installation of 
solar passive gains systems, so that it is possible 
to heat the inside of the building during the cen-
tral hours of the day and, once the sun has disap-
peared, the temperature decrease is attenuated by 
the thermo physical properties of the outer walls 
(damping and delay of the thermal wave).

Solar gain is carried out through the windows, 
preferably oriented to the south. Special elements 
are usually designed to optimize these gains, such 
as glass galleries placed in front of large inertia 
elements. A larger area of south facing facades 
is sought, as well as the surface enlargement, the 
orientation and the slope of pitched roofs, so that 

they are solar exposed, adding up to the drain in 
favour of ground slopes.

However, these solar gains are often not enough 
to achieve indoor comfort and in such cases, the 
existence of a heating system in the common 

Figure 9. Solar gains in winter. Dwelling in La Alberca 
(Salamanca) (González 2011).

Figure 10. Protection of windows and natural venti-
lation in summer. Dwelling in La Alberca (Salamanca) 
(González).

Figure 11. Section of dwelling in Lugo with large fire-
place (Rodríguez 2011).

Figure 12. Fireplace in dwelling in Susín (Huesca) 
(Gómez & Román 2011).

Figure 8. In Portol (Mallorca), south facades have been 
used traditionally to dry spices for sobrasada (Martínez 
2011).
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act as indoor outdoor transition spaces, systems 
that allow nightly cross ventilation or the existence 
of vegetation through protected interior court-
yards or the urban layout itself, with roofs adapted 
to the terrain.

Buried homes are pointed out as extreme exam-
ple of the use of inertia. They use the own thermal 
regulation of the excavated ground. In this way the 
achieved indoor spaces have high thermal stability 
vs. external variations. Often, these dwellings have 
lighting and ventilation systems to ensure the qual-
ity of their indoor environment.

The solutions of all elements are made with care 
and through specific details: for example, the dif-
ferent length of the roof•s overhangs related to ori-
entation, type of rainfall, incident direction of rain, 
drained area or roof ensemble of each block and 
its relation with the shape of the urban layout.

6 MATERIALS AND BUILDING SYSTEMS

The many solutions and their particularized adap-
tation make it impossible to summarize overall 
conclusions. The choice of materials is carried 
out depending on the distance at which they are 
found, transportation facilities and size and weight 
of the pieces, in order to allow manual operation 
by few people. All kinds of strategies, solutions 
and materials are managed. Below three examples 
taken among the diversity of the many studied are 
shown:

… Position of windows and characteristics of the 
glazing and railings depending on weather con-
ditions, such as sunlight exposure, variation of 
relative humidity and rainfall regime types.

… Treatment of wooden framework slabs and hard-
wood floors that come together or open in order 
to allow the heat to rise from the floor below.

Figure 13. Dwelling in arid climate. Cabo de Gata 
(Almería) (Nieto 2011).

Figure 14. Buried home in Morata (Madrid). (Jiménez 
2011). 1. Lounge. 2. Kitchen. 3. Fireplace. 4. Bedroom.

Figure 15. Detail of window with solar protection. 
Mallorca (Martínez 2011).

Figure 16. Detail of window in the exterior side of the 
wall. Redes (A Coruña) (Vizcaíno 2011).

rooms of the house is essential. They are usually 
large fireplaces that were the center of family life 
during winter months.

In warm climates, thermal mass also plays an 
important role to avoid high outside temperatures 
negatively affecting the indoor environment. In 
these situations, the size of the windows is usually 
reduced in order to prevent solar gains.

A large number of sun protection strategies are 
often applied using external elements in windows 
such as shutters, projected elements, arcades that 
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… Shape and finishes of roofs, from inclined slate 
roofs in snowy areas to flat •launaŽ land roofs in 
desert areas.

The richness and imagination in the use of the 
limited resources are admirable and by far impos-
sible to include in a brief way here because of its 
abundance and diversity.

7 CONCLUSIONS

We can make a consideration about the rehabili-
tation of these buildings in a sustainable way. In 
order to do so we should turn to look at current 
circumstances and means, but it is impossible to 
redirect them into new decisions to apply today, 
without knowing the reasons of the original solu-
tions and the effects they used to have.

The scope of certain practices in the rehabilita-
tion of these houses, dictated by fashion or by the 
expanse of models belonging to other climates, can 
mean an aggressive and contradictory intervention 
against the logical operation of a building adapted 
to its environment. For example, removing the 
original plaster and whitewash from a stone or 
fabric wall may involve a change in the behavior of 
the building envelope so that it does not suit to the 
conditions under which it was originally designed.

Thus, some elements show up on the outside 
that have never been placed in such way before: 
stone walls not intended to be viewed, with shoddy 
construction and permeable bonding or even with-
out any bonding at all, or timber frameworks with 
fillings, that are left in a bad position for mainte-
nance, exposed to weather, with a less insulating 
capacity.

This is an example to picture something that 
could be an alteration based only on aesthetic pur-
poses, ignoring all other circumstances that led to 
the characteristics of the traditional architecture 
of each place.

Another issue to consider is that traditional 
architecture was sustainable in its density, its scale 
and circumstances of use, but the indefinite growth 
of it in response to the housing needs of global 
population in geometric progression does not 
make any sense because it implies an unattainable 
amount and volume of soil and materials.

On the other hand, in the process of restoration, 
the parameters that define the habitability of our 
accommodations should be considered, differing 
from those considered at the original construction 
time of these houses. This means a review of the 
logic of restoration itself  in the sense of enabling 
dwellings. That is turning a building into habitable 
that back in time used to be habitable, but it has 
lost that condition in the present socioeconomic 
context, rather than a refurbishment in the sense 
of restoring it to its original condition.

In short, to stand in front of a particular tra-
ditional house, to analyze the natural environment 
and the conditions that surround it and to discover 
the established formal dialogue among them, try-
ing to figure out the causes of the selected meas-
ures, is a fascinating research work and it is that 
feeling of admiration and appreciation that we are 
trying to convey.

Figure 17. Construction section of house in La Alberca 
(Salamanca) (González 2011).
1. Open clapboard. 2. Aticc (Solana). 3. Wooden pillars. 
4. Wooden floor. 5. Drip edge. 6. Wooden baluster. 7. 
Wooden beam. 8. Wooden floor with clay soil. 9. Lime 
plaster. 10. Granite wall. 11. Internal and external shut-
ters. 12. Beam. 13. Open clapboard 14. Granite jamb and 
lintel. 15. Block of granite stone. 16. Door (Vallipuerta).
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This is a research work made by friends, among 
a number of architects who have shared the aston-
ishment of the intelligence that underlies this 
architecture, made without professional qualifica-
tions, but full of observation, intuition, cunning, 
mistakes, successes, patience and desire to live the 
best you can with the available resources.

From a position of respect towards the envi-
ronment, the latter attitude is what we believe we 
should claim to resolve the issue of accommoda-
tion and appreciation of vernacular architecture.

NOTE

Translation: Rosa Cantó Pérez
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Structural analysis of traditional gypsum walls from the 12th century 
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ABSTRACT: Built between the end of the 12th century and the beginning of the 13th, Teruel•s Cathe-
dral is a complex building which greatest treasure is the •mudéjarŽ roof that covers the central space, 
declared World Heritage by UNESCO in 1986. During the 2008 restoration of the church, part of the 
roof and walls remained uncovered for a short period of time, making that moment a unique chance to 
develop a constructive analysis of part of the building. The temple was built with bearing gypsum walls in 
the main nave, with the technique of the •tapialŽ or •rammed-earth wallŽ. The walls under study are the 
side walls of the main nave, one meter thick and up to 17 meters high, with big openings at the bottom 
connecting the naves and nine windows at the top. The exterior walls have been exposed for near 900 years 
to weather, modifications, additions, new openings and even a bombing during the Spanish Civil War, and 
still now they show an enviable neat condition.

gypsum to gain hydraulic properties. And because 
it hardens at successive stages it is thought that the 
mechanical properties improve with the time and 
with humidity.

That's why we can find many vernacular build-
ings with renderings made basically of gypsum in 
the regions with high level of gypsum deposits, 
such as in the Teruel area.

The paper focuses in the north and south walls 
of the main nave, therefore when the word wall is 
used it referred solely to these walls.

2 BUILDING: HISTORICAL CONTEXT, 
DESCRIPTIONAND EXPOSED 
CONDITIONS

The cathedral is located in Teruel which is a small 
city in the community of Aragon, east of Spain. 
The city was founded in 1177, after the Reconquest 
of the Christians over the Muslims. Teruel is known 
for its Mudejar Art style, born during the middle age 
and when the cathedral was built. The Mudejar art 
symbolizes the coexistence between Muslim, Chris-
tian and Jewish cultures. One of the best examples 
of this art is the gable roof of the cathedral which 
is an incredible graphic document. In the roof there 
are hundreds of paints showing kings, bible pas-
sages, animals and what is more important the dairy 
scenes of the early medieval life.

1 THE GYPSUM AS STRUCTURAL 
MATERIAL

The gypsum plaster, or plaster of Paris, that we 
have in our minds today differs little of the one 
used throughout the history. The composition is 
roughly identical but the means of obtaining and 
the mix with other materials is the main element to 
provide one or other features to the final product.

Gypsum is a very soft mineral, hydrate calcium 
sulfate (CaSO4+2H2O) and when it is burnt, cal-
cined gypsum is obtained. That is the gypsum 
plaster used as construction material. The trans-
formation is reversible: when the calcined material 
is mixed with water, it becomes a paste that sets 
quickly to form crystalline gypsum, which is the 
calcium sulfate (CaSO4 H2O) that hardens into a 
solid (Sanz 2009).

The •old gypsum plasterŽ was manufactured 
in kilns with a simple timber fire. The kilns were 
cylinders erected with dry stone masonry or some-
times dug into a slope. The gypsum stones were 
laid by sizes, usually forming a dome. The firing 
process could last about 24 hours; the kiln was left 
to cool down slowly, approximately 10 days. Then 
the fired stones were ground and ready to be used 
(Vegas 2008).

The gypsum was not evenly burnt, and had 
impurities such as clay, sand and also salts and sul-
fates. And this heterogeneity was what helped old 
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The first building of the cathedral was dated 
around the end of the 12th century, and basically 
consists of a main nave, two side naves, presbytery, 
and a bell tower at the feet of the naves. During 
the 13th Century the naves were raised and roofed 
with the existing gable roof (Almagro 1991).

Small modification and chapels were made, 
although the building kept its original shape. 
The major renovation was held at the beginning 
of the 18th century when the style of the build-
ing was changed for a neoclassic style. New vaults 
were built in the naves hiding the gable roof for 
more than 200 years. It was in 1936 when during 
the Spanish civil war a bomb hit the cathedral 
and destroyed part of the building, this incident 
exposed the bottom of the roof again and after 
the war it was decided to demolish the vaults and 
expose it again (Almagro 1991).

During the 2008 restoration, one of the goals 
was to remove the exterior finishes of the walls 
of the main nave and replace it with a new render. 
However, when the finishes were removed, unex-
pected elements appeared. Both authors of the 
present paper were involved in the process and 
started to investigate the building, its history and 
its construction technique.

The visible openings of the windows were 
thought to be from the 20th century and made by 
Regiones Devastadas (Spanish National Service 
created in 1938 to restore architectural heritage 
damaged during the war), but they seemed built at 
the same time of the rest of the wall dated around 

the end of the 12th century. Aside, four round 2 m 
diameter openings were found in the north and 
south walls filled with modern hollow brick.

Basically there were three different materials in 
the walls (Fig. 3):

… Solid brick around the windows.
… A conglomerate made of stones and a binder 

material between the brick pilasters. The solid 
brick and the conglomerate were built at the 
same time.

… And inserted into the wall 4 round openings 
filled with modern hollow brick masonry.

The surprising part was the unawareness regard-
ing to the round openings in the walls. It turned 
out that they were built for new windows during 

Figure 1. South wall elevation. The box denotes the exterior wall of the main nave (de Miguel & Pardo).

Figure 2. Load path. (Left) Partial longitudinal sec-
tion. (Right) Cross section at the main nave (de Miguel & 
Pardo).
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the 18th century Neoclassic renovation and at the 
beginning of the 20th century these windows were 
closed with the hollow brick and the original win-
dows re-opened (Fig. 5).

The unsolved question was: what is this con-
glomerate of the walls made of? To clarify this 
point an X-ray diffraction was performed leading 
to the results that 80% of the sample was calcium 
sulfate (CaSO4+H2O) gypsum plaster, 17% was 
calcium carbonate (CaCO3), most likely from lime 
mortar; and only 3% of impurities such as clay and 
charcoal most likely from the burning process.

The technique used in the walls was similar to the 
technique used for rammed earth constructions using 
the tapial, the timber formwork. Similarly to modern 
concrete, the gypsum mortar mixed with stones was 
poured into the formwork and left to cure, making a 
sort of •gypsum boxesŽ and transforming the wall 
into a monolithic element. Due to the avid reaction 
between the gypsum plaster and the water it dries off  
really fast, consequently it was a very fast technique. 
There was not need for heavy scaffolding because 
all the materials were light and after a few hours the 
wall was hard enough to work on it.

3 THE STRUCTURAL ANALYSIS

The walls are 17 m high, 80 cm thick, and made as 
seen before of gypsum plaster mixed with stones. 
A load-path analysis shows that the walls take the 
load from the roof through the rafters. The ties 
prevent the thrust of the rafters, therefore only ver-
tical forces are transferred to the walls. Due to the 
connection between the roof and the wall the verti-
cal forces are transferred as concentrated loads at 
the embedded corbels below the ties. The roof of 

the side naves also transfers the load to the walls. 
And at the lower part the openings within the walls 
redirect the load to the pillars (Fig. 2).

The loads taken into account for the structural 
analysis were:

… Wall density = 24.5 KN/m3

… Timber roof = 1 KN/m 3

… Wind Load = 0.7 KN/m2

… Snow Load = 0.5 KN/m2

With these values the concentrated load below 
each bracket equal to 40 kN. Taking into account 
the tributary width of the pillar the obtained load 
is equal to 1640 kN at the base.

When these values are transformed into stresses 
by the following formulas:.

� c= P/A (1)

Where � c = Compressive stress; P = Load from 
the load combination; A = Cross Section Area of 
the element.

� b= Mx/Sx (2)

Where � b = Bending stress; Mx  = Bending 
moment in wall due to the wind load; Sx = Section 
modulus of the wall.

The values obtained for the most unfavorable 
load combinations are:.

… � c = 0.17 N/mm2 under the ties, due to the con-
centrated load of the corbels to the wall.

… � c = 0.22 N/mm2 at the crown of the arches. In 
this case there is more load but there is more 
cross section of wall.

… � c = 2.13 N/mm2 at the base of the pillars. The 
stresses increase linearly as the cross section of 

Figure 3. Exterior south wall of the main nave showing the different three main components of the wall, one at each eleva-
tion. Highlighted from top to bottom: the infills with modern brick masonry (4th and 8th window from the left); solid brick 
masonry around the windows, and conglomerate made of gypsum and stones between windows. (de Miguel & Pardo).
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the wall decreases, and at the bottom of the pil-
lar the section is 90 × 90 cm.

… � b = 0.1 N/mm2 Bending stress due to wind are 
very low.

The results were then compared with other labo-
ratory tests. David Sanz (Sanz 2009) performed a 
complete study of the traditional gypsum for his 
thesis. He tested two different types of gypsum 
from a quarry close to Teruel. One was red gyp-
sum, and the other was white gypsum. Both were 

calcined as the traditional manner as the gypsum 
plaster used in the walls.

The results were that the red gypsum got a com-
pressive stress of 2.7 N/mm2 and bending stress 
of 1.2 N/mm2. While the white gypsum obtained 
compressive stress equal to3.8 N/mm2 and bending 
stress equal to1.9 N/mm2. The values obtained from 
the analysis of Teruel walls are below the compres-
sive stresses of the tests. Comparing our results 
with the red gypsum we are at 78% of the ultimate 
strength, and with the white gypsum at 56%.

4 CONCLUSIONS

Gypsum is a serious material that can be found not 
only in renderings but also in structural elements. 
The best evidence of its performance is looking at 
the vernacular architecture. It has been using gyp-
sum for hundreds of years for different purposes, 
from aesthetic to structural.

Gypsum plaster is an easy material to produce and 
fast to build with. What this paper aims to empha-
size is that the structural values are not as weak as 
thought; to keep this image in mind the compressive 
stress values of this gypsum wall are similar to the 
allowable values of a solid brick masonry wall.
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ABSTRACT: The Guastavino Fireproof Company founded by the Spanish architect Rafael Guastavino 
Moreno, imported to the United States the vernacular Spanish technique of Timbrel Vaulting. He pat-
ented the system adapting the ancient technique to the demanding technical challenges of the time. Within 
a few decades, the family firm helped design and construct many of America•s most famous monuments. 
This paper goes through the history of how a vernacular technique from the old continent was trans-
formed into art and innovative engineering.

years, many of those vaults were being demolished 
due to the polemic Desamortización de Mendizábal, 
a legal process that allowed demolishing old build-
ings in order to have land for new houses. It must 
have been quite an interesting process for an archi-
tectural eye such as Rafael•s.

He moved to Barcelona in 1859 to study build-
ing construction and design. During the next 
twenty years he built a number of residences and 
industrial buildings that would be the inspiration 
for future modernist architects such as Gaudi and 
Doménech i Montaner. Vaulted and domed ceil-
ings as well as vaulted stairs were all present in his 
early designs. Laudable examples of this period are 
La Fábrica Batlló (1869…1875) in Barcelona and El 
Teatre de la Massa (1881) in Vilassar de Dalt.

Rafael G.M emigrated to the United States in 
1881. The last three decades of the nineteenth cen-
tury were called the Gilded Age due to the expan-
sion and development of the American nation, 
undoubtedly, this is one of the reasons why Rafael 
G.M. made the decision to leave Spain. He took 
with him his eight year-old son Rafael Guastavino 
Expósito (1872…1950).

The Great Chicago fire of 1871, and the ensuing 
adoption of early zoning and fire codes, drove an 
interest in fire-resistant construction technologies. 
As a result, Rafael G.M., as expert in timbrel vault-
ing system, began a campaign to demonstrate and 
convince architects and engineers of the capabili-
ties of the system as less expensive and more fire 
resistant than the structural steel. After some years 
of hard work, he funded The Guastavino Fire-
proof Construction Company in 1889 (Fig. 1).

1 INTRODUCTION

1.1 Timbrel vault

Timbrel vaulting is a construction technique that 
has been utilized in Spain for, at least, six centuries. 
Also known as Catalan vaulting or tile vaulting, 
this is a type of structural vault made of one or 
more layers of plain, flat tiles measuring approxi-
mately 12Ž x 6Ž x 1Ž thick. Traditionally the first 
layer was usually set up with plaster or fast-setting 
natural cements, and does not employ centering 
or forms that are left in place. The Convento del 
Carmen (XV century) and the Convento de Santo 
Domingo, both in Valencia are two remarkable 
and early examples in Spain. The origin of this 
construction technique is not certain, however, 
there are a similar techniques from Roman times 
in which the constructors used plain brick vaults 
as permanent form work in big Roman concrete 
vaulted constructions such as The Terms of Cara-
calla in Rome.

1.2 Rafael Guastavino Moreno & Rafael 
Guastavino Expósito

Rafael Guastavino Moreno (1842…1908) was a 
Spanish master builder born in Valencia. His 
father•s family had a strong architecture tradition; 
his great grandfather was Juan José Nadal (1690…
1763), an important architect who built the Church 
of Saint Jaume in Villarreal, Castellón along with 
another twenty two great churches.

Rafael grew up in Valencia, a city famous at that 
time and today for its domed skyline. During those 
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His son, Rafael G.E., joined the company at a 
very early age.

Over the course of seventy years the Company 
worked on more than one thousand buildings, in 
ten countries. They installed vaulted and domed 
ceilings in more than two hundred buildings in 
New York City alone, including the main entrance 
to Carnegie Hall, all of the gothic vaulting at the 
Cathedral of St. John the Divine, the registry hall 
at Ellis Island, and the Oyster Bar in Grand Cen-
tral Station. A history of architecture in the United 
States cannot be completely understood without 
an awareness of the impact of the Guastavino 
Company.

2 THE ADAPTATION OF THE TIMBREL 
VAULT BY RAFAEL G.M.

In 1885 Rafael G.M. secured a patent for a fire-
proof construction system based in the traditional 
Catalan Vault technique. From this traditional ver-
nacular Spanish technique he soon creates modern 
applications adapted to the necessities of a grow-
ing and demanding nation. He introduced the Cat-
alan vault structural system as a fireproof solution 
that allowed designers to design with curved and 
decorated surfaces; in addition, he highlighted its 

affordability and lightness compared to steel sys-
tems. Rafael G.M. terms this Cohesive Construc-
tion and distinguishes it from what he termed 
Gravity Construction, requiring centering and 
heavy formwork. In 1892 he publishes his Essay on 
the Theory and History of Cohesive Construction, 
Applied Especially to the Timbrel Arch, based on 
a lecture he gave at the Massachusetts Institute of 
Technology.

From then on he would be the intellectual owner 
of the construction technique in a nation of eighty 
million of inhabitants. In all, twenty four patents 
were obtained by the Guastavinos. These include 
patents for fireproof cohesive construction ele-
ments such arches, vaults, stairs and specialized 
tiles. He did not copy something that already 
existed in Spain, but adapted a technique he knew 
well. Each one of the patents includes an innova-
tion; including the use of embedded steel, several 
manufacturing techniques and specific acoustic 
properties. For instance in the patent No. 548,160 
(Fig. 2) Rafael G.E. invents a tile that is easy to 

Figure 1. Comercial advertisement on the Guastavino 
Fireproof Construction Company.

Figure 2. Guastavino Patent No. 548,160, Building 
Tile, 1895.
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transport in blocks of four tiles and that when 
broken on site presents a more favorable shape to 
transmit loads than the conventional tile.

2.1 Materials

Cohesive construction required three main con-
struction materials: plaster, tile and mortar.

The tile manufactured at that time in the United 
States was thicker and smaller than the ideal tile for 
Cohesive Construction. In addition, Rafael G.M 
had problems acquiring the quantities of brick 
that he needed for his building projects. Quality 
and quantity where not adequate for the com-
pany•s purposes so the decision was made to open 
his own tile factory in Woburn, Massachusetts, in 
the early 1890•s. The company eventually opened 
offices in eleven cities, and their brick factory in 
Woburn turned out as many as nine hundred thou-
sand bricks per year. One of their standard sizes 
was the 15 x 30 x 2.54 cm but they worked with 
many different sizes and shapes depending on the 
project and position of the bricks in the vaults.

With regard to the mortars used, particu-
larly for the soffit layer, there remain a number 
of uncertainties. The quality and easy access to 
Portland cement is one of the reasons why Rafael 
G.M. chose the United States. In general terms, 
he used plaster of Paris or a quick setting kind of 
natural cement mortar for the first layer or soffit, 
and a high strength mortar for the next layers and 
possibly a third type for the decorative layer and 
exposed joints. It is known that he used Portland 
cement but it is unclear whether he used additives 
or different proportions depending on the size of 
the vault and the position of the layer.

There are not enough photographs or docu-
ments to clearly understand the process of the 
construction technique. Some vaults were fin-
ished with a decorative layer set after finishing the 
structural vault while some others show the first 
layer serving structural and decorative purposes 
simultaneously.

2.2 Evolution: from traditional timbrel vault to 
the dome of Saint John the Divine

The earliest known example of thin vaulting in 
Spain is the gothic vaults that cover small areas of 
the Convento de Santo Domingo (14th century) in 
Valencia (Fig. 3). These are groin vaults that have 
stone ribs above which the space is closed by tim-
brel vault. The geometry (around 16 m2) and the 
technique is simple. It is evident that the mason did 
not master the art; the tiles are set arbitrarily and 
the joints are not homogeneous, which is reason-
able because the vaults were meant to be plastered 
or rendered as was typical at the time not only in 

this convent but in Spain; Catalan vaults were typi-
cally rendered after built with lime mortar or plas-
ter as the completed interior finish.

The combination of structural utility with aes-
thetic consideration is one of the main distinguish-
ing concepts that Rafael G.M. introduces in his 
vaults in the United States. Distinguished from tra-
ditional constriction in Spain, in the United States, 
his design solutions allows them to be seen. A good 
example is the Boston Public Library (1889), his 
first large commission and a turning point in the 
evolution of the Guastavino Company. In this 
structure he uses seven different tile patterns with 

Figure 3. Timbrel vaults at el Convento de Santo 
Domingo in Valencia (de Miguel & Pardo).

Figure 4. General view of arch and vaults in the Michi-
gan Central Station in Detroit, built in 1913 (Diebolt).
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excellent results offering the building as a showcase 
for his capabilities (Fig. 5).

Following this successful project, and after 
opening the Woburn tile factory, he not only plays 
with patterns but also with colors and textures. He 
introduced the glazed tile and colors in infinite 
combinations.

In structural terms Rafael G.M. improves its 
technical skills designing increasingly larger vaults 
and domes, far exceeding the dimension achieved 
in Spain. The main dome of Saint John the Divine 
in New York, finished in 1909, has a diameter of 
thirty meters and is located at forty meters from 
the floor. He achieved such master pieces by add-
ing brick layers, refining the structural design and 
introducing steel elements.

Another technical improvement that the Com-
pany introduced modified the acoustic proprieties 
of vaults and spaces, by studying and conscien-
tious use of the tiles• physical proprieties (density, 
porosity, reflectionƒ). Many of these develop-
ments were made in collaboration with the pio-
neering acoustician Wallace Sabine.

3 GUASTAVINO VAULTS TODAY

The Guastavino Fireproof Construction Company 
ultimately closed its doors in 1963. Rafael G.E. 
had died a decade earlier. Furthermore, changing 
architectural styles, the post war rise of an indus-
trial, rather than hand-made aesthetic, and devel-
opment of thin reinforced concrete shells, concrete 
and steel frames and metal and glass curtainwalls, 
resulted in the inevitable decline of Guastavino•s 
work and its curves, despite its beauty and techno-
logical innovation. The demolition of Pennsylvania 
Station in Manhattan is but one painful example 
of a lack of appreciation for that aesthetic.

Fortunately, Professor George Collins, from 
Columbia University, rescued the incomplete but 

extensive archives of the Guastavino Fireproof 
Construction Company from a dumpster as the 
Woburn office was being cleaned out. These are 
now available to researchers at the Guastavino 
Fireproof Construction Company/George Collins 
Archive within Avery Library at Columbia Uni-
versity in New York.

Nowadays there is a growing interest in the 
Company and its vaults, considered a blend of art 
and technology. Students and professionals learn 
how to build Guastavino vaults through hands-on 
workshops in Universities like the Massachusetts 
Institute of Technology or the University of Utah 
or organized by prestigious institutions like the 
Association of Preservation Technology Inter-
national. The exhibition Palaces for the People. 
Guastavino and America•s Great Public Spaces has 
been a great success in Boston, Washington and 
New York.

Nowadays there is a growing interest in the 
Company and its vaults, considered a blend of art 
and technology. Students and professionals learn 
how to build Guastavino vaults through hands-on 

Figure 5. Different patterns shown at the Boston Public 
Library (de Miguel & Pardo).

Figure 6. Detail sheet form the Guastavino Company 
of a general gothic church.
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workshops in Universities like the Massachusetts 
Institute of Technology or the University of Utah 
or organized by prestigious institutions like the 
Association of Preservation Technology Inter-
national. The exhibition Palaces for the People. 
Guastavino and America•s Great Public Spaces has 
been a great success in Boston, Washington and 
New York.

Over the years, many Guastavino vaults have 
been demolished. The recent increasing interest in 
the work of Guastavino•s father and son is develop-
ing awareness among experts and institutions such 
as Landmarks Conservancy in New York City.

A Guastavino renascence os currently under-
way and both builders and architects are showing 
an interest in the Cohesive Construction System 

Figure 7. Random image of the site www.guastavinomap.com (de Miguel).
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which, may also be considered as a sustainable 
technique with countless stylistic, engineering and 
aesthetic possibilities.

4 SEARCHING FOR GUASTAVINO

In almost 80 years the Company participated in the 
design and construction of more than one thou-
sand buildings, in ten different countries. Although 
there is a document by Professor Collins listing all 
the buildings he found on the Company•s records, 
there are many others that are not listed or waiting 
to be found.

The complexity of cataloging such vast work 
makes difficult the study and documentation of 
Guastavino•s work. To that end, the authors of this 
paper have created an interactive tool based in a 
geographic website called www.guastavinomap.org 
(Fig. 8) The interactive map consists of a world map 
indicating a pin locating each building; clicking on 
that pin displays a database record with a photograph 
and other fields containing information about

the building: Including Name, Address, GPS 
Coordinates, Year of Construction, Design Archi-
tect, Type of Structure, Guastavino Work, Avery 
Records, State of Existence (demolished or not 
demolished), Landmark Status, and Author of the 
record. The site also provides the user with a fil-
tering system that enables the researcher to filter 
different variables such as Architect, Year of Con-
struction, Type of Structure and Location; if  the 
user needs to visualize only the buildings from cer-
tain years or certain architect, he/she selects those 
filters so that the map would only displays the pins 
representing those buildings.

The total number of Guastavino buildings is 
unknown. This website allows for the addition of 
new building records and encourages contributing 
new discoveries by crediting the researchers. It is 
important to emphasize that only by combining 
efforts will it be possible to develop a complete 
catalogue of the Guastavino•s legacy.

5 CONCLUSIONS

Guastavino•s knowledge was rooted in ancient 
architecture with a modern, prescient look to the 
future.

There are still many uncertainties around the 
Guastavinos•s technique. The authors of this 

paper have undertaken different lines of investiga-
tion including a study of the tile dimensions and 
an engineering timeline that traces the evolution of 
the Guastavino Company. Links to updates of this 
research will be included in the website.

In 1900, American architects were polled to 
choose the ten most beautiful buildings in the 
United States (•Brochure SeriesŽ, VI, January 
1900). Of those that did not antedate Rafael•s 
arrival in theUnited States, all but two were of 
Guastavino construction. In September 1967 the 
New York Chapter of the American Institute of 
Architects made a selection of the thirty-eight 
outstanding Manhattan buildings of the past 100 
years; of the twenty-two that were constructed dur-
ing the years of Guastavino Company existence 
more than half  are in the Company•s inventory.

The Guastavino•s legacy represents an amazing 
example of how an ancient vernacular construc-
tion technique can be adapted to a new time and 
with a significant impact in a new country and 
become a modern and innovative technique within 
the context of a developing industrialized scale.
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Log driving on the Turia river: Spain: Provisional structures
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ABSTRACT: The transportation of timber by floating logs on the rivers in the Valencian region was a 
practice that dated back to the Arab period. In this way most of the timber was brought to the cities to 
support the construction of traditional architecture. Log drivers, gancheros, were in charge of the trans-
portation. Along the river Turia, the dangerous points along the itinerary, the passage through numerous 
dams and the complicated arrival to the city were difficulties overcome with the construction of several 
provisional structures that prevented damages and helped the logs to flow with the water. After an intro-
duction to log driving on the Turia, the paper describes the different provisional structures and highlight 
in which occasions and places were used. This information is collected from direct sources, documents 
and literature from the 19th century.

Once arrived in Valencia between the bridges 
of San José and Serranos, the logs were extracted 
from the water and a portion of the embankment 
parapet was disassembled to enable the provisional 
slope built with the same logs to connect the water 
level with the upper promenade. The wood was 
pulled by animals along this surface and piled up 
in order to dry up and be marked by the delegate 
of the Carpenters• guild. The location of this open 
area was close to the walls of the city until the 
beginning of the 19th century, when the logs were 
piled up in Llano de la Zaidia on the other side of 
the river (Fig. 3).

In the last two decades of the 19th century the 
number of drives began to be reduced because 
some wood was redirected to the railway station 
in Utiel. Still at the beginning of the 20th century 
some drives used to arrive to Valencia. Later on, 
they stopped in Vilamarchante, from where the 
wood was transported by train from the nearby 
city of Liria. Finally it became impossible to 
transport the wood along the Turia when a dike 
was built near Benageber creating the reservoir 
of Generalissimo. In 1943 the last maderada took 
place ending, in this way, an almost thousand-year 
old tradition.

2 LOG DRIVERS, GANCHEROS

The transportation of wood was entrusted to these 
log drivers, strong and undaunted men who used to 
leave home during several months a year in order 
to bring the drive down the river to its destination. 
Most of them used to combine the drives with the 

1 LOG DRIVING IN VALENCIA

The practice of log driving along the rivers of the 
Valencian area dates back at least to the Islamic 
period and continues after the Reconquest. This 
practice is reported in the 1268 privilege of Jaime I 
who ensured that the timber transportation along 
the rivers Turia and Júcar would be tax free.

The itinerary of the wood began in winter with 
the felling of trees in the mountains of Castile and 
Aragon. On the same site, the trunks were peeled 
and then hauled by oxen or horses to rollways,, 
sites on the banks of the river where the logs were 
piled up and, when the time came, rolled into the 
water to commence the drive.

In other regions of Spain, where the rivers are 
wider, like the Ebro, rafts made of parallel logs fas-
tened together with ropes were used. In the Turia, 
because of its reduced flow volume and the many 
obstacles along its course, the logs were left to float 
scattered on the water. Today it seems incredible 
that thousands of logs could float along the Turia, 
nevertheless it is necessary to consider that, in the 
past, the river flow was higher and the operations 
were carried out in the rainy months.

The men who were engaged in the arduous task 
of driving the logs down the river, procedure called 
maderada, were admired by their contemporaries 
because of the difficulty and risks that entailed 
the job. The log drivers, gancheros, not only had to 
guide the wood but were also involved in an actual 
construction and deconstruction work because, 
during their travel, they had to repeatedly create 
different kind of provisional structures with the 
same logs that were transporting.
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seasonal work in the field since the first used to run 
in the winter while the latter during the summer.

The essential tool for the task was the pike pole, 
gancho, which had an approximately 2 m long stick, 
usually made of hazel, juniper or pine wood and 
that incorporated a hook of hardened steel with 
two sharp branches, a straight and a curve one. This 
instrument was capably used to push and pull the 
wood, break log jams and to help the log drivers to 
keep their balance while surfing on top of the logs.

The organization of the workers was pyramidal. 
They were divided into crews comprised of a dozen 
individuals. Each crew was controlled by a leader, 
cuadrillero, who directed the work of his men and 
acted as an intermediary between the plain log 
drivers and the foremen, mayorales. These foremen 
were in charge of two or three crews and reported 
directly to the master of river who was the ultimate 
responsible for the drive and that sometimes was at 
the same time also the trader.

There could had been up to 150 men working 
in the same drive but, among all crews, the best 
log drivers were chosen to form the front and rear 
crews, that were respectively the first and the last 
ones of the drive. This careful selection was neces-
sary because special tasks were carried out by these 
men. The front crew was the one that should build 
all the provisional structures necessary to make 
possible a safe and swift floating of the logs. The 
role of the rear crew was to undo these structures 
and to collect all the logs that remained stranded 
on the river banks.

Each crew worked independently from the other 
communicating with conventional signs because, 
due to the noise of the water, it was impossible to 
understand shouting.

Along the drive, the movement of the cen-
tral crews was rotatory. The front and the rear 
crew used to move along with the logs while the 
other crews were positioned in specific areas, and 
remained in these places while the logs were flow-
ing in front of them, using their pike pole to keep 
the wood parallel to the current. When the rear 
crew, moving forward, reached the working area 
of the second-to-last crew, this one left its position 
and moved rapidly to the area just behind the front 
crew, where a section without any log drivers was 
created as the front crew moved forward with the 
head of the drive.

3 TYPES OF PROVVISIONAL 
STRUCTURES

The river Turia has a very rough course in its upper 
part as it flows through steep slopes and canyons 
with the unpredictable presence of large boulders 
on its stream bed. Considering so, the main work 

of the log drivers was to build provisional struc-
tures with the aim of preserving the integrity of the 
wood and to prevent the logs from crashing against 
the surrounding rocks.

Moreover, when the river reached the plain, 
frequently the current of water was not enough 
to push the floating logs so, in order to get the 
necessary flow, barriers were built with the logs 
to produce a provisional dam. This solution was 
frequently used when an irrigation weir had to be 
overcome. With the barrier set, the level of water 
raised and the floating logs could be diverted to the 
intended spot and pass the weir without crushing 
with the masonry construction.

In each occasion different needs emerged and 
the provisional structures required various specific 
features to face them. The main types of provi-
sional structures were: tijeras or asnados, picaderos, 
adobos and tabladas (Fig. 1).
The tijera or asnado.

It was an auxiliary element was a simple struc-
ture. It consisted of a row of logs tied together 
with a long rope fastened to some trees on the two 
banks that crossed the whole section of the river. It 
was usually built in a bend of the river, without dis-
turbing its flow, as a sorting boom that helped to 
create a pond where the logs could be easily taken 
out from the water during their journey.
The picaderos.

They consisted of a small barricade made with 
logs bound together and supported by rocks or 
river banks, creating in this way a sort of wide wall. 
They were used to avoid groups of rocks or sudden 
bends in the course of the river. These structures 
were placed diagonally and upstream of the obsta-
cle in order to deflect the flow of water. From their 
upper surface the workers complied with their 
tasks of driving the logs. Picaderos were widely 
used along the city section of the river.
The adobos.

They were built between two ledges or around 
small waterfalls to allow the smooth passage of 
logs and prevent them from jamming. It consisted 
of two walls made with interlocked logs near the 
banks of the river. It had the function of damming 
the water and directing its flow, along with the 
logs, through the 1 m width sluiceway that was left 
between the two constructions.

First, some logs called agujas had one of their 
extremities fixed inside the stream bed and the 
other resting on top of the rocks or the river bank. 
On top of these the travesas were placed perpen-
dicular to the current of the river. The two pro-
cedures were repeated applying group of wood 
elements one on top of the other. All gaps between 
the timber elements were filled with brushwood in 
order to hold back water upstream and increase 
the volume of flow through the sluiceway.
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Sporadically, crossing the channel, some logs were 
arranged forming a sort of bridge called pontón, 
from which the log drivers were controlling the 
drive. This kind of bridge was also placed across 
the river where it had a narrow section and very 
high and steep banks, so that the log drivers could 
push and pull the wood from above.

The ahujados (from the word aguja) mentioned 
in the next chapter were most likely a sort of ado-
bos of reduced dimensions.
The tabladas.

They were the largest constructions that the log 
drivers used to build. In case of remarkable rapids 
and dams, these structures were used to raise the 
water level as well as to create a provisional wide 
reduced, but deeper, stream bed so that the logs 
would not crush with the rocks underneath. This 
kind of construction was used especially to protect 
irrigation weirs and other architectural element 
that the drive would encounter.

The construction of tabladas started, similarly to 
adobos, inserting some logs in the stream bed both 
upstream and downstream from the weir. After-
wards, on top of these elements, overlapping levels 
of horizontal frames made with logs were superim-
posed and some other pieces of wood were stacked 
on top to improve stability. Finally the structure 
was filled with brushwood. These constructions 
reached great extensions creating a sort of big steps 
leaving only one reduced channel for the water to 
pass from the artificial basin created to the lower 
pond.

The main characteristic feature of tabladas was 
that the stream bed of the channel was made of 
timber converting it in a proper sluiceway. Four or 
five pieces of squared timber, called lenguas, were 
placed parallel to the current with one end attached 
or supported by a crossing element, frontin (like in 
the adobos), forming altogether a smooth surface 
called indeed tablada. Along the entire length of 
the channel two lateral walls were built with long 
parallel squared beams.

So finally the structure consisted of an apron 
built between two cribs to narrow the area of pas-
sage and direct the movement of the logs. This 
would also confine a head of water, thus increas-
ing its velocity and giving the logs an extra push. 
However, with the augmented volume of flow 
there might have been a risk for the logs to crash 
downstream after passing through the sluiceway 
creating a digging in the stream bed so, in order 
to prevent it, another barrier that would create a 
deeper pool was usually built downstream.

The common feature of all the above-mentioned 
structures is that they were temporary elements 
built with the same material that the log drivers 
were transporting so the work along the river was 
a never-ending construction site.

Figure 1. Types of provisional structures made by 
the log drivers. From top: Picaderos, adobo, tablada 
(Diodato).

At the upper gate of this central channel, a 
beam called frontin was laid across the river and 
it was held from the lower part of the two lateral 
structures so that the logs had to pass over it. 
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In both cases it was necessary that the stakeholders, 
who were the water control supervisors of the irriga-
tion ditches, and the representatives of the adminis-
trations, could review and advise on the subject.

In the lowlands there was a water control super-
visor for each of the separate ditch networks that 
irrigate the fertile land of the Valencian inland (Mon-
cada, Benacher, Faytanar, Cuarte, Mislata, Tormos, 
Rascaña, Mestalla and Favara). Their interests were 
opposite to the transporters: the first one needed the 
water for the cultivation, especially in spring, and the 
second one needed a sufficient volume of water flow, 
especially while passing through the lowlands.

The bureaucratic steps were: the application to 
acquire the permission, the recognition of the area 
before the drive passed, the authorization delivered 
by the administration with compulsory recommen-
dations for the operation of log driving and finally 
a new recognition of the area afterwards.

Usually, the permission was granted with some 
conditions, for example, while the logs were pro-
ceeding through the weirs, a dam custodian should 
had overseen the process and the transporters had 
to compensate any damage to the constructions.

The most important condition was that the logs 
had not to cross the crest of the weir but should 
pass through the lateral discharge gate and channel 
under penalty of a 30 or 45 reales fine for each log, 
unless the crossing was caused by a sudden flood, 
not unusual in the Turia.

In order to follow these restrictions the log 
drivers had to build a tablada in each of the weirs 
across the river so that, not only none of the logs 
would cross their crests, but also to prevent dam-
ages caused by the impact of the wood with the 
other masonry element, damages that, as men-
tioned they had to compensate and that would 
raise the cost of the transportation.

4.3 In Valencia

Once the drive arrived at the gate of Valencia, as 
mentioned, a different permission had to be issued 
with the same characteristics of the previous one. 
Since, in this case, the architectural elements were 
bigger and more important, the specifications were 
more detailed.

First, the drive had to cross the potable water 
dam. In this case, the recommendations of the 
experts, given during the recognition previous 
to the issuing of the permit, were simple. They 
included mainly the construction of an ahujado 
upstream, so that the logs were gathered together at 
a certain distance from the weir. Moreover, the logs 
had to pass through the discharge gate forbidding 
crossing the weir•s crest. From 1863 is added to the 
recommendations the construction of a tablada 
on which had to pass the wood without touching 

4 USE OF PROVVISIONAL STRUCTURES 
ALONG THE TURIA, DOCUMENTAL 
PROOF

4.1 Upper course

The journey of the drive used to begin in the roll-
ways on the banks of the river Turia and three 
months later used to end in Valencia. This trans-
portation went through some remarkable and dif-
ficult points where the structures described in the 
previous chapter had to be employed.

The forest engineer J. Navarro Reverter joined 
and described one of the 19th-century drives stat-
ing that •the first obstacle that the drive finds is the 
weir of Santa Cruz, where the first tablada is made. 
[ƒ] Other bad spots, always overcome with one of 
the described structures, give variety to the journey 
until leaving the municipality of ChelvaŽ (Navarro 
Reverter, J. 1872).

After passing through the municipality of 
Chelva and Domeño the river Turia receives the 
waters of the tributaries Tuéjar and Loriguilla, 
reaching then the town of Chulilla. This was the 
most dangerous point because it is a deep pit that 
saves almost 200 m of altitude in 10 m in length 
and was not possible to drive the logs with the pike 
pole from the bank or from self-made bridges so, 
after a long preparation, the logs were left to their 
fate. It was not uncommon the formation of a log 
jam that prevented the wood to move. In those 
cases a log driver had to descend the canyon tied to 
a rope to cut with an axe the obstacles often paying 
with his life this audacity.

The journey of the drive from Chulilla to Valen-
cia was much calmer and was troubled only by 
numerous weirs and dams. Since ancient time, the 
networks of ditches have been used to irrigate vast 
areas of crops redirecting, for this reason, waters 
from the river to the neighbouring areas. Accord-
ing to Navarro Reverter, the dams that were part 
of the irrigating systems were 22 from Torrebaja to 
Bugarra and 16 from that town to the sea.

4.2 The lowlands

Log drivers could transport wood without having 
to pay taxes, but they were required to apply for 
permissions. In the mountain villages, the records 
of these applications are kept in the respective 
archives of each city council. However this part 
of the study is focused on the applications regard-
ing firstly the crossing of the irrigation weirs in 
the Valencian lowland (Archive of the Provincial 
Council) and secondly the authorization needed for 
the operations of arrival and extraction of the logs 
in Valencia (Municipal Archive of Valencia) both 
concerning the central decades of the 19th century.

Vernacu_Book.indb   252Vernacu_Book.indb   252 7/31/2014   7:40:45 PM7/31/2014   7:40:45 PM



253

the stream bed because an excavation underneath 
the weir was already endangering its foundations. 
It is likely that this operation was also previously 
done and that it was simply not included in written 
manuscript. This structure had to start from the 
glacis, the slope that begins from the crest of the 
weir, up to a length of 5 to 6 m downstream, which 
was the size of most of the wood pieces. In 1871 
further details were added to the construction of 
the tablada, requiring the covering of the sides of 
the sluiceway in order to preserve the vertical faces 
of the draining gate and channel.

However, in the same archival documents, the 
most important and interesting information refers 
to the numerous structures that had to be built to 
protect the massive architectural elements near the 
river while arriving to the extraction point. In the 
city portion of the Turia, embankments, wingwalls 
and wing dams were usually in good shape even if  
some loose rubble could have been found pulled in 
the middle by the current. Consequently the instruc-
tions given by the experts to avoid damages were very 
exhaustive and specified precisely each and every 
point where a protective structure was needed.

In the documents found from 1843 to 1863, rec-
ommendations vary little over the years, changing 
the number of necessary ahujados and picaderos, 
their size and layout; after that year, the same 
instructions were probably given orally.

In order to identify the location required for the 
many structures, a concrete reference was needed.

Along the itinerary of the recognition previ-
ous to the issuing of the permit, up to the Ser-
ranos bridge, there were a number of identifiable 
elements along the river promenade on the right 
bank. These elements were used to designate the 
places where the log drivers hat to build their pro-
tective provisional structures. Most of these ele-
ments were stone benches carved in the parapet 
of the embankment. The relevant fact is that these 
benches were numbered and, in some cases, the 
number was engraved on their backside (Fig. 2).

Thanks to this information, is known now that 
there were at least 32 benches, some of them dated 
from 1756 to 1772. Most of them still exist and can 
be easily recognized walking along the right bank 
of the Turia. On the left bank there are no benches 
but two round lookouts and a square one.

In Figure 3 all the mentioned seats and other 
relevant elements are located. The number given 
to the benches corresponds to the real one; this is 
why numbers 19 and 31 are missing since probably 
they were destroyed during the construction of two 
new bridges. The elements that have an asterisk (*) 
in Figure 4 is because they still have their number 
engraved on the back.

Corresponding to each bench, located at the 
promenade level, there is a wing dam at the water 

level (Fig. 2). The volume and the pyramidal shape 
of this element used to interfere with the flow of 
the water and received constant erosion, especially 
in occasion of floods. In this context the drive of 
logs was an additional reason of concern. In the 
documents, the experts doing the recognition used 
the numbers on the benches to indicate where the 
log drivers had to build their structures because, 
doing so, they could guarantee the protection of 
the wing dams. For the same reason special atten-
tion had to be paid approaching the bridge of San 

Figure 2. Details of the stone benches and correspond-
ing wing dams located along the city part of the Turia. 
Benches number 16, 2 and 4 (M. Diodato).

Figure 3. Position of the numbered stone benches. 
Course of the river Turia. Map extracted from Plano 
General de Valencia, 1925 (VVAA 2004).
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José, which was the last and most remarkable con-
struction encountered by the drive. In this case, 
the logs had to pass through the 3rd or 4th arch in 
the middle in order to be kept away from embank-
ments and wingwalls.

A synthetic overview of the documental analysis 
can be seen in Figure 4. The table shows that the 
places where the log provisional structures had to 
be built were consistent during the years and that 
not all the wing dams needed them.

The cause of this approach is made clear com-
paring the last two figures. When the river turns 
and its flow goes near to the embankments, there is 
where the log drivers had to build their structures 
because in those areas was more probable that some 
logs crashed on the stone masonry constructions.

This fact clearly shows the relationship between 
the geography of the course of the river, the archi-
tectural elements along it and the temporary log 
constructions.

5 CONCLUSION

In the traditional way of transporting wood along 
the river Turia, the main task of the log drivers 
involved was the construction and deconstruction 
of provisional structures made with the same logs.

These structures had two main purposes. In the 
first place, in the upper part of the river, where the 
topography is uneven, the logs were assembled in 
order to build a sort of provisional log flume and 
prevent log jams. On the other hand, when the 
wood arrived towards the final part of its journey, 
where the water is less wild, the logs were used to 

build protections to weirs and wing dams, in par-
ticular inside the city part of the river.

The description of these procedures appears in 
several archival documents concerning log driving 
because when the drive had to pass through the 
weirs of the Valencian lowlands and arrive to the 
city, it was necessary for the carriers to apply for a 
specific permission that took account of a recog-
nition done before the transit. In this survey, the 
consulted experts used to make recommendations 
on where to build the provisional protecting struc-
tures in order to avoid damage to the architectural 
elements. To identify the places where they had to 
build the mentioned structures the experts would 
refer to the location of stone benches positioned 
along the river•s parapet. Some of these benches 
had identification numbers engraved on their back 
and surprisingly most of them still exist.
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Local seismic culture and earthquake-resistant devices: Case study 
of Casa Baraccata
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ABSTRACT: In the contexts of high seismic activity, such as the Mediterranean area, many local com-
munities have developed strategies for managing such a risk, adapting all available resources for creating 
earthquake-resistant rules, shaping not just a particular building culture, but a complex local seismic 
culture: earthquakes become part of the experience of the community and part of the collective identity 
of the group, that joins together the efforts to achieve the stability of the building environment. The paper 
investigates on and analyses the contribution of Mediterranean local building culture in the strategies 
of defence against earthquakes, through their conditions, logic and specific devices. This paper presents 
those technical building devices, which are strictly connected to the local seismic culture, and describes in 
detail the techniques that use timber framed structure, coupled with earthen and stone masonry, to absorb 
loads horizontally.

The extraordinary quality of some of the prac-
tices and constructive traditional advice, and their 
relevance over times and during seismic phenom-
enon, prompt us to investigate these techniques, in 
order to understand them and codify the tacit rules 
to regulate local earthquake-resistant systems.

INN-LINK-S (Innovation of Local and Indige-
nous Knowledge Systems) Research Centre defines 
its own research on local knowledge systems as 
strategic element in the process of local sustain-
able progress, able to improve the lives of people. 
According to a systemic approach, we believe that 
the knowledge of material factors and immaterial 
ones have to be integrated to codify the tacit varia-
bles of a local building culture, and to transmit this 
knowledge to the experts, as a resource for resto-
ration and contemporary constructions, as well as 
to the local communities, that must take an active 
role in the transformation of their environment. In 
the study of the local seismic culture in vernacular 
architecture our mission is to define the instruments 
of analysis, codify the tacit rules that determine the 
technical devices that have been developed over cen-
turies of experience by the communities, improve 
and innovate them, and disseminate this knowledge 
in order to reduce the vernacular architecture vul-
nerabilities (Dipasquale et al, 2011).

In this paper we investigate the concept of local 
seismic cultures and we identify some of the strat-
egies developed in the Mediterranean vernacular 
architecture to protect buildings against earth-
quakes. Masonry reinforced with Timber struc-
tures is selected as a representative typology for 

1 INTRODUCTION

This paper investigates the contribution of indig-
enous and vernacular cultures in the strategies of 
defence against earthquakes, through their condi-
tions, logic and specific devices. The starting point 
is the fact that many of the current findings on 
the reinforcement of masonry and earthen build-
ings have interesting and ingenious precedents in 
the traditional techniques of the cultures in the 
Mediterranean, Balkans, Middle and Far fast. 
While maintaining a poor local language and tacit 
building rules, many of these architectures have 
developed the ability to adapt to the surround-
ing environment and live with the inherent risk of 
earthquakes. The necessity to rediscover the rules-
of-the-art and the techniques used in historical 
buildings have been acknowledged in the recent 
scientific debate and a deeper understanding of 
the peculiarities of such artefacts is considered of 
fundamental importance for the research of com-
patible and effective procedures, for the seismic ret-
rofitting of historical buildings.

2 BACKGROUND AND RESEARCH 
METHOD

In regions affected by frequent and high intensity 
earthquakes, local communities have developed 
strategies to protect themselves from the risk, such 
as building systems or specific devices, designed to 
reduce the vulnerability of their building habitats.
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seismic building techniques. The case-study of 
•casa baraccataŽ, which arose in Calabria (south-
ern Italy) following the 1783 earthquake, will be 
deeper described and compared to others timber 
framed structures used to reinforce masonry in 
seismic Mediterranean areas.

The aim of this contribution is to better under-
stand and enhance the earthquake-resistant contri-
bution of traditional devices in order to identify 
suitable methods for protecting and reinforcing 
buildings against earthquakes, geared as closely as 
possible to the specific features of ancient build-
ings in the local area.

3 LOCAL SEISMIC CULTURES

In a given society, the existence of a local build-
ing culture implies the development of a process 
of awareness and sedimentation of knowledge on 
the tacit rules that define the constructive systems. 
A seismic culture can be described as the entirety 
of knowledge, both pragmatic and theoretical, that 
has built up in a community exposed to seismic 
risks through time (Homan et al., 2001). The local 
seismic cultures include the earthquake-resistant 
regulations which have not been formally laid out in 
written code but which are still visible in the build-
ing characteristics, in the choice of the site and in 
the general layout of the territory (Ferrigni, 2007).

The origins and persistence of a local seismic cul-
ture can be determinate both by the scale of intensity 
and the frequency with which the earthquakes occur, 
and the economic and social conditions, including 
resource availability and the cultural traditions (Fer-
rigni et al, 2005). The ancient builders used all the 
well-known constructive criteria and devices to build 
houses able to resist earthquakes; perfecting them 
with time and experience, and comparing the per-
formance of these systems with respect to the effects 
caused by earthquakes. In this way a process of 
technical evolution by experimental testing has been 
developed, that is based on the direct observation of 
the real behaviour, following telluric forces.

However, in areas where violent earthquakes 
have very long return periods (as for example in 
Italy), local earthquake-resistant devices are imple-
mented in the period following the event, but the 
seismic culture becomes more and more weak over 
the years, ending in the the loss of the risk aware-
ness by the community.

Earthquake-resistant vernacular reinforcements 
are numerous, and in a lot of instances, depend on 
available materials, local building cultures and the 
skills of the builders. Recurring defence mechanisms 
consist of: metal lacing systems, buttresses, large sec-
tion walls, reinforcing arches, technical solutions with 
the purpose of maintaining the box-like behaviour.

Amongst the ancient cultures the Cretan (2000…
1200 BC) and Mycenaean (in the fourteenth cen-
tury BC) had developed a great sensitivity towards 
earthquakes. Archaeological excavations have 
revealed some of the devices used in the ancient 
buildings. Amongst the remains there exists 
masonry composed of limestone and gypsum 
stones, where some of stone elements are placed 
systematically in the direction perpendicular to the 
wall. The walls intersect each other tightly and, 
always crossing at right angles, form dense rectan-
gular mesh networks. This planimetric configu-
ration allows the creation of patterns capable of 
withstanding strict regimes of dynamic stress. In 
addition, the work of archaeologists have unveiled 
inside the large stone blocks, the housings of large 
pins crossing the rocks to accommodate wooden 
connecting elements, with the purpose to keep the 
various blocks connected and to give a strong plas-
ticity to the whole structure.

In ancient Roman building traditions, rows of 
bricks were set down horizontally through the 
conglomerate wall section, functioning not only to 
connect and reinforce, but at the same time serving 
to interrupt the possible spreading of cracks. This 
technique is still visible in many walls of the Italian 
historic cities.

In seismic regions where stone, earth or bricks 
masonry is the prevalent building technique, the 
most frequent prevention and/or reinforcement 
measures consist of adopting the mechanism of 
mutual contrast between (or part of) the buildings to 
counteract horizontal forces. (Pierotti et al, 2001).

Some traditional devices used to counteract 
horizontal forces are: spurs, buttress, wall braces, 
stairways, loggias, open gallery, and contrast arches 
which are often located at floor beams level (fig. 1).

Other preventive measures in the history of local 
building cultures relate to the implementation of 
design criteria for settlements. An Italian example 
can be seen in the cities located in the South-East 
of Sicily, rebuilt after the 1693 earthquake. This 
catastrophic event completely destroyed sixty cit-
ies, leaving others badly damaged.

Reconstruction began almost immediately after 
the earthquake: the new urban plans are based on 
linear and reticular patterns, very different from 
the previous organic medieval schemes; streets are 
larger with ample spaces, such as squares, designed 
in order to create outdoor safe zones in case of 
earthquake. The new buildings present as a rule a 
stone load bearing walls separated by 4 to 6 m, and 
two floors. The ground floor is generally used as 
a storehouse, stable or service room. It is covered 
by a vaulted structure made of squared stones and 
mortar (contributing to lowering the gravitational 
centre of the building) while the intermediate one 
present a lighter wooden framed floor.
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Another prime example of urban anti-seismic 
reconstruction design is the •Baixa PombalinaŽ, 
the historical downtown of Lisbon, rebuilt after 
the disastrous 1755 earthquake into sixty blocks, 
mostly rectangular, consisting of seven buildings 
each. The buildings of each block are constructed 
side by side, sharing the same gable walls (called 
gaiola). The rectangular blocks were designed to 
form an orthogonal grid of streets; the width of the 
main streets was approximately equal to the height 
of the façade, being constant for all the buildings.

4 TIMBER FRAME AS EARTHQUAKE 
RESISTANT REINFORCEMENT

In areas where earthquakes are endemic, a recurring 
strategy is the use of wooden elements as devices 
to improve the earthquake-resistant performance 
of the building, and also to increase the structural 
behaviour of the stone, adobe or bricks masonries.

The great elastic properties of wood, its charac-
teristics of flexibility, lightness and deformability 
without reaching the breaking point, offers good 
resistance capacity against horizontal loads, and 
enables the dissipation of substantial amounts 
of energy. Moreover, timber elements divide the 
structure into sections, which prevent the spread 
of cracks occurring in portions of the masonry.

There are many past examples that show how 
traditional wooden structures have demonstrated 
good performance during seismic events. By cre-
ating horizontal and vertical connections, wooden 
devices applied to structures with good compres-
sion behaviour (such as stone, adobe or brick 
masonry) can improve the resistance to shearing, 
bending and torsion forces. There can be various 
uses of wood as earthquake-proof reinforcement 

material, but two main categories can be found: 
the hooping and the frame systems (Figs. 2…3). The 
first (Fig. 2) provides the arrangement of the circu-
lar or square section wooden beams, horizontally 
disposed within the load-bearing masonry during 
the construction phase. In many cases two beams 
are used, one to the inner side of the wall and the 
other to the outer, connected by transverse wooden 
pieces. The empty spaces between the beams are 
filled with fragments of brick or stone. Interlock-
ing systems of nailing•s are used for the connections 
between perpendicular elements. The ring beams 
can be inserted at the height of the floors, in corre-
spondence to the openings and lintels or regularly 
distributed along the height of the construction.

The wooden frame system (Fig. 3) is instead 
articulated in round or square section beams and pil-
lars, and frequently, diagonal bracing elements. The 
empty spaces defined by the frame are filled with 
locally available materials (earth, stone or brick).

If  the beams are not as long as the entire wall, 
timbers are connected together through elaborate 
interlocking systems. In some cases the longitudinal 
beams are held together in the thickness of the wall 
by transverse elements that are wedged or nailed, 
and the corners present additional reinforcement.

Figure 1. Traditional devices used to counteract hori-
zontal forces in Lunigiana, Italy (L. Dipasquale).

Figure 2. Timber hooping. The building system scheme; 
example of a building in Antartiko, Greece. Drawing: D. 
Omar Sidik. Photo: S. Mecca.

Figure 3. Timber frame System. The building system 
scheme; example of a building in Kastaneri, Greece. 
Drawing: D. Omar Sidik. Photo: S. Mecca.
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One of the most ancient examples in Italy of 
timber-frame buildings techniques is the opus 
craticium by Vitruvius, today visible in some of 
the surviving houses of the archaeological sites 
of Herculaneum and Pompei. The opus craticium, 
was largely diffused in the Roman Provinces, and 
later developed in different ways in a large number 
of Mediterranean and European areas.

Relevant examples of timber frame structures 
together with masonry can be found in Turkey, 
in Greece and parts of Eastern Europe. In these 
countries common traditional buildings techniques 
are based on the use of masonry laced bearing wall 
constructions on the ground floor level, and lighter 
infill-frames for the upper stories. The ground 
floor masonry walls are often laced with horizontal 
timbers; these elements can be thin timber boards 
laid into the wall placed so that they overlap at the 
corners or squared wooden beams.

A very significant example of the use of timber 
framed structures for masonry anti-seismic rein 
forcement is the so-called •gaiolaŽ system, diffused 
in Lisbon after the earthquake of 1755. The tech-
nique of Gaiola includes the use of the •Pombal-
inoŽ wall. This system consists of a set of timber 
members, embedded along the inner face of the 
main stone masonry façade wall. The timber ele-
ments are made of oak or holm oak squared beams, 
with a section of 9…12 cm2. The wooden elements 
of the structure are framed forming a pair of cross-
ing braces, called in Italy St. Andrews Cross and are 
connected with both the walls and the floors tim-
ber beams, forming a cage (gaiola) (Ruggeri et al, 
1998, Gulkan, 2004, Paula et al, 2006).

The frame is filled with brick, whole and bro-
ken pieces, and stone rubble. The interior walls 
are covered with plaster, hiding the infill and the 
timber frame. The building is no more than four 
storeys high, with masonry arcades at the ground 
floor level, external structural masonry walls (gaio-
las), internal timber-masonry walls (frontais), and 
internal partition walls (tabiques) (Fig. 4). All 

these structural elements combined have very good 
earthquake resistant performances, as many exper-
imental studies have shown.

5 THE CASE STUDY OF THE •CASA 
BARACCATAŽ

The observation of buildings damage and the 
recognition of the validity of the traditional tech-
niques led the rebuilding process after the earth-
quake of Calabria in 1783.

The earthquake that struck Calabria region in 
1783 marked an important milestone in the history 
of the local building culture. The intensity of the 
shocks and the rapid sequence of the aftershocks 
(between 5 February and 28 March there have been 
5 earthquakes and more than one thousand shocks) 
caused inestimable damages and more than 50.000 
dead. The high vulnerability of the built herit-
age, combined with the poor construction qual-
ity, led to the collapse of most of the buildings in 
Calabria, located in more than 180 towns, wholly 
destroyed. After the disaster, the Bourbon govern-
ment sent out a research team from the Neapoli-
tan Academy of Science and Letters in order to 
improve the knowledge and the structural aspects 
of the local constructions. A year after the seismic 
events a remarkable work, •Istoria de• fenomeni del 
tremoto avvenuto nelle Calabrie e nel Valdemone 
nell•anno 1783Ž (Account of the Effects of the 
Earthquake in Calabria in 1783) was published by 
Giovanni Vivenzio. It represents one of the earli-
est concerted responses to earthquake danger, one 
that was lauded by early 20th-century engineers as 
a practical means of providing safe construction 
in earthquake countries. The document drew the 
guidelines to ensure security and stability to the 
structures in case of earthquake. Observing the 
survived buildings behaviour it was detected that 
the structures with wooden connections proved 
a greater resistance. Therefore the building direc-
tives for the construction of new earthquake 
resistant buildings suggested the employment of 
an improved building system, inspired from the 
vernacular technique of casa baraccata (masonry 
buildings whit a simple timber frame structure), 
including at the same time some principles of the 
1755standard of Lisbon gaiola system.

5.1 The •casa baraccataŽ building system

The structural system of the •casa baraccataŽ, 
composed of a wooden structure in-filled with 
cob, adobe and/or stones, was present in central 
and southern Italy from the fourteenth century. 
The wooden elastic properties were widely known, 
however, the timber was used without any particu-
lar attention to the join between beams.

Figure 4. Gaiola building system. Credits: D. Omar Sidik.
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The term •casa baraccataŽ originally identified 
the traditional temporary shack (baracca in Italian) 
built as shelter immediately after the earthquakes. 
Historical documents testify the wide usage, and 
good behaviour of the traditional casa baraccata, 
diffused in the seventeenth century (Ruggeri, 1988).

The building system designed by Giovanni 
Vivenzio after the earthquake of 1783 presents a 
more rigorous architectural scheme where specific 
devices act to create solid connections and develop 
a good box-like action between all the elements of 
the building (Fig. 6). Earthquake resistant buildings 
should present one or two floors, with a regular 
and symmetrical plan. The system should con-
sist of timber frame structures with infill stone or 
adobe (locally called vriesti, bresti or mattunazzu) 
masonry. The frame elements are covered externally 
with mortar, thus they are protected from deterio-
ration caused by atmospheric agents and by insects. 
The external walled structure is made of straight 
vertical and horizontal pieces, with a square sec-
tion of 10…12 cm. The internal load bearing walls 
include sloping timbers as braces giving extra sup-
port between horizontal or vertical members of the 
timber frame. The connections between the wooden 
beams and pillars should take the form of snaps and 
rivets (Fig. 5) (Tobriner, 1997). The foundations are 
made of stone and the cover is a tile pitched roof. 
The interior walls are often composed of a mesh 
of interwoven canes and/or branches covered by an 
earthen plaster, called •incannicciato.

5.2 Structural behaviour of the •casa baraccataŽ

The casa baraccata can be defined as a •dualŽ con-
struction system, in which the outer walls and the 
inner wooden frame cooperate to provide a resist-
ant behavior both to vertical loads and horizontal 
forces. The inner frame is activated during seismic 
events and provides flexibility to the overall sys-

tem. The members of the wooden structure are 
connected to each other and to the external walls 
through elements of carpentry and/or metal joints, 
to create a more homogeneous and continuous 
structural system. The partition walls, in which the 
wooden beams are placed to form a St. Andrews 
Cross, act as stiffening members and provide a fur-
ther contribution to the resistance against lateral 
forces (Omar Sidik, 2013).

5.3 Present and future implementation of •casa 
baraccataŽ system

The good earthquake resistant performance of this 
system was tested during the earthquakes that struck 
Calabria in 1905 and 1908, registering a magnitude 
of 7: the buildings suffered few significant dam-
ages and limited portions of masonry collapsed; 
the majority of collapses were caused by the loss of 
effectiveness of the connections made by nailing.

In the following decades the •Casa baraccataŽ 
system has not been implemented with the rigor 
and the respect viewed in the extensive literature. 
Many •casa baraccataŽ buildings present insecure 
timber connections; vertical, horizontal and slop-
ing timbers inside the masonry are arranged with-
out logic and rigor. The bad quality of the building 
system processes applied, in addition to the degra-
dation due to time, cannot ensure the survival of 
these buildings in the case of earthquake.

In 2013, a research conducted by the Italian 
National Research Council (CNR-Ivalsa) of San 
Michele (TN) and the Department of Earth Sci-
ences, University of Calabria (UNICAL), scien-
tifically demonstrated the validity of this building 
system. They reproduced a 1:1 scale portion of 
a wall of the bishop house of Mileto (Calabria), 

Figure 6. Casa baraccata. Giovanni Vivenzio drawings.

Figure 5. Casa baraccata building system. Credits: D. 
Omar Sidik.
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consisting of masonry reinforced with timber 
frame, and tested it in a vibrating table, employing 
a gradually increasing series of alternating move-
ments in both directions.

The seismic performance of the walls proved 
to be excellent, with a few minor expulsion of 
masonry, while the timber frames remained almost 
completely intact. The test confirms the hypoth-
esis that this ancient technique may be favorable 
applied to modern earthquake resistant buildings, 
adapting it to the contemporary needs and norma-
tive standards. For example, adopting standardized 
and certified materials, improving joints systems to 
guarantee a firm connection between the timber 
elements, adopting adequate connection systems 
between the timber structure and the masonry, and 
adopting industrialized production methods.

6 CONCLUSIONS

Building knowledge and know how learned and 
tested over the years in seismic areas have for cen-
turies formed the unwritten earthquakes resistant 
building codes; these were codified in recommen-
dation and regulation only since the eighteenth 
century.

In the case of the aftermath of the earthquake 
of Calabria, practical knowledge arising from 
vernacular architecture was used to define the 
earthquake resistant criteria and to support the 
reconstruction process. The traditional system of 
•casa baraccataŽ has emerged as a relevant seis-
mic resistant building technology, which incorpo-
rates innovative methods designed to resist seismic 
forces. Unfortunately, many of the local seismic 
resistant techniques adopted, including those in 
Calabria after 1783, were progressively kept out 
from the building practices.

One of the missions of the scientific commu-
nity is to raise awareness that designing buildings 
with appropriate construction principles and set-
tlement patterns can reduce seismic risk. Over the 
last decades the culture of reinforced concrete, sup-
ported by technical standards and ignoring the tra-
ditional materials, has been dominant. However, the 
improper use of standardized building materials and 
the hybridization between old and new structural 
concepts, ignoring the pre-existing structural equi-
librium, are not suited for earthquake resistant retro-
fitting, and can even introduce deep and dangerous 
alteration to the building. Vernacular architecture 
requires, therefore, intervention in full respect of the 
original structural concept, presenting low intrusive-
ness and, whenever possible, reversibility.

Reducing the vulnerability of ancient buildings, 
as well as modern buildings, through the lessons of 

local seismic culture can achieve an appropriate and 
innovative response to emergencies. Using these 
lessons from the past, we can even learn something 
that could help address the severe problems that 
modern reinforced concrete buildings have mani-
fested after earth-quakes (in Italy for example after 
the last earthquakes: 2009 in Abruzzo, 2012 in 
Emilia Romagna).

The awareness of the extraordinary quality of 
many traditional solutions, and the interest in the 
preservation of this heritage and the building cul-
ture, represents essential achievements through 
which we can compose models for appropriate 
effective rehabilitations, future sustainable archi-
tectures and settlements. The recognition of local 
seismic cultures requires a systematic and homoge-
neous form of cataloguing and archive work, that 
can used to improve building codes, and to create 
protocols listing, which can aid technicians to iden-
tify suitable methods for protecting and reinforcing 
buildings against earthquakes, geared as closely as 
possible to the specific features of ancient build-
ings in the local area, respecting the original struc-
tural concept and, therefore, their authenticity.
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The Sado•s estuary huts, vernacular forms and ways of living the space

M. dos Santos Pires
Alvalade, Alentejo, Portugal

ABSTRACT: This research studies the architecture of the plant material huts, located at Sado River•s 
Estuary and surroundings, in the Portuguese region of Alentejo. Different from other types of buildings 
found in Alentejo, the huts are unique in their constitution, way of occupation and relation with the terri-
tory. They are built using the few materials founded in this desertic coastal area such as culm, wood, reeds 
and dried vegetation. Here are studied the forms of occupation and ways of living this vernacular spaces, 
the disposition in the territory, as well as the construction technology and the materiality. The huts are an 
interesting type of architecture because of their appealing form, the speed and ease of construction and 
its sustainability and ecology, and therefore their study and preservation is important.

2 THE ESTUARY OF THE SADO•S RIVER

The south margin of the estuary, and also the nearby 
coastal area, are the only places in the territory of 
Alentejo where the huts of plant materials, also called 
culm huts, are found nowadays. The south bank of 
the estuary is an area of high ecological value, clas-
sified as a Nature Reserve, with marshes and salines, 
protected from direct contact with the sea by a sand 
spit (Tróia). It•s a sloped area with vegetation of high 
ecological interest, sandy soils and great exposure to 
wind and erosion (information based on the cartog-
raphy for ecological interpretation, provided by the 
project •Architectures of the SeaŽ, taking place in 
the Faculty of Architecture of Lisbon).

The estuary region was quite deserted, and 
no population resided here. There was a large 
homestead that exploited soils, especially the salt 
and rice paddies, that in times of greater need for 
hand labor hired workers from other regions, who 
moved there by a phenomenon of seasonal migra-
tion. These migrants eventually settle permanently 
in the homestead lands to work throughout the all 
year. The landowners only allowed families to build 
lightweight housing, so it wouldn•t give its inhabit-
ants ownership rights, which led to the emergence 
of a technology that used the plant material avail-
able in this area of few resources, forming small 
buildings with wood structure coated with culm 
(long-stemmed vegetation) on the walls and roof. 
When setting up on this new territory the families 
also began to devote themselves to fishing and 
catching seafood, and built a stilts port, located 
in the town of Carrasqueira (Fig. 2), formed by 
a main corridor in wooden structure, from which 
each family made a derivation to moor it•s small 
boat and store it•s stuff  (Martins & Souto).

1 VERNACULAR ARCHITECTURE IN 
ALENTEJO

Alentejo is a region in southern Portugal known 
for its hot weather in summer, and the bright sun, 
which illuminates immense plains punctuated by 
oaks, dense small whitewashed villages, and the 
isolated rural homes: small elongated houses with 
whitewashed rammed earth walls, stone buttresses 
and large chimneys. The Coastal Alentejo is the 
least studied area concerning traditional and ver-
nacular architecture. Will the architecture of the 
coast, which has such diverse landscapes„as small 
dense mountains of corktrees and holm oaks, the 
sandy flat areas and paddy fields along the sea, 
the estuary of the River Sado and the flat fields 
of wheat„equal to the architecture found in the 
plains of the interior? If  the vernacular architec-
ture is adapted to the area where it appears, one 
would expect the Alentejo coast to have different 
and unique types of architecture.

Based on the idea of proving that there are sev-
eral types of architecture in coastal Alentejo, was 
developed a survey of rural vernacular buildings 
found in this region. Of various architectural types 
found, one proved unique: a culm hut (Fig. 1), situ-
ated only in the estuary of the River Sado (North 
of the coastal area). This research was undertaken 
as part of the Final Dissertation of the Integrated 
Master in Architecture, by the Faculty of Archi-
tecture, Technical University of Lisbon, and the 
paper presented here is a summary of this research 
results: the characterization of the culm huts, 
type of vernacular building hitherto little studied, 
revealing their typologies, relationship with the 
place and the landscape, the construction technol-
ogy and how its spaces are inhabited.
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3 TYPOLOGIES OF HUTS

Currently the huts are scattered throughout the ter-
ritory of the southern shore of the estuary of Sado 
and can be divided into two types: isolated, found 
in rural areas, far from urban middle, and those 
who were isolated in their origin, or belonging to 
ancient settlements, were surrounded by buildings 
of the growing urban areas. The huts in the urban 
environment can be divided into two distinct types: 
the single volume ones, and the sets of several vol-
umes, that form a small complex. The isolated huts 
are away from other buildings and relate to the 
morphological characteristics of their deployment. 
Dwellings that had this origin, but were integrated 
into the urban fabric, kept their characteristics 
and layout, with streets and new buildings being 
adapted to them, and having its primal relation-
ship with the landscape changed (Fig. 3).

The single volume hut guides its entry, mostly to 
East. When there are more volumes together, the 

directions of the inputs are different, so that the 
various constructions relate to each other. When 
in a complex, these huts tend to be arranged form-
ing a central space of circulation or channel, from 
which the entries are accessed (Fig. 4).

The huts guide their entry in order to protect it 
from the winds. Are implanted in flat terrain with 
little vegetation that exposes them to wind and 
sun, but protects them from shade and moisture. 
Usually the huts are found in the lowlands that are 
the most fertile areas for agriculture, near the rice 
fields and the river with its resources, and therefore 
many huts that have persisted to the present day 
are found in the town of Carrasqueira.

There are two types of organization within the 
huts space: the space without divisions or open 
space and the space with divisions. The Space with-
out divisions usually occurs in smaller buildings, 
(about twenty to thirty square meters) to maximize 
the space it does not use partitions. The entry can be 
in the front or side elevations. In cases where there 

Figure 1. Hut of culm and wood in Carrasqueira, Alentejo, Portugal (M. dos Santos Pires).

Figure 2. Stilts port in Carrasqueira, Alentejo, Portugal 
(M. dos Santos Pires).

Figure 3. Hut inside of the urban fabric of the small 
town of Carrasqueira, Alentejo, Potugal (M. dos Santos 
Pires).
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are several huts in a complex each one has a differ-
ent function: one is the bedroom or sleeping area, 
other is the dining room and other is the kitchen. 
When a hut is an isolated typology it has distinct 
areas for sleeping, for eating and for socializing.

The space with divisions occurs both in isolated 
huts as in complexes of several huts. Are generally 
larger volumes to achieve partitioning of the space 
(between thirty to fifty square meters) and the 
entrance door can be in the front or side elevations. 
The space has the same areas as the huts of an open 
space: the area near the door, used for meals and 
socializing, wich is the largest and most important, 
and a more private, more interior room, separated by 
a partition wall, used almost exclusively for sleeping.

4 TECNOLOGY AND MATERIALITY

Building a hut starts with marking its deployment 
rectangle in the soil (Oliveira et al. 1969). From 
this rectangle vertical wooden lines are placed, 
buried in the sand about fifty centimeters. The first 
lines are at the corners, followed by the gables and 
finally the side walls, spaced from each other about 
fifty centimeters. The central lines of the gables are 
the highest, and support the ridge beam of wood, 
with the entire length of the construction, which 
will support the roof structure (Fig. 5). On the side 
lines of the wall is placed a piece of wood over the 
entire length of the house, called groundsel. The 
legs of the roof seat on the central ridge and the 
groundsel, and on top of them lay perpendicular 
reeds, with the entire length of the roof, either 
alone or in pairs, and on these is placed the vegeta-
tion. Over the lines of the side walls is preached a 
secondary structure of horizontal slats, which will 
help supporting the plant material.

The plant material that makes up the walls and 
roof of the huts is called culm. Culm is a type of 
stem found in grasses such as wheat, rye or bam-
boo, that is long with clear visible nodes, and is 
always used in buildings when dry, to avoid rot-
ting (Porto). On the walls the herbs used have thick 
and long stems, like wheat straw or the estorno 
(Ammophila arenaria)„which can reach one meter 
in height (Oliveira et al. 1969); The culm can be 
secured to the wooden frame of the cabin through 
two ways: sewn (cozida a ponto) when small bunches 
of stems are sewn with thread to the reeds (Fig. 7), 

Figure 4. Two huts belonging to the same family that 
orientate their entrance doors to a passage space, in Car-
rasqueira, Alentejo, Portugal (M. dos Santos Pires).

Figure 5. Primary structure of a hut, buried in the 
ground (M. dos Santos Pires).

Figure 6. Formation of a hut: primary wood structure, 
layers of culm and secondary structure of clapboards 
and reeds fixing the culm (M. dos Santos Pires).
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or disposed in valadio, when the stem is spread 
over the surface and are placed boards or reeds 
over it, as if  it were wedged against those (Oliveira 
et al. 1969). This board is fixed to the main build-
ing structure by nails or rope.

The coating of the wall starts from bottom to 
top, and depending on the stem length and the 
wall height, varies the number of layers necessary 
to coat the entire surface. On the walls the layers 
are arranged in valadio. The first layer, along the 
ground, is placed with the thicker part of the stem, 
or troço, (Oliveira et al. 1969) down and the next 
layer is laid with the troço upwards, and partially 
overlaps the first. The various layers are placed so 
on, until the wall is completely covered. As the lay-
ers are arranged in valadio is required a horizontal 
piece to ensure the trapping. Currently, horizontal 
and inclined whitewashed wood boards, used in 
the side walls and in the gables respectively, stuck 
the culm keeping it fixed exteriorly, and horizon-
tal slats are used in the interior of the wall, spaced 
about fifty centimeters (Fig. 6). In the simplest 
constructions there where used reeds instead of 
wooden boards, a material more easily found in 
this region, to imprison the plant layers (Oliveira 
et al. 1969).

The walls can be finished interiorly using spaced 
boards (as it happens exteriorly) can be completely 
coated with boards or reeds, or can be plastered and 
whitewashed (Fig. 6). When the wall is plastered, in 

its interior surface is placed a finer grass, the cama-
rinheira, stuck in the culm, and over this, the earth 
and lime plaster, smoothed and whitewashed. The 
camarinheira (Corema album), is a small branched 
shrub, and sticking these branches in the culm 
helps the plaster adhesion to the wall (Information 
obtained from a builder of huts). The addition of 
lime to the plaster makes it a plastic mixture, pre-
venting cracking. Another method uses horizon-
tal reeds fixed to the main frame or the wall for 
receiving the earth and plaster paste, which is then 
whitewashed. The interior partition walls are made 
of a wooden frame, coated with horizontal reeds. 
The reeds receive an earth and lime plaster, which 
is smoothed and whitewashed.

The roof is also coated with culm, being used 
two different herbs: the first, with thicker stem, like 
the herbs used on the walls, is placed on top of the 
structure and is visible from inside the dwelling; 
and the second is a finer grass, the bracejo (Brachy-
podium phoenicoides), which represent the exterior 
layers of the roof, is an herb with a long thin stem 
that reaches up to eighty centimeters, frequently 
used in basketry (Information obtained from a 
builder of huts). The first layer, composed of a 
thicker grass, is sewn to reeds that extend over the 
entire length of the roof (Fig. 7). Multiple layers 
of culm are placed from bottom to top, covering 
the entire surface of the roof, always sewn to reeds. 
As in the walls, the layers will overlay, not leaving 
water-permeable voids. Above this thicker layer are 
placed further layers of bracejo in valadio. Each 
layer is trapped or wedged above by a reed, and the 
next layer superimposes the reed of the previous 
layer, hiding it. This is repeated until the roof has 
a thickness of about twenty to thirty centimeters 
and is waterproof (Fig. 7).

At the top of the roof is placed a folded layer 
of culm, trapped with reeds on each side (Fig. 8). 
There are also buildings where it is used only one 
type of herb to cover the roof: the bracejo. In this 
case the layers of vegetation are always disposed in 
valadio, and the top layer always covers part of the 
former. In the gable, to finish the roof, a bunch of 
bracejo or reeds is placed laterally, covering the lay-
ers of vegetation and preventing the entry of water 
and animals. In the gables are visible the reeds that 
run throughout the roof tying the vegetation, and 
sometimes also the beam over the central lines of 
the wood structure (Fig. 8).

The wood openings are small gaps between the 
spaces of the primary and secondary structure. 
They consist of a wooden rim which completes 
the culm walls, that is visible inside and outside 
the dwelling. Inside the rim, in the windows, is a 
wooden frame usually without glass, with a wood 
portal in the interior, and frequently, a mosquito 
net. The doors also have a frame on which they 

Figure 7. Scheme exemplifying the stems of culm being 
sewn to reeds, and the disposition of the vegetation layers 
in a hut•s roof (M. dos Santos Pires).
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articulate and are made of wood with or without 
ornamentation, and with or without wicket. The 
openings are whitewashed or painted in bright 
colors like blue. The floor of the huts is made of 
compressed earth, sometimes with addition of 
cement or pigments such as iron oxide, which gives 
it a reddish color.

The plant material used in successive layers is 
effective in maintaining a comfortable indoor 
temperature, isolates the noise and keeps the con-
struction waterproof. The culm is a poor thermal 
conductor, while not causing the condensation of 
moist air because is a warm material. The walls 
and roof breathe, which prevents the onset of rot 
fungi and plant elements, but are easily transversed 
by small animals such as insects or rodents.

The use of culm in buildings requires constant 
maintenance, due to the degradation of this mate-
rial by the sun, and the detachment of the vegeta-
ble elements of walls and roof. The abundance of 
the component materials of the construction, keep 
this maintenance inexpensive, being the buildings 
restored every two years (Information obtained 
from a builder of huts). The wooden elements can 
be target of attack of wood decay fungi, but white-
wash helps ward off  these parasites.

5 LIVING THE VERNACULAR SPACES

The huts represent a unique form of spatial organ-
ization, experience, relationship with the outside, 
light, color, texture and materiality. The interior 
space is an extension of the exterior in terms of 
pavement: stepping up the sand. The materials that 
make up the walls are also found in the exterior: 

they are the wood from the trees, the bushes and 
the cistus that cover the landscape a bit everywhere 
(Fig. 9). The materials are rugged and resistant, but 
on the other hand, are lightweight and perishable, 
being easily replaced. The inhabitants try to hide 
the vegetation of the walls with wood boards or 
even with paintings, family photographs and lace 
because of the discomfort that this surface causes 
to the touch and because it is synonymous of pov-
erty of means (Fig. 9).

The interior of a hut is distinguished by being 
dark, in contrast to the exterior, always sunny. The 
door becomes the main lighting element with the 
small windows used almost exclusively for ventila-
tion. Often the outer door is open when someone is 
home because it helps to extend the small interior 
space, because many everyday activities are per-
formed both inside and outside, and also due to 
the mild climate.

The interior space of a hut can be divided into 
three main areas: the exterior space, the living space 
and the private space (Fig. 10). The exterior space is 
the area near the hut, in front of the entrance door, 
where various activities take place such as cook-
ing (because the materials that make up the house 
are combustible and the fire cannot be performed 
inside), hang out and have visitors, washing and 
drying clothing, or other activities related to agri-
culture and fisheries, as fixing fishing nets or uten-
sils. Entering the room we have the indoor living 
space and conviviality, widely used by the family 
for dining, meeting and receiving visitors. This has 
a great connection with the outer space, because 
both are used for complementary activities and its 
visual and physical connection. The last space is 
private, used for sleeping and for personal hygiene 

Figure 8. Top of a hut•s roof where are visible the sev-
eral layers of culm and reeds. Hut in Carrasqueira, Alen-
tejo, Portugal (M. dos Santos Pires).

Figure 9. Interior of a hut in Carrasqueira, Alentejo, 
Portugal. The culm and the reeds are visible in the roof. 
The culm of the walls is covered with wooden boards and 
furniture (M. dos Santos Pires).

Vernacu_Book.indb   265Vernacu_Book.indb   265 7/31/2014   7:40:53 PM7/31/2014   7:40:53 PM



266

care, and is the most secluded and away from the 
entrance. It is smaller than the living space, because 
the activities do not require much space, and is less 
decorated, as it is generally out of sight of visitors. 
The room can be separated or not from the living 
area by a partition wall (Fig. 10). When the spaces 
are separated is more noticeable the difference in 
decoration. When the hut is an open space its vis-
ible the separation of the private area of the living 
area through the provision of furniture.

The spaces of the hut have a human scale, are 
small but tailored to the human body. Furniture 
and elements of interior decoration are always 
within reach, the walls are low and it is difficult to 
stand near them. The ridge beam, situated on the 
highest point on the roof, is a few centimeters to 
the extension of the arm. The small windows are 
located about fifty centimeters of the floor and it•s 
almost impossible to use them to observe the land-
scape: they are openings for some ventilation and 
some lighting. The door is small„about one point 
sixty centimeters tall„is necessary for some people 
to crouch to get through it. The interior of a cabin 
is nevertheless appropriate to daily tasks, though 
small. The circulation space is always central, where 
the ceiling is higher, and the walls are left for furni-
ture and for hanging utensils. Most tasks within the 
house are carried out with the locals sitting or lying, 
and therefore a higher ceiling is not needed.

6 CONCLUSION

The survival of the huts to the present day is due 
to the fact that initially the area where they implant 
was isolated for a long time and also to the poverty 
of its inhabitants. But more recently, the survival of 
the huts it is due to the growing interest of visitors 
and tourists for its unique technology and appeal-
ing form (Fig. 11), and the willingness of the locals 
to see their heritage preserved. The huts were often 
labeled as sheds because they represented poverty 
and simplicity of means, but this negative conno-
tation has been disappearing and many of these 
buildings are rehabilitated and restored as vacation 
homes, or second homes (Fig. 11).

It is important to study this heritage and to 
show that although small, the huts have the essen-
tial to the dwelling of a family, are quick and easy 
to build, ecological and have potential to be used 
today, res-ponding to current needs of space and 
comfort. It is a technology of construction and 
typology of space that should be a solid reference 
for new projects, when planning in this coastal 
area.
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Vernacular morphology as a preventive solution of local seismic culture

G. Duarte Carlos, M. Correia, D. Leite Viana & F. Gomes
CI-ESG, Escola Superior Gallaecia, Vila Nova de Cerveira, Portugal

ABSTRACT: Most of the seismic resistant research is focused on the mechanical capacity of modern 
materials. The reinforcement intervention on structural damaged or at risk heritage addresses most of the 
time, monumental heritage. To overcome this gap, the Project Seismic-V is presently developing a research 
based on the identification and reinforcement of the seismic resistant vernacular solutions, considering 
that through the centuries, communities repaired and retrofitted their houses, in response to strong or fre-
quent earthquakes. This paper intends to address this vernacular heritage still in-use, through the study of 
Castro Marim vernacular heritage, a village located in Algarve region. The present paper aims to reflect 
if  specific vernacular morphology, concerning the spatial configuration of the houses can be considered 
also, as a valid response against seismic hazard occurrences. The research focus is on the vernacular houses 
reinforced with seismic resistant features, but also on the preventive morphological approach addressed 
through the years by Castro Marim inhabitants.

and nature, regarding strategies of the settlement 
morphology, building typology, constructive sys-
tem performance, material properties improvement 
and/or structural reinforcement solutions.

2 RESEARCHING LOCAL SEISMIC 
CULTURE IN PORTUGAL

Deprived from planning and numeric calculation, 
traditional architecture originated, developed 
and matured a wide range of solutions. These are 
mainly based on the spatial relation of elements 
and geometrical inherent properties, regarding the 
whole performance of the building as a unit and 
also considering its urban framework. Due to its 
geographical restriction, vernacular buildings can 
be, by their intrinsic nature, exponential examples 
of these approaches. Special cases, as for instance 
in the southeast region of Portugal, combine a local 
building culture based on structurally poor materi-
als with a history of regular, but low-medium seis-
mic activity. The selected case studies are suitable 
to provide interesting seismic resistant strategies, 
within the aforementioned approach.

2.1 Literature review

When addressing the literature review, it was 
observed that for a long time, preventive or reactive 
seismic retrofitting was focused on monumental 
heritage and very little on vernacular heritage. In 
the last years, there has been an emergent interest 
on seismic resistant design and solutions, especially 

1 INTRODUCTION

On the framework of the research project •SEIS-
MIC-V: Vernacular Seismic Culture in PortugalŽ, 
the identification and characterization of the Local 
Seismic Culture in Portugal (LSCP) is being under-
taken (Correia et al., 2013). The project SEIS-
MIC-V is funded by the FCT (Fundação para a 
Ciência e a Tecnologia), the Portuguese National 
Agency for R&D. The project is coordinated by CI-
ESG, the Research Centre of the Escola Superior 
Gallaecia, in a partnership with the University of 
Aveiro and the University of Minho, through their 
Departments of Civil Engineering. This research 
is nationally supported by the Ministry of Culture 
and internationally supported by ICOMOS-CIAV, 
ICOMOS-ISCEAH, Chair UNESCO-Earthen 
Architecture and the European University Centre 
for Cultural Heritage, in Ravello, Italy.

The overall findings addressed on this paper were 
drawn during the accomplishment of the Atlas of 
Local Seismic Culture in Portugal, the first formal 
result of the project. This Atlas aimed to present 
the findings that emerged from the location, the 
identification, the characterization and the com-
parison of the vernacular forms, regarding seismic 
resistant approaches in the Portuguese territory.

Through the analysis of each case study, it was 
possible to verify that most of the identified build-
ing cultures are no longer active. However, the over-
all study of their legacy identified a wide range of 
approaches, rich in specific solutions that can be 
preventive and/or reactive to earthquake occur-
rence. These features also diverged in scale, principle 
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addressing housing and monuments (Vasconcelos 
& Lourenço, 2009a).

Specific data regarding seismic occurrences in 
Portugal is largely dominated by the 1755 earth-
quake„one of the largest registered at a world lev-
el„and its devastating effects on the capital (LNEC, 
1986). Most of the developed studies were about the 
hazard itself, but also about the large-scale recon-
struction process of the downtown Lisbon, which 
implied a significant change of its original morphol-
ogy (Coelho, 2013). The Lisbon downtown model 
of low-rise collective buildings were constructed 
with a detached principal facade with interior walls 
of trussed timber frame with a brick infill (Mascar-
enhas, 1994) (Lopes dos Santos, 1995). Variations 
of this construction model were used throughout 
continental Portugal, during the 19th and 20th cen-
turies (Vieira, 2009: 279). They were even detected 
in Italy, at the end of 18th century, which was con-
sidered resulting from the Pombal seismic resistant 
walls (Correia & Merten, 2001).

The original reconstruction strategy imple-
mented during the Marquis of Pombal governance 
constituted itself a paradigm for seismic resistant 
construction that would influence all the national 
territory. The best examples can be found in large 
reconstruction interventions in places of high seis-
mic activity, like Sines or Vila Real de Santo António 
(Sotto-Mayor, 2006: 246). This last case is very close 
to Castro Marim, the case study of this paper.

The interesting point about the dissemination of 
this construction strategy was its adaptation to the 
different local constructive cultures. For example, 
in the case of Benavente, following the 1909 earth-
quake, the same trussed-walls principle with indus-
trial fired bricks infill (Correia & Merten, 2001) or 
adobe bricks infill instead (Vieira, 2009) were used 
to build some of the residential blocks (bairros). In 
Benavente, following the 1909 earthquake, some of 
the residential blocks adopted a symmetric building 
plan, separated by a small patio in the middle, pro-
ducing a regular continuous façade on both street 
sides. Nevertheless, the one storey single-family 
house, with a backyard, is the dominant typology 
in these historical blocks. This solution seems an 
adequate response to optimize the economical effort 
of the reconstruction, gathered thanks to several 
national campaigns. This solution is also recognised 
on the original rural morphology of the region, bet-
ter suited to the local household types and respecting 
the surrounding built environment. This also allows 
for the inhabitants to participate and to assimilate 
preventive strategies and to contribute to the misce-
genation of the local construction techniques.

In the mentioned case of Vila Real of Santo 
António, the relation is even more complex, as it 
presents a rigid adaptation of the original model„
the reconstruction of the downtown area, at a less 

impressive scale. Nevertheless, the simplification 
of the construction system is also achieved, as well 
as the introduction of local materials (Duarte Car-
los, 2013).

It is no surprise that the literature review on 
seismic resistant Portuguese architecture reveals 
that most of the studies have been focused either in 
the seismic resistant Pombalino construction or in 
architectural monumental heritage, but still very lit-
tle in vernacular seismic resistant heritage (Correia, 
2005). It is therefore needed, a focus by the scientific 
and academic communities, on the identification of 
seismic features applied historically on vernacular 
architecture. This gap in knowledge had been already 
identified during the nineties, by Ferruccio Ferrigni 
(1990a) from the Centro Universitario Europeo 
per I Beni Culturali, located in Ravello, Italy. A 
European project named Taversism, recognised the 
existence of a •Local Seismic Culture•, consisting 
on •the application of architectural elements with 
technical knowledge and comprehensible behaviour, 
following an efficient ensemble to reduce the impact 
of earthquakesŽ (Ferrigni 1990b). The Portuguese 
research team of the Taversism project addressed 
then a deeper research, regarding the identification 
of the local seismic culture in Portugal (Correia & 
Merten 2001) (Correia, 2005). This resulted on the 
2012 SEISMIC-V candidature research submission, 
which was funded by FCT, in 2013.

2.2 Research methodology

The project research methodology is based on: the 
collection of data from reliable sources archives; 
the national and international literature review; 
the crossing-reference of data; the identification 
of preliminary regions to study with case studies 
to address; the correlation of defined regions with 
data collection and literature review; the field mis-
sions to validate the selected case studies; the col-
lection of on-site local data; on addressing research 
tools, as questionnaires, interviews, etc.; on analyz-
ing qualitative and quantitative data; on crossing 
results with the planned tests regarding structures 
behavior; and finally to correlate the overall ana-
lysed findings (Correia et al., 2013).

2.3 Identifying the geography of the local-seismic 
culture in Portugal

The outline of the critical areas in continental Por-
tugal is mostly related with the direct influence of 
the Atlantic seismic activity of the Vale do Tejo 
tectonic fault and the Gorringe sea bank. Aside 
from exceptional episodes, the historic indicators 
confirm that the southwest and the south littoral 
coast are the most vulnerable areas, decreasing the 
intensity towards the interior of the country.
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Considering the territorial approach, within the 
aforementioned areas, the hazard impact seems to 
have affected more regions with accentuated topog-
raphy and along the main river basins. This feature 
seems to aggravate the impact intensity, especially 
in locations with softer soil.

Regarding the earthquake impact, the existing 
historic data refers mostly to the damage and repair 
of monumental buildings such as churches or for-
tresses. The impact on civil architecture is only 
implicit in the population displacement and the 
overall description of the settlement•s destruction. 
The rural areas of isolated and scattered build-
ings„the major typical context of the vernacular 
main typologies of this Portuguese region„are 
absent from the historical records due to its lack of 
economical relevance (LNEC, 1982).

Throughout the revision of the historical seismic 
data, it was possible to identify in continental Portugal, 
five different regions susceptible to have Local Seismic 
Culture, and one 6th region in the Azores Archipelago, 
due to its strong volcanic activity. Field missions were 
then addressed to the six identified regions to document 
the architectural heritage seismic resistant features. 
Architectonic survey and characterization of the build-
ing traditional typologies were already developed, with 
special emphasis on the applied construction systems 
and the identified structural reinforcement features, 
without neglecting their urban structure properties.

The following phase of the project will consist 
of using representative buildings, from each region, 
to develop experimental characterisation (in situ), 
numerical modelling and parametric studies, which 
will be developed through testing. The main objec-
tive is the proper identification and description of 
the most efficient seismic resistant strengthening 
solutions, in Vernacular Architecture.

2.4 Classifying seismic-resistant approaches

According to Ferrigni (1990b) the architecture can 
express the risk assimilation of the local building 
culture in two different basic natures: Reactive or 
Preventive.

The first one is characterized by reinforcement 
solutions implement after the disaster. The actions 
are intended to repair, correct or constrain damages 
already existent. They present very specific oriented 
measures towards the architectonic components 
that were affected. It is usually a practical reinforce-
ment action incorporated into the local construc-
tion system, determined at a detailed scale.

The preventive approached has the aim to mini-
mize the eventual future damage. The measures 
are more generic and involve mostly, the relation 
between the components. These measures define a 
general strategy of systematic application that can 
be transferred to a larger scale.

In the most vulnerable areas, where the inhabit-
ants still demonstrate a conscience of the risk, it 
is possible to identify the combination of the two 
approaches. The case of Benavente and Samora 
Correia, in the Tejo valley area, are a good exam-
ple of the difficult compatibility of these two 
approaches (Gomes, 2014: 4). Throughout the 
field missions, it was possible to perceive that there 
was not a clear tendency of reactive or preven-
tive approaches, within the researched regions, as 
they can diverge in very nearby settlements. On 
the other hand, inside a specific settlement, the 
approach seems to be very coherent, only diverg-
ing on very punctual situations, usually detached 
from the local building culture.

3 THE CASE OF CASTRO MARIM

Within the cases of critical seismic areas, the his-
toric village of Castro Marim, located in the south-
east extreme of Portugal near the Spanish boarder, 
seems to be a suitable example of a prevention 
approach, consolidated through an architectonic 
and urban morphology response.

The village of Castro Marim belongs to the 
Algarve region, one of the areas with more seismic 
activity of continental Portugal; a region vulner-
able to earthquakes, but also to tsunami impact, 
due to its low coastal altitude and lowland area.

Although Castro Marim was not affected 
directly by strong earthquakes, it can be perceived 
that there was a significant regularity of seismic 
occurrences. This seems to be an important cir-
cumstance for the implementation of a preventive 
approach, as the mitigation of the risk is applied 
with a long-term approach.

The village of Castro Marim has its origin on a 
strategic defence position, located on the oriental 

Figure 1. On the left, historic Isoseismic lines and major 
faults diagrammatic map of continental Portugal. On the 
right, south of Portugal map, with Algarve region (R5), and 
Castro Marim location (R5A) (Credits: CI-ESG, 2013).
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Portuguese border facing Spain. This crucial posi-
tion forced its location on an unnatural area, using 
isolated hills of rough topography to avoid the 
alluvial swamps of the Guadiana•s margins, assur-
ing visual control of the surrounding territory.

The settlement presents an irregular elliptic 
configuration, descending a small hill, showing 
a peripheral appropriation, around the medieval 
fortress. The cadastre is dense, with narrow long 
plots, aggregated into small quarters. When the vil-
lage reaches the hill base, the parcels become larger 
and the alignments of the quarters more regular, 
without abandoning the overall radial structure.

To aggravate its vulnerable condition, the tradi-
tional building techniques of the region are based on 
conventional structurally poor materials. The most 
available resource is a sandstone type rock, very sus-
ceptible to erosion, which explains the dominant use 
of rough and irregular masonry. Limestone is also 
employed, but in a much smaller proportion within 
the masonry layers. The building has an earth base 
plaster, covered with a lime-wash.

Fired bricks appear to be progressively inte-
grated but only in components of structural stress, 
such as, façade openings or transversal interior 
walls. This confirms the difficulty of using stone 

lintels and verifies the bad quality of the local 
stone (Vasconcelos & Lourenço, 2009b).

Adobes are also significantly applied in the con-
struction, as they represent a typical resource from 
the alluvial river marsh (Varum et al. 2011). They 
are the principal material for the typical frontal 
verge coating, a typological iconic element of the 
south Portuguese villages. Their application seems 
to be an adequate response to solve the roof edge 
main façade, with a low weight element that can 
be easily repaired and does not constitutes a major 
danger in case of desegregation.

The interesting aspect of Castro Marim becomes 
evident, when it is compared with other settlements 
with similar or even less seismic historic records, 
even when they have better material resources. 
Despite the structural vulnerability of the employed 
materials and the simplicity of their construction 
systems there is no evidence of a systematic appli-
cation of reactive seismic resistant solutions.

Table 1. Algarve•s seismic intensity records (LNEC, 
1986).

Mercalli Scale

Year Intensity (MCS)

1719 IX
1722 X
1755 IX…X
1856 VIII
1858 VII…VI
1969 VIII

Figure 3. Backyard gate•s lintel made of flat bricks, 
configured on a smooth arch geometry (Credits: CI-
ESG, 2013).

Figure 4. Verge coating in adobe masonry (Credits: CI-
ESG, 2013).

Figure 2. General plan of Castro Marim•s village centre 
(Credits: CI-ESG, 2013).
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On the site missions to Castro Marim, it was 
also possible to observe that pathologies with clear 
structural origin were not frequent (Duarte Carlos, 
2014). In Castro Marim, it was also not detected 
the existence of •pombalinoŽ walls in its local seis-
mic resistant techniques. Therefore, it seems to be 
a valid hypothesis that the seismic resistant prop-
erty lies most of all, in the geometric configuration 
of the buildings and its neighbourhood additions, 
consolidated over the years in the vernacular typo-
logical model of the settlement.

3.1 Characterization of the seismic-resistant 
features of the Architecture of Castro Marim

The first structural singularity of the Castro Marim 
settlement is related to the dense and solid mass 
of the quarters in its centre, composed by paral-
lel transversal parcels, gathered in small groups. 
The architectonic solution is expressed in a long 
and narrow building shape, developed most of the 
times perpendicularly between two roads, creating 
compact quarters of similar height.

Despite the adaptation to the original organic 
topography, it is possible to confirm a high regu-
larity of composition, in terms of geometric con-
figuration and dimension. The plot strip is involved 
in a thick continuous wall connecting house block 
and backyard fence, without any breakpoint acting 
as a true security belt. The main façade, located on 
the smallest sides of the perimeter, is most of the 
times, the tallest element of the construction, tak-
ing advantage of the perpendicular long walls on 
its edges that act as buttresses.

The façades of the vernacular buildings do not 
pass two stores high and are covered in general, by 
a saltbox roof shape (an asymmetric double pitch 
roof) that has its longest side oriented to the back-
yard, until the intersection with the surrounding 
walls.

The main facade is oriented to the largest adja-
cent street and the backyard to the smallest one. 
The windows of the main façade are scarce and 
small, and are presented in a very regular pattern. 
The perimeter faced to the back road never passes 
the one storey limit, and a medium or big gate 
always toped by a thick structural beam is usually 
positioned in the extreme of the plot corner.

Sometimes, the main façade of the residential 
area is slightly lower into the ground to give more 
structural resilience to the unit. This solution has 
the benefit of combining the principal floor level 
with the height of the perimeter wall, assisting 
to the overall load bearing. The middle area of 
the backyard is always free of construction, also 
presenting composition regularity amongst each 
quarter; adjacent little buildings to the perimeter 
complement the household necessities.

4 CONCLUSIONS

The village of Castro Marim clearly represents a 
case of a prevention approach towards the seis-
mic hazards. The reinforce elements are present in 
the village heritage, but they cannot be perceived 
as isolated items, as they are completely inte-
grated and dependent of the typological building 
characteristics.

To aggravate the seismic occurrences, Castro 
Marim is locally constrained by structural poor 
materials. Although the entire building presents 
a uniform appearance due to its lime-washed sur-
faces, the buildings have different construction 
systems. The predominant construction system is 
stone masonry with earthen and lime mortar. The 
blocks are uneven and heterogeneous, having a mix 
of different types of stone. The layers and rows are 
not regular, which explain the wall thickness and 
the small height of the structures.

Figure 5. Basic building volume morphology constitut-
ing a plot (Credits: CI-ESG, 2013).

Figure 6. Example of the backyard•s external aggrega-
tion (Credits: CI-ESG, 2013).
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In some of the buildings, it is possible to observe 
the introduction of baked bricks on the most suscep-
tible structural elements, such as, corners, wall tops 
and void frames. The mechanic efforts are generally 
the resort of the building geometry. A continuous 
wall embraces the plots, without any rupture between 
the uncovered areas and the residential buildings.

The internal walls have a superior wood beam, 
acting as real structural top truss, which is embed-
ded in the masonry perimeter. All the openings 
are reduce to a minimum, presenting great geo-
metrical regularity reflected in very homogeneous 
facades. In fact, one of the more interesting fea-
tures is the divergent coherence of the back and 
front façades and the unit that is produced on the 
urban quarter.

The plots in the centre of Castro Marim have a 
long and narrow shape, to minimize the effort of 
the facades and the perpendicular internal walls, 
which are very narrow (3 to 5 m). All together, it 
contributes to the structural tying of all the plots. 
In case of earthquake, all the plots will behave as 
a whole.

The repetition of the morphology composition 
seems to increase the unit resilience to the mechan-
ical efforts. The required alignment is due to the 
sequence of the structural horizontal elements, 
arranged in the close cycle composed by the village 
blocks.

Castro Marim is a very relevant example of 
vernacular morphology applied as a preventive 
solution, when considering local seismic culture in 
Portugal. More case studies related to morphology 
of historical centres and with building typologies 
are in the process to be identified, which will con-
tribute to a comprehensive approach regarding the 
identification and reinforcement of local seismic 
culture in Portugal.

NOTE

This work is funded by National Funds through 
FCT„Foundation for Science and Technology in 
the framework of the PTDC/ATP-AQI/3934/2012 
project: •SEISMIC-V: Vernacular Seismic Culture 
in PortugalŽ.
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Aisle-truss houses of Northern Jutland: Strategies 
for sustainable design

B. Tanderup Eybye
Architectural Heritage, Aarhus School of Architecture, Aarhus, Denmark

ABSTRACT: The aisle-truss houses of Northern Jutland were built under hard conditions, such as 
harsh climate and scarce resources. Hence, the aisle-truss houses display a number of resource-saving and 
sustainable building principles, including the arcade construction and the use of passive energy strategies, 
which make them relevant to research. This paper investigates resource-saving and sustainable principles 
in the aisle-truss houses of Thy, Northern Jutland. General features as well as three cases of the one-wing 
dwelling aisle-truss houses are studied. The aim is to improve the understanding of aisle-truss houses. 
Another aim is to suggest strategies for modern sustainable building on the basis of the identified princi-
ples in aisle-truss houses.

These were built in Northern Jutland until the 
19th century, and in this way aisle-truss houses rep-
resent a vernacular building practice that has been 
developed and improved for centuries under hard 
conditions. Consequently, aisle-truss houses reflect a 
number of resource-saving and sustainable building 
principles, which make aisle-truss houses relevant to 
research. Hence, the research questions of this paper 
are as follows: how are resource-saving and sustain-
able principles reflected in the aisle-truss houses of 
Thy, Northern Jutland, and how can these princi-
ples contribute to future, sustainable building?

The translation of the Danish term højremshus 
has been somewhat difficult, as construction prin-
ciples vary from region to region, and traditions 
differ within professions and languages. After 
careful consideration the term højremshus has been 
translated into •aisle-truss house•, which seems to 
be the best match concerning the particular fea-
tures of the construction principles.

2 BACKGROUND AND METHODOLOGY

This paper aims to improve the understanding of 
aisle-truss houses, as they are expected to exemplify 
resource-saving and sustainable building. Another 
aim is to sketch strategies for modern sustainable 
building principles. In order to identify resource-
saving and sustainable principles, a number of 
aisle-truss houses are investigated. The investi-
gations are divided into two parts. The first will 
concern general features of the aisle-truss houses 
of Northern Jutland, while the second part takes 
three case studies as its point of departure. Results 

1 INTRODUCTION

In continuation of the so-called Brundtland-
report, it was realised that more than 40% of 
the total energy consumption in most Western 
countries is used for building construction and 
operation (Bech-Danielsen 2010). Therefore, 
architecture and building has become part of the 
debate concerning sustainability. Modern technol-
ogy has made it possible to construct the same type 
of house all over the world, regardless of climate 
or local building traditions, which leads to a huge 
consumption of resources in present building prac-
tices. In contrast, vernacular architecture is built in 
accordance with local climate conditions and avail-
able resources. An example of this is the aisle-truss 
houses, højremshuse, of Northern Jutland.

The aisle-truss houses of Northern Jutland 
are characterized by a main construction of two 
arcade plates supported by a number of arcade 
posts. Consequently, an aisle-truss house is prin-
cipally a three-aisled house with the load-bearing 
construction placed inside the building. In this 
way, the construction is sheltered from weather 
and wind, while the outer walls function as a build-
ing envelope (Fig. 1).

The origin of present Danish aisle-truss houses 
goes back to the Middle Ages. Today the aisle-truss 
houses are found in Northern Jutland. Especially 
the western part of this region was characterized 
by harsh climate conditions, sand drifts and scarce 
resources. The lack of forests was extremely severe, 
as wood was the most important preindustrial 
resource. This is presumed to be the reason the 
inhabitants preferred the aisle-truss construction.
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catalogue principles followed by suggestions for 
future, sustainable building.

The features and characteristics of the aisle-truss 
houses that will be analysed include their context, 
construction, building materials, design, layout and 
spatial organization. As sustainability concerns 
both material and immaterial aspects, the frame 
of sustainability comprises topographic, ecologic, 
social, cultural, economic and architectural items. 
Topography includes adaption to site and climate 
responsive design. Ecology is seen as ecological 
footprint and low carbon emission, for instance by 
the use of organic or recycled materials. Social and 
cultural aspects include layout, spatial organization, 
traditions and human conduct. Economy concerns 
rationality in building and resource-efficiency, such 
as the use of protection layers to lengthen durabil-
ity. Finally, architecture includes structure, function, 
shape and design. The frame of sustainability thus 
covers a wide range of items. Among these, climate 
and ecology relate to the natural sciences, while 
economic, social and cultural aspects of sustain-
ability concern the social sciences and the humani-
ties. Hence, in analysing the different aspects of the 
aisle-truss houses causal relationships and expla-
nations (e.g. east-west orientation and wind) are 
looked for as well as intentional relationships (e.g. 
ways of living) requiring interpretation of historical 
sources. The analysis mainly relies on the historical 
and architectural materials and not (yet) on my own 
observations and measurements at the sites.

The primary case study of this investigation is 
the Fisherman•s House in Agger, which is one of 
the few listed aisle-truss houses in Denmark. Addi-
tionally the case studies comprise Maren Bolm•s 
House and Marie Gregersen•s House (Fig. 2). All 
three cases are examples of one-wing dwelling 
aisle-truss houses in Thy, Northern Jutland. The 
case study of the Fisherman•s House in Agger 
focuses on all parts of the building, whereas the 
case studies of Maren Bolm•s House and Marie 
Gregersen•s House primarily investigate layout 

and spatial organization in order to complement 
and allow differentiation the primary case. The 
case studies are partly based on registrations con-
ducted by the National Museum of Denmark in 
the period 1887…1960, as well as drawings by stu-
dents of architecture at the Royal Academy of 
Fine Arts, Denmark and drawings by Erik Einar 
Holms Drawing Office.

3 GENERAL FEATURES 
AND CHARACTERISTICS 
OF AISLED-TRUSS HOUSES

In aisle-truss houses, the rafters rest on two arcade 
plates, each supported by a row of arcade posts 
placed inside the building. The posts are placed 
opposite each other in pairs and joined together 
with either one or two anchor beams. Stability of the 
construction is usually secured by the use of braces 
both lengthwise and crosswise. On the main facades 
and possibly also the gables are outshot, whose cat-
slide roofs are carried by trimmed rafters and thus 
continue the main roof surface. As the outshot walls 
are very low, there is no outshot in front of the pri-
mary living rooms. Instead the arcade posts form the 
outer wall. The outshot is approximately 1…1.25 m 
wide, and exactly because of the outshot, aisle-truss 
houses are rather wide opposed to other types of 
half-timber constructions. The arcade construction 
was also used in barns and stables. Likewise, con-
structions rather similar to the aisle-truss houses of 
Northern Jutland are seen in other parts of Europe.

As a rule, aisle-truss houses in Northern Jutland 
are approximately east-west oriented. The dwelling 
is generally composed of five primary elements; 
best room, living room, kitchen, scullery and out-
building functions such as stable. Usually the best 
room is to the west, while the stable is to the east. 
Most aisle-truss houses only have one chimney, and 
all heating sources such as kitchen fireplace and 
jamb stove must be placed around it. Hence, the 

Figure 1. Principal section in an aisle-truss house 
(Eybye). Figure 2. Map of Denmark, including location of the 

three selected cases. The Fisherman•s House and Maren 
House are both located in the village of Agger (Eybye).
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living room and the kitchen become the core of the 
house. Arcade posts supporting the arcade plates 
tend to be placed in interior walls. The outshot is 
typically used for storage rooms, such as larders 
for dairy products and cured food products, or bed 
recesses, or they are added to the main rooms.

Aisle-truss houses express vernacular building 
practice and, accordingly, the primary building mate-
rials were supplied locally. The load-bearing construc-
tion was made of timber. Usually the arcade plates 
were made of heavy pinewood, while other parts of 
the construction depended on whatever type of wood 
being available. Many ships wrecked on the Danish 
West Coast, and wreckage contributed on a large scale 
to building materials. Hence, posts and rafters may be 
of timber from ship wrecks, such as masts or ribs. As 
timber was a scarce resource, many efforts were made 
to be resource-efficient and extend the life span of the 
house. For instance, posts were placed on grounding 
stones to prevent dry rot, but the most important 
strategy was placing the load-bearing construction 
inside the building envelope to protect it from expo-
sure to the climate, and thus extend durability of the 
house. The outer walls were made of half-timbering, 
and as the outshot walls were rather low they needed 
smaller amounts of timber. Furthermore, most of 
the secondary timber parts in the outer walls were 
spared, and hence, the wall constructions mainly con-
sist of studs, while rails are primarily found in outer 
walls of normal height by the living rooms. The infill 
could be mud-built, but in some areas chalkstone was 
used. In coastal areas infill was often made of pebbles 
from the beach. Later masonry became widespread 
and infill was made of bricks, which are more durable 
than mud-building. Some aisle-truss houses display 
several principles of infill, using whatever resources 
available. To protect the infill, in particular the mud-
built ones, the walls were whitewashed. The roofs 
were half-hipped or hipped where the gable had out-
shot. Thatching material was straw, heather or reed, 
and the ridge was made of turf (Zangenberg 1932, 
Engqvist 1947, Andersen 2006).

In summary, the principal features of the aisle-
truss houses are the arcade construction, which 
includes the outshot forming an asymmetrical (west) 
gable and an irregular southern facade, large roof 
surfaces and locally provided building materials.

4 CASESTUDIES

4.1 Fisherman•s House in Agger

The Fisherman•s House is said to have been built 
in 1749 (Fig. 3). Today the house is located in the 
village of Agger situated in the sand dunes close to 
the west coast of Denmark. A written source from 
year 1802 recounts that it was unlikely to find an 

inhabited patch of ground rougher than the parish 
of Agger, as all it had were sand dunes and shifting 
sand (Aagaard 1802). The area is very windy, and 
the land was sandy and of very poor quality.

Hence, agriculture was impossible, and fishing was 
the primary income for the inhabitants of Agger.

As Agger is very close to the sea, it has a temper-
ate coastal climate. The primary climatic challenges 
are wind and precipitation, and the aisle-truss 
houses were designed accordingly. The prevalent 
wind comes from the west, but during winter the 
east wind can be very cold. Consequently, the Fish-
erman•s House is east-west oriented, so the wind 
only cools the gable. Wind pressure on the gables is 
reduced by the hipped or half-hipped roofs and low 
outer walls. In addition, the houses of Agger were 
situated in lines in order to provide maximum shelter 
for the neighbours. Furthermore, the east-west ori-
entation had the advantage of exploiting daylight in 
the best possible way, and therefore the Fisherman•s 
House has no outshouts in front of the best room 
and the living room. Thus, the arcade wall of nor-
mal height gives the opportunity of providing these 
rooms with normal size windows to secure sufficient 
daylight (Fig. 4). At summer  solstice hardly any 
sunlight comes into the rooms due the angle of the 
sun (57.5°), whereas the sun at winter solstice has a 

Figure 3. The Fisherman•s House in Agger. Site plan 
and axonometric projection. Original by E.E. Holm 
(Eybye).

Figure 4. The Fisherman•s House in Agger. Princi-
pal section in the best room. Original by E.E. Holm 
(Eybye).
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very low angle (10.5°), and sunlight penetrates deep 
into the rooms. Sunlight contributes to the heating 
of the rooms during winter. Likewise, the shape 
of the house takes its point of departure in the cli-
matic challenges. The pitched roof leads water away 
quickly and the chimney pipe is placed in the ridge 
to minimize leaks. Moreover, the wide eaves protect 
the walls from moisture. As thatched buildings have 
no gutters, mud splashes on walls are prevented by 
paving the ground at the base of the building with 
pebbles from the beach.

In general, the building materials provided for 
the Fisherman•s House follow tradition. A great 
deal of the timber seems to have been recycled. 
Infill is made of bricks as well as pebbles and gran-
ite boulders laid with a mortar of clay. Whitewash-
ing the extend durability of the infill. The roof is 
thatched with reed and has a ridge made of turf.

The Fisherman•s House is composed of the tra-
ditional rooms (Fig. 5). To the west the best room 
is found. This room was used for special occasions 
and had no fixed heating source. North of the 
best room are outshot used for storage. Next the 
south-facing entrance hall gives access to the best 
room and the living room. North of the entrance 
hall is a larder for bread and beer. The living room 
is also south-facing. North of the living room is a 
bed recess, behind which is another storage room, 
and another larder. From the living room one can 
enter the kitchen and the secondary living room 
with two bed recesses to the east. The kitchen is 
placed northwards, followed by the scullery, which 
is placed in the northeast part of the building. The 
scullery also gives access to outdoor areas, and this 
door was the one that was commonly used. South 
of the scullery is a bathroom, which was formerly 
a stable for poultry, a pig and a few sheep. The loft 
was used for storage of heather and peat used for 
fuel during winter. In addition these items provided 
insulation. According to tradition, the Fisherman•s 
House only has one chimney, and thus all fireplaces 
and heating sources are organized around it. The 

living room was heated by a jamb stove, which was 
connected to the fireplace in the kitchen.

Furthermore, the living room framed the daily 
life of the family and it only obtained natural day-
light from the south. Hence, its furnishing was very 
important for creating the best possible conditions 
for the inhabitants. The interior of the room fol-
lows tradition with an L-shaped bench by the 
windows and a table to take advantage of natural 
daylight in the best possible way, whereas the path 
inhabitants would follow runs between the table 
and the bed recess.

During storm the sea was an unfriendly neigh-
bour eroding the coast. Written sources relate that 
the houses of Agger have been moved eastwards 
due to this erosion, and the Fisherman•s House has 
reportedly been moved twice. Last time was circa 
1850, where the house was moved to its present 
location. It is likely that the house has been subject 
to minor changes during these relocations, how-
ever, the main construction has been maintained 
(Aagaard 1802, Bergh 1968, Holm 2000).

4.2 Maren Bolm•s House

Maren Bolm•s House was also located in the village 
of Agger. This aisle-truss house was probably built 
by the end of the 18th or in the beginning of the 
19th century. The house has now been demolished.

Overall Maren Bolm•s House followed the prin-
ciples of climate responsive design and materials 
that were sketched in the case of the Fisherman•s 
House. Pictures of the demolition show that the 
timber parts were very heterogeneous and that some 
of the infill was made of chalkstone from the local 
underground. This house also had outshot along 
the north side, the east gable and partly along the 
south side (Fig. 6). Moreover, the house was com-
posed of the traditional five elements; best room, 
living room, kitchen, scullery and  outbuilding. 
Outshots were for instance used for larders and bed 
recesses. The inhabitants occupied the bed recesses 

Figure 5. Layout of the Fisherman•s House in Agger. 
Original by E.E. Holm (Eybye).

Figure 6. Layout of Maren Bolm•s House in Agger. 
Original by the National Museum of Denmark (Eybye).
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in the living room, and the one next to the oven 
was usually given to the elderly of the household. 
Maren Bolm•s House only had one chimney, and 
hence all fireplaces were organized around it. The 
living room was heated by a jamb stove, which was 
connected to the kitchen fire place. The house also 
had a huge baking oven. As mentioned, aisle-truss 
houses were wider than other types of vernacular 
Danish half-timber constructions, and therefore it 
was possible to place the baking oven inside the 
house and make use of its heat. In many other 
narrower Danish half-timbered houses the bak-
ing oven projected through the outer wall losing a 
large part of the heat of the oven.

As the analysis shows, the layout and spatial 
organization of Maren Bolm•s House is slightly dif-
ferent from the one of the Fisherman•s House. It is 
presumed that the layout of Maren Bolm•s House 
reflects older traditions than the layout in the Fisher-
man•s House, for instance due to the preservation of 
the baking oven (Andersen 2006, Engqvist 1947).

4.3 Marie Gregersen•s House

Marie Gregersen•s House is situated in the village 
of Østerild. Just like the parish of Agger, the par-
ish of Østerild was characterized by sand drift and 
sandy and poor-quality soil. The inhabitants were 
poor and primarily made their living by fishing.

Marie Gregersen•s House is an example of the 
very small aisle-truss house built in the first part of 
the 19th century. The house is oriented in accord-
ance with the climate responsive design princi-
ples and it is built of traditional materials. The 
outer walls are partly built of bricks and partly 
of frail half-timbering. The roof is thatched, and 
the  western gable is half-hipped, while the eastern 
gable is hipped. As the house is very small, it only 
includes three of the five primary elements; the liv-
ing room, the kitchen and the outbuilding (Fig. 7). 
The living room forms the core of the house, while 

the other elements are organized around it. In this 
house outshots are added to prior rooms and not 
used for independent storage rooms or bed recesses. 
Just like the other two cases, this house has one 
chimney. Hence, the jamb stove in the living room, 
the kitchen fireplace and the baking oven are con-
nected to it (Aagaard 1802, Engqvist 1947).

5 IDENTIFIED RESOURCE-SAVING AND 
SUSTAINABLE PRINCIPLES IN AISLE-
TRUSS HOUSES

The above investigations demonstrate that the 
aisle-truss houses of Northern Jutland present a 
number of different examples of resource-savings 
and sustainable building principles.

Š Topographic circumstances are highly reflected 
in the aisle-truss houses, as they are adapted 
to their sites, built of locally provided materi-
als, and their building practice reflects climate 
responsive design.

Š The ecological footprint of the aisle-truss houses 
is small, and carbon emissions are low, because 
the building materials are primarily organic, 
recycled or both. The use of bricks produces 
carbon emissions, yet, the bricks are only used 
in a moderate scale.

The social and cultural aspects of sustainabil-
ity find expression in the many efforts made by the 
inhabitants in order to save resources and optimize 
thermal comfort. The layout and spatial organi-
zation of the aisle-truss houses point to deliber-
ate use of passive energy strategies. Great efforts 
were made to secure thermal comfort in the living 
room. Hence, the living room only has one outer 
wall. One never enters directly into a living room, 
and entrance halls are always part of the layout. 
Moreover, the rooms at the east and west end of 
the house plus the outshots work as climatic buffer 
zones. Even a small dwelling like Marie Gregersen•s 
House has climatic buffer zones to the east, west 
and north. Furthermore, using the loft for fuel 
storage also contributes to insulation and passive 
energy strategies. Though these aisle-truss houses 
only have one chimney, their plan scheme is organ-
ized to make the most of the heating source.

Š Social aspects of sustainability are also seen in 
the fact that the bed recess by the baking oven 
is given to the elderly of the household, or the 
way the living room is furnished to take the best 
possible advantage of daylight.

Š Economic aspects are reflected in resource-ef-
ficiency, such as the arcade construction. This 
principle extends the durability of the house. 
Moreover, the outer walls are easily repaired or 

Figure 7. Layout of Marie Gregersen•s House in Øster-
ild. Original drawing by the Royal Academy of Fine Arts, 
School of Architecture (Eybye).
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changed without affecting the main construc-
tion. The durability of the aisle-truss houses is 
also extended by the use of protection layers 
such as whitewashing.

Š The architecture of the aisle-truss houses is 
adapted to rough, windy landscape, as the 
houses are low, have large roof surfaces and a 
sheltered arcade construction. The shape and 
spatial organization of the aisle-truss houses are 
designed to frame and shelter the lives of the 
inhabitants in the best possible way. Further-
more, the structure of the aisle-truss houses is 
flexible, and the houses are easily extended or 
shortened according to the needs of the inhabit-
ants. Though the Fisherman•s House was moved 
and its plan scheme probably changed, these 
alterations could be made within the framework 
of the existing structure.

6 SUGGESTIONS FOR FUTURE 
SUSTAINABLE BUILDING

The aisle-truss houses can be seen as relicts of a 
culture, where resources where scarce and human 
conduct in relation to resources was different. 
However, it seems that it would be possible to 
adapt most of the identified resource-saving and 
sustainable principles to future building practices, 
either in a direct manner or by interpretation of 
the original principle. Among the above identified 
principles, these four are highly relevant to future, 
sustainable building:

Š The three-aisled arcade construction has mul-
tiple advantages. Existing research show that 
insulation must be placed outermost in the 
building envelope to be most efficient and pro-
long the durability of  the main construction. 
This conforms to the aisle-truss houses with 
the load-bearing construction inside the house, 
while the outer walls are easily repaired or 
changed.

Š Passive energy strategies improve thermal com-
fort and reduce energy consumption, for instance 
by the use of climatic buffer zones. Rooms ought 
to be organized according to their relevance, and 
living rooms ought to be the core of the build-
ing. Outshot and/or storage rooms contribute to 
insulation.

Š Topographic matters, such as adaption to site 
and climate responsive design, are important for 
building in a durable manner.

Š Resources must be dealt with in a responsible 
manner, as the population of the Earth is grow-
ing and the amount of available resources is 
decreasing. Hence, resource-savings concerns all 
parts of building and operation. For instance, 

contemporary waste of resources in building 
calls for simpler buildings that can be disassem-
bled and their materials recycled.

A suggestion might be the design of a contem-
porary aisle-truss house that takes its point of 
departure in the identified resource-saving and 
sustainable principles from the past combined with 
present, sustainable technology.

7 CONCLUSION

This paper has focused on investigating resource-
saving and sustainable principles in one-wing dwell-
ing aisle-truss houses in Thy, Northern Jutland. 
General features of the aisle-truss houses as well as 
three particular cases have been studied. The frame 
of sustainability has generated data of both causal 
and intentional character, and though intentional 
data might be encumbered with some uncertainty, 
all three cases of the investigation point to human 
efforts of resource-efficiency.

The paper shows that aisle-truss houses reflect 
a number of resource-saving and sustainable prin-
ciples, such as their climate responsive design, 
low ecological footprint, spatial organization 
and construction. In addition, the inhabitants 
of the aisle-truss houses made great efforts to be 
resource-efficient„both in the construction and in 
the operating phase of their dwellings.

Furthermore, the paper has pointed out a number 
of suggestions for future sustainable building. In 
particular the arcade construction, resource-saving 
conduct, and the use of passive energy strategies in 
the aisle-truss houses seem relevant contributions 
to modern sustainable dwellings.

By designing a contemporary aisle-truss house 
the identified resource-saving and sustainable prin-
ciples could be tested as design parameters. More 
research into aisle-truss houses of other regions and 
sizes might contribute with a more varied range of 
results, just as other types of Danish vernacular 
architecture might have contributions to make.

8 NOTE

This paper is part of the PhD project •Sustainabil-
ity in Denmark•s Architectural Heritage„building 
design, practice and techniquesŽ granted by the 
Aarhus School of Architecture and Realdania.
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ABSTRACT: The historic city of Shushtar is located in Khuzestan Province in the southwest of Iran. 
The vernacular houses of Shushtar, made of local materials such as mud brick and stone, are a synthesis 
of cultural life and particular geo-climatic conditions. The city inhabitants spent most of their time, car-
rying out domestic works and developing social, economic and productive activities in their houses. Most 
of the existing dwellings in Old Shushtar belong to Safavid (1501…1722) and Qajar (1781…1925) eras. 
This study tries to analyze what are the principal sustainability mechanisms of vernacular architecture 
in Shushtar and how they have been developed during these two historical periods. Including questions 
such as: What are the most important spatial components of these houses? What are their particulari-
ties regarding to regional geo-climatic conditions? How lifestyle and social structure of the inhabitants 
formed and influenced the spatial characteristics of their habitats? How the vernacular architecture of 
Shushtar evolved according to its social and cultural evolutions between 16th and the beginning of 20th 
centuries?

2 SUSTAINABILITY MECHANISMS OF 
VERNACULAR ARCHITECTURE IN 
SHUSHTAR

2.1 Vernacular architecture in its geo-climatic 
context

Shushtar, along with its nearby city, Dezful, con-
tains vast historic architectural heritage, and is 
known for its brickwork (Emam Shushtari 1952). 
These two cities are situated in the hot and semi-
humid region in the center of Khuzestan province. 
The special geo-climatic conditions of this area 
gave rise to particular urban and architectural 
characteristics, which is halfway between vernac-
ular habitats of the central (hot and dry climate) 
and the southern (hot and wet climate) regions of 
Iran (Ghobadian 1998).

Vernacular buildings in the hot and dry com-
munities are typically enclosed. They are mostly 
overlooking their open-to-sky courtyards. The 
construction of courtyard dwellings was also very 
popular in the historic city of Shushtar. However, 
because of the semi-humid climate, the cross ven-
tilation of buildings is essential. This is the reason 
that old houses in Shushtar possess some open-
ings on the outside facades. These characteristics 
are common to all kinds of vernacular buildings 
in this region.

Unlike typical build forms of the Southern hot 
and wet regions, the vernacular buildings of Shush-
tar have several domes and vault shaped ceilings. 
This characteristic is comparable to vernacular 

1 INTRODUCTION

The city of  Shushtar is situated in the historic 
province of Khuzestan, which is located in the 
southwest of  Iran between the Zagros Mountains, 
on the north and the Persian Gulf, on the south. 
The ancient city of  Shushtar is located on a semi-
island platform between two canals of  the Karun 
River. Shushtar is the site of  technical inherit-
ance as far as at least eighteen centuries ago. The 
old city contains various heritage sites including 
the ancient hydraulic system with its dams and 
bridges, Salâsel Castel, medieval monuments and 
historic houses.

The present paper is focused on sustainable 
techniques and their transformations regarding 
to regional and historical contexts of vernacu-
lar dwellings in Shushtar. Based on architectural 
documents, written resources and on-site observa-
tion, this study is a result of the investigative and 
comprehensive research following a multi-method 
approach:

… a study of spatial components as well as archi-
tectural devices and elements in relation with 
social and climatic conditions of Shushtar

… a comparative analysis of  vernacular archi-
tecture between Shushtar and its neigh-
boring regions with different geo-climatic 
conditions

… a comparative analysis of ten dwellings in Old 
Shushtar regarding to their social, economical 
and historical contexts
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buildings in the central cities and villages of Iran. 
One of the most interesting advantages of vaults 
and domes in the hot climatic of Shushtar is the 
considerable height that they create between the 
floor and the ceiling, which emphasizes a natural 
air conditioning in the vertical direction (Ghoba-
dian 1998). It is a simple thermo-dynamical princi-
ple that makes the hot air to move upward and the 
cold air downward. Therefore, by creating some 
openings in the upper area of the interior spaces, 
the hot air is driven out.

The main construction materials of the ver-
nacular buildings in Shushtar are brick and stone, 
with a mortar of plaster and mud, or lime and 
ashes. Because of the existence of many stone 
mines in the region, the indigene builders used to 
apply the local stones for the foundations as well 
as most of the bearing walls. On the other hand, 
bricks were more applied to facades and roofs. The 
doors and the window frames were often made by 
wood, which was mostly from lotus trees (Research 
Group of Shushtar Heritage Center 2006).

Construction materials play an important role in 
the thermal performance of these vernacular build-
ings. Heavy materials such as adobe, brick and 
stone can offer an important thermal mass. The 
juxtaposed buildings and their thick and adjoining 
walls increase the resistance of the built envelope 
to changes in the temperature. The thermal mass 
considerably regulates and homogenizes the inter-
nal temperatures and humidity, both day and night, 
during different seasons. In addition, the courtyards 
which are paved by clear bricks, reflect the sunrays 
and reduce the excessive heat in the open spaces.

2.2 Spatial components of houses

The studies of the spatial organization of the resi-
dential buildings in the old city of Shushtar show 
the functional multiplicity and the spatial diversity. 
The vernacular dwelling was, on the one hand, the 
living space of a big patriarchal family, which was 
the biggest and safest social unity in the ancient 
Iranian feudal cities. On the other hand, the house 
accommodated almost all of the social, economi-
cal and productive activities of the family. There-
fore, the residential architecture can be considered 
as one of the most significant expressions of the 
indigene lifestyles and also their social hierarchies 
inside the city (Mashhoudi 1999).

The spatial structure of the old city is a system 
of enclosed spaces following one another, leading 
to the last element, which is the room. The low-
rise high density urban housing and the high walls, 
protect living environments from the direct solar 
radiation. Open spaces such as courtyards, small 
squares and labyrinths are climatically protected 
by the built spaces.

Except the northern subtropical areas of Iran, 
the central courtyard was one of the most funda-
mental elements in the Iranian local architecture 
(Pirnia 1990). In other words, the organization 
of all the built areas was determined in relation 
to this open space. Therefore, the courtyard is an 
important center of circulation and spatial distri-
bution where different activities also can take place. 
Like most of the historic Iranian cities, the main 
architectural component of the vernacular houses 
in Shushtar is the central courtyard. In the hot 
regions, unlike the cold zones, the south side of the 
courtyard„turning back to the sun„is more envi-
ronmentally adapted than the north side. Generally, 
the length and the width of the courtyards in the 
hot and semi-humid settlements like Shushtar are 
more important than those of the courtyards in the 
hot and humid regions. On the other hand, they are 
smaller than those of the hot and arid regions.

The underground living is widely developed 
in the historic houses of Shushtar (Alavi Soltani 
1994). The existence of two underground levels, 
shabestan and shovadan, is another regional char-
acteristic. These subterranean spaces were shelters 
for the inhabitants against the excessive heat dur-
ing the hottest days of the year. They also served 
as a refuge during the war periods (Taghi Zadeh 
1997). The first basement (shabestan) has a depth 
of 3 to 5 meters. The light enters the basement 
through windows or simple openings situated 
below the upper rooms or stairs. The second base-
ment (shovadan) is excavated very deep inside the 
earth. The depth can achieve 70 to 80 stairs (Rokni 
2010). The earth in Shushtar is composed of suc-
cessive layers of clay and sandstone. The clay can 
be easily excavated to develop underground spaces. 
Besides, there is no need of beams or foundations 
to prevent the collapses because theses basements 
are surrounded by rough sandstone layers.

Generally, shovadan is an isolated spatial ele-
ment compared to the main building. Its plan does 
not necessarily matches the ground floor plan. Its 
access could be provided by different ways; it can 
be accessed by shabestan or directly from courtyard 
or even by its own stairs situated in one of interiors 
facades. There are often some wind towers (badgir) 
on the roof or some vertical canals connected to the 
summer rooms (darizeh) providing natural ventila-
tion in shovadans. The connecting corridors between 
nearby shovadans (called koureh), the subterranean 
water distribution system (qanat) and the subter-
ranean channels (ghamesh), show the importance 
of underground living in everyday life of ancient 
inhabitants of Shushtar (Sadat Nia 1995).

In Shushtar, the courtyards are mostly divided 
into two levels. The lower level is bigger. It is used 
as a multifunctional space of life, work, ceremony, 
etc. Occasionally, it has a small garden with a lim-
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ited number of trees. However, unlike most of the 
courtyards in hot and dry region, the courtyards in 
Shushtar lack the trees or pool. One of the main 
reasons of this absence is the existence of basements 
below the courtyards. There are often some openings 
in the lower level of the courtyard. These openings 
are connected to vertical canals (si-sara) providing 
air and light for the second basement (shovadan).

On the other hand, the upper level of the court-
yard (called kharand) has the same level of the 
ground floor rooms. It is normally considered as 
a circulation space. This space was also used in the 
hot seasons as a sleeping place during the night. 
It is generally implanted over the first basement 
(shabestan) in the southern part of the house. 
Therefore, these kinds of terraces provide some 
openings for shabestans.

The vernacular dwellings in Shushtar have spa-
cious and multifunctional rooms. Their location 
depends on the position of the courtyards, ter-
races (kharand) and access to the basements. The 
ceiling heights in these rooms are considerably 
high, but lower than those in Southern vernacular 
buildings.

There are also some services around courtyards 
including various elements such as kitchen, cub-
byhole, cupboard, toilet, etc. Other elements like 
bathroom or guard•s room exist only in certain 
houses. The roof was also an important part of the 
houses in Shushtar. In the sunset, inhabitants used 
to water the roof to make it fresh before they sleep 
there during the night. The connection between the 
open and built spaces is often provided by shaded 
intermediate spaces such as vaulted rectangular 

halls (iwans), entrance halls (hashti), stairwells, etc. 
The construction of iwans as a main intermediate 
space is very common in the hot regions of Iran. 
The vernacular buildings in Shushtar are a formal 
arrangement of rooms separated by iwans.

Figure 1. Ground floor plan of Moïn ul-Tojjar house (Shushtar Heritage Center).

Figure 2. Courtyard of Aminzadeh house (Shushtar 
Heritage Center).
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The central intersection of iwans is the open 
courtyard.

The summer main iwan is a vast space with 
two floor heights situated in the south part of the 
house. This space is wide open toward the court-
yard, covered with a vault and constantly in shade. 
However, the iwans built in the houses of Shushtar 
is different from those of the other Iranian set-
tlements. A house in Shushtar can posses many 
iwans with different dimensions, locations and 
directions.

The entrance hall (hashti) is an element which 
assure the privacy of inhabitants from urban life. 
It guides the movement in two opposite direc-
tions. This hall is placed behind the entrance of 
the house. Most of the times it has rectangular 
or octagonal plan. In most of the historic houses 
of Shushtar, the entrance hall is connected to the 
courtyard with a long •LŽ shape corridor.

3 INHABITANTS AND THEIR HABITATS

3.1 Different uses of spaces according to the 
amplitudes of daily and seasonal temperatures

To analyze different spatial composition according 
to the amplitudes of daily and seasonal tempera-
tures, ten houses were studied: the houses of Moïn 
ul-Tojjar and Eftekhari built in the Safavid era 
(1501…1722); and the houses of Mostofi, Mar•ashi, 
Aminzadeh, Tabeh, Rezvan, Douraghi, Fadavi and 
Vafadar built in Qajar era (1781…1925). This study 
shows us the following results:

1. The houses of Mar•ashi, Aminzadeh, Douraghi, 
Fadavi and Vafadar are mainly developed in the 
south side of the courtyard. Rooms in this side 
are protected from the sun. These rooms are 
deep and possess a high ceiling height. They 
were often inhabited during autumn, winter and 
spring, except the hottest afternoons.

2. The houses of Mostofi, Moïn ul-Tojjar, Tabeh, 
Rezvan and Eftekhari have separated summer 
and winter parts. The ancient inhabitants prac-
ticed a kind of nomadism inside these houses. 
Rooms and terraces of the north side of the 
courtyard are used during the cold season. 
Those of the south side of the courtyard are 
rather inhabited during spring and autumn.

3. Shabestans or first basements were generally 
inhabited during the high temperature seasons.

4. Shovadans or deep basements were used during 
the hottest days of the year and also during the 
war periods.

5. The courtyard is used in spring and autumn, 
during the morning, in the evening and at 
night.

Figure 3. Section of Tabeh house (Shushtar Heritage 
Center).

Figure 4. Section of Eftekhari house (Shushtar Heritage Center).
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6. The terrace or upper floor of the courtyard 
(kharand) is used after sunset and during the 
night in hot nights.

7. The roof of the building is occupied during the 
very hot nights with favorable winds.

3.2 Intermediate spaces or devices between open 
and built spaces

The connection between open and built spaces is 
assured by intermediate spaces or devices to con-
trol lighting and thermal exchanges:

1. Winter rooms are directly connected to the 
courtyard.

2. Summer rooms are connected to the courtyard 
through iwans or corridors.

3. Shabestans are connected to the courtyard by a 
staircase and windows.

4. Shovadans is connected to the courtyard by a 
staircase or vertical tunnels (si-sara).

5. Some shovadans are connected to the roof by 
wind towers (badgirs).

4 PROGRESSIVE TRANSFORMATION 
OF VERNACULAR ARCHITECTURE 
IN RELATION TO THE SOCIAL AND 
CULTURAL EVOLUTIONS

The historic houses of Shushtar were inhabited 
by extended families. These social units are eco-
nomically based on a collective work directed by 
the head of the family. The diversity of spaces 
inside a vernacular house is the result of this mul-
tifamily structure of their inhabitants. According 

to the architectural heritage in the historic neigh-
borhoods of Shushtar, the oldest existing houses 
date back to Safavid era. These dwellings consist 
of a big spatial variety translating the lifestyle of 
this period. As we can notice it in the plans of the 
house Moïn ul-Tojjar, the building consists of fol-
lowing parts:

1. The biruni courtyard and its related rooms: this 
part is dedicated to the collective work of inhab-
itants supervised by the head of the family. It is 
also a storage place for goods and family pro-
ductions. Furthermore, biruni courtyard served 
as a place of meetings related to the economic 
activities of the family.

2. The andaruni courtyard and its related rooms: 
this part of the building is intended for the 
private lives of occupants. It is used for famil-
ial gatherings, relaxing or as a playground for 
children.

3. The khalvat courtyard and its related rooms: it 
is the smallest part of the house where inhabit-
ants took care of services and daily affairs. It is 
also a place intended for the guests.

According to the transformation of the mul-
tifamily structure, the spatial diversity of houses 
decreased in the following era. For example, the 
house Douraghi built during the Qajar era, does 
not possess a khalvat courtyard. The biruni court-
yard, at the same time, is intended for the socio-
economic activities and for the guests. Its andaruni 
became the place of the private life and other daily 
services.

The area of houses and the number of their 
courtyards are the indications of the socio-
economic power of the family. The progressive 

Figure 5. Ground floor plan of Vafadar house (Shushtar Heritage Center).
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decomposition of extended families during Qajar 
era, gave rise to the formation of less developed 
houses, which were constructed for the less inhab-
itants. These buildings were mostly intended for 
inhabitants with less important economic activities 
and power compared to the Safavid period. This is 
the main reason that most of the houses built in 
the Qajar era possess a single courtyard. Moreo-
ver, the number and the area of their intermediate 
spaces (iwans), their circulation spaces (staircases, 
corridors, entrance hall, etc.) and their under-
ground rooms (shabestan and shovadan) decreased 
(Bozorgnia & Mashhoodi 1995). The houses Vafa-
dar, Fadavi, Rezvan, Tabeh and Aminzadeh were 
built only as inhabitable place rather than both liv-
ing and working place. The economic activities of 
their inhabitants took place in external locations. 
In certain cases, the guest•s rooms were built on the 
first floor (for example in the houses Vafadar and 
Fadavi).

5 CONCLUSION

The city of Shushtar possesses an ancient techni-
cal culture of at least eighteen centuries. The spa-
tial and technical characteristics of its vernacular 
architecture shows a deep relation between its 
social structure, cultural activities, climate condi-
tions and natural resources.

In regard to increasing concerns of ecological 
and environmental issues, this study analyzed sus-
tainable techniques in the vernacular architecture 
of Shushtar. The variety of spatial components, the 
existence of different intermediate spaces, and the 
use of diverse devices and elements show the com-
plexity of architectural and building techniques 
developed in this region. On one hand, this devel-
opment is a result of a long and progressive proc-
ess of technical experimentations by local people 
and master builders. On the other hand, it shows 
their knowledge exchange with other societies.

Thus, this analysis tried to emphasize on two 
important points of view about the evolution of 
vernacular techniques:

1. The first one concerns the adaptation of some 
architectural elements and devices like court-
yards, iwans, vaults, badgirs, cross ventilation 

systems, etc. through the transfer of know-how 
and knowledge between neighboring regions 
with different geo-climatic contexts.

2. The second one is related to the progressive 
transformations of these architectural elements 
and devices during social and cultural evolu-
tions in successive periods.

The study of these two important issues tries to 
open new subjective approaches about the context 
of technique and its spatiotemporal dimensions.
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ABSTRACT: Sustainability and vernacular architecture are two closely related terms; both have in 
common adaptation to the environment as one of the reasons for their existence. The aim of the present 
paper was to study the metabolic cost of vernacular architecture in terms of embedded primary energy 
and CO2 emissions into the atmosphere generated during the construction of the structural walls and 
the envelope of a detached single-family home, as compared to conventional structures in residential 
buildings constructed in accordance with current building standards. The life-cycle phases studied in the 
analysis were the construction and useful life of the building. The results show that, although less energy 
is required for its construction, vernacular architecture„at least of the type studied here„requires large 
quantities of energy to maintain comfort levels during its entire useful life.

2 MATERIALS AND METHODOLOGY

A number of studies (Zhai & Previtali 2010) have 
pointed out that European construction mainly 
takes place on a mass scale. The sample chosen was 
a single-family detached house, as this is the most 
frequent type of home in Europe. A recent study 
of European building stock (Nemry et al. 2008) 
has shown that 52% consists of houses of this type 
and that, in spite of the wide variety of building 
types included in this, the sample population is suf-
ficiently large to provide reasonable conclusions. 
Of the climate zones used in the study, our sample 
can be identified as belonging to the Mediterranean 
Area. This is the least efficient of the climate zones, 
as defined by the International Energy Conserva-
tion Code (IECC), and was chosen as the subject 
for study as it allows the above-mentioned LCA cat-
egories to be optimized. The single-family dwelling 
in question is situated in Valencia, its geographical 
coordinates being N 39º28•56•• O 0º20•14••. It con-
sists of a ground floor and a first floor. The build-
ing envelope and internal vertical columns are made 
of solid brick and lime mortar. The floor is consists 
of brick beam fill and gypsum mortar constructed 
on top of solid wooden beams. Plans of the sample 
can be seen in Figure 1 (Del Rey 2007). Figures 2…3 
contain photographs of the building and an aerial 
view of its location, respectively.The methodology 
consisted of assessing the two previously mentioned 
LCA categories, during the construction and useful 
life phases, for each of the three structural systems.

For the embedded primary energy category, a 
calculation was made for the structure as if  it were 

1 INTRODUCTION

Vernacular architecture is the norm: the calcula-
tions involved in ninety percent of  building struc-
tures have not been made by architects but by the 
owners themselves (Zhai & Previtali 2010). This is 
an enormous proportion of  the stock of  buildings, 
which therefore merits a study of  their sustain-
ability, as well as a comparison with conventional 
buildings made with reinforced concrete and steel 
frames. The use of  vernacular materials in archi-
tecture enhances building performance (Zhai & 
Previtali 2010) due to the low amounts of  energy 
required for their acquisition and transporta-
tion to the construction site. In addition to this, 
Nature is a great provider of  solutions which have 
a minimal metabolic cost (Gordon 2004). Also, 
if  vernacular architecture could assist in tem-
perature regulation and thereby reduce current 
reliance on electrical power, then this would both 
improve sustainability indices and relieve pressure 
on the electricity networks of  developing coun-
tries (Sánchez-Montañés 2007).The aim of  this 
paper is thus to accurately measure the embedded 
primary energy categories and CO2 emissions by 
means of  a life cycle assessment (LCA) in order 
to obtain an objective assessment of  the environ-
mental sustainability index of  vernacular archi-
tecture and to be able to discount the generally 
unfounded speculations and opinions as regards 
the energy consumed by, and the environmental 
sustainability of, this type of  building. This paper 
focuses solely on the life-cycle phases of  the con-
struction and use of  the building.
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made of reinforced concrete or structural steel, 
these being conventional frame systems, in accord-
ance with the Eurocodes, strictly complying with 
the requirements of current standards. For this we 
used the software program Architrave (Universitat 
Politecnica de Valencia 2011).

We then calculated the energy requirements by 
measuring the masses of the elements making up the 
structure. Each mass was assigned a certain embed-
ded energy and CO2 emission value, in accordance 
with the BEDEC database (Institut de Tecnologia 
de la Construcció de Cataluña 2014). Measurements 
were also taken of the mass of the actual structural 
elements in the sample building. In order to calculate 
the primary energy consumed during the building•s 
useful life we used the CERMA Program (Univer-
sitat Politècnica de València 2013). In frame struc-

tures both the building envelope and the openings 
are identical to and comply with the standards of 
the Spanish building regulations (Código Técnico de 
la Edificación, CTE). The actual building retains its 
characteristics with regard to insulation and door 
and window openings in the building envelope.

3 CALCULATIONS

3.1 Construction phase

The structure of the two conventional building 
systems was calculated in accordance with current 
standards. For the case of the construction of the 
sample house, the elements composing the struc-
ture were measured. The structural models used 
can be seen in Figures 4…5.

After these calculations, the embedded energy 
and emission coefficients obtained from the BEDEC 
database were applied to the materials used in the 
present study, as can be seen in Table 1.

3.2 Useful life

The period of useful life considered in the study was 
50 years after construction is completed. Given the 
massive nature of the sample structure, and that it 
includes the building envelope, when assessing the 

Figure 1. Plans of the single-family home chosen as 
sample.

Figure 2. A shot of the outside of the sample building.

Figure 3. Location of the sample (Google maps).

Figure 4. Structural model in reinforced concrete 
(Architrave).

Figure 5. Structural model in structural steel 
(Architrave).
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energy values of the conventional frame structures, 
that corresponding to building envelope was taken 
into account for the calculation of the structures• 
embedded energy. Thus, the parameters of a con-
ventional building envelope were used: a hollow-

brick cavity wall covered with plaster in the interior 
and by cement mortar on the outside, with a 4 cm 
internal layer of expanded polystyrene insulation.

The total wall thickness was 30 cm, identical to 
that of the current building, in order to obtain a 
realistic comparison. Window frames were of lac-
quered dark aluminium with 4-6-4 double glazing. 
The proposed roof included 6 cm of expanded 
polystyrene under 2 cm of mortar and a layer of 
clay tiles, placed over either a reinforced concrete 
slab or a corrugated decking sheet.

Those floors in contact with the ground were 
completely insulated by 6 cm of expanded polysty-
rene on a gravel base. Both models were in complete 
compliance with the CTE standards. To calculate 
the sample building•s energy requirements we pos-
ited openings with wooden frames and 4 mm thick 
single glazing. The roof consisted of wooden cross 
beams supporting slats and ceramic brick. Clay 
tiles were laid over wooden boards and a layer of 
cement mortar. This building technique does not 
include insulation in either walls or floors, includ-
ing those in contact with the ground.

4 RESULTS AND DISCUSSION

The vernacular structure is the type of building 
which requires the greatest mass for its construction, 
due to the massive amount of material in the build-
ing envelope and this is typical of such architecture 
in this area. On the other hand, this is also the system 
that requires the smallest amount of primary con-
struction energy, with a 15% saving when compared 
to reinforced concrete and a notable 34% saving 
when compared with structural steel buildings. How-
ever, conventional architecture provides considerable 
savings, around 66%, in comparison with vernacu-
lar architecture with regard to the energy consumed 
during its lifetime. These results can be seen in 
Table 2 and they are mainly a result of the effects of 
current energy efficiency standards. Their effects can 
also be seen in the CO2 emissions to the atmosphere, 
a key LCA category for the construction industry. In 
this case, in spite of the presence of a •sinkŽ effect 
due to the storage of CO2 by the wooden structures 
included in the system, the vernacular architecture 
generates the highest emissions, duplicating those of 
its two competitors (Table 3).

Table 4 provides a summary of the primary 
energy consumption during the building•s con-
struction and useful life phases together with CO2 
emissions per m2 constructed. In conventional 
concrete frame buildings the construction phase 
requires between 20% and 24% of the total energy 
consumed. In the case of vernacular architecture, 
this figure is only 7%, due to the high percentage 
required during the building•s useful life.

Table 1. Primary energy consumption and CO2 emis-
sions of the study materials (BEDEC, ITC Cataluña).

Material

Primary
Energy

CO2

Emissions



MJ/Kg Kg
CO2/Kg

Kg/m3

B500S Steel Bars  35.11  3.01 7 800
S275 JR Laminated Steel  43.30  4.26 7 800
HA/25/B/IIa Reinforced 

concrete columns
  1.17  0.16 2 538

HA/25/B/IIa Reinforced 
concrete beams and slabs

  0.73  0.12 2 538

INCOPERFIL 70.4 
e = 0.75 mm Corrugated 
sheet metal decking with 
upper concrete layer 
HA/25/P/I

  2.42  0.24 …

70 × 23 × 22 cm Light 
cement mortar block 
for slab

  2.35  0.22 2 358

Solid brick with cement 
mortar e = 28 cm

  2.23  0.19 2 016

Floor slab…Wooden beams 
supporting brick beam 
fill with plaster and fine 
aggregate

  2.02  0.20   230

25 × 10 cm softwood beam  2.10  0.06   600
40 × 30 cm softwood beam  2.10  0.06   600
Hollow clay bricks 

with cement mortar 
e = 11.5 cm

  1.95  0.18 1 055

Hollow clay bricks with 
cement mortar e = 7 cm

  1.98  0.19 1 079

Perforated clay bricks 
with cement mortar 
e = 11.5 cm

  1.95  0.17 1 509

Gypsum plasterwork   1.06  0.10 2 118
Mortar screed e = 2 cm   1.42  0.26 2 422
Waterproof membrane cov-

ered tar and polyester.
 43.45  6.39 1 860

Expanded polystyrene ther-
mal insulation = 0.04 W/
m2 K

117.0 17.3    21

Varnished clay tiles with 
cement mortar

  6.19  0.40 …

Colorless glass with
beading e = 4 mm

 15.9  0.94 2 500

4-6-4 Double glazing units  17.23  1.07 2 500
Solid pinewood carpentry   4.02  0.28   550
External alumin. fittings 193 28.3 2 700
Plastic paint on ext mortar  20.03  2.95   550
Plastic paint on int plaster  40.3  5.94   550
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5 CONCLUSIONS

The massive nature of vernacular architecture is 
evident from the fact that the building in question 
requires 22% and 69% more mass than reinforced 
concrete and structural steel, respectively. However, 
this feature, generally seen as a positive, is also its 
biggest drawback, since even though the materials 
used in its construction generate lower of primary 
energy demands per kilogram of building materi-
als used, the enormous mass required still leads to 
a high energy value. In spite of this, it is the clear 
winner in this aspect of the LCA, being 18% and 
46% more efficient in primary energy than its two 
competitors, with structural steel being at the great-
est disadvantage in this respect. As regards the pri-
mary energy required during the building•s useful 
life, there is a large difference between the vernacu-
lar structure and the frame structures, currently 
typical of conventional architecture. The very 
small insulation values in walls and especially in 
the roof and floors translates into a 300% increase 
in primary energy consumed during the building•s 
useful life. Two things are thus quite clear. Firstly, 

current building standards have ensured that con-
struction materials and systems are more energy 
efficient than was previously the case. Secondly, 
there is a need to make the huge stock of vernacu-
lar buildings more energy efficient. The aim should 
be to respect the original architectural principles 
involved while improving their energy-related per-
formance, at least as regards the building envelope.
The lack of insulation, at least in the type of build-
ing studied (which we referred to in the introduc-
tion as being one of the least efficient and most 
vulnerable to energy loss), converts this type of 
building into a CO2 generator during its useful life. 
These emissions need to be reduced according to 
current energy use guidelines.

The CO2 emissions generated during the two 
phases of the LCA are almost in exact proportion 
to the consumption of primary energy. The only 
possible way in which vernacular architecture could 
improve with regard to emissions would be through 
the sink effect of using wooden structural elements 
in the building. However, the effect of this would 
be practically insignificant for two reasons: such ele-
ments represent a small proportion of the total mass 

Table 2. Total primary energy consumed in outer walls and structure.

Structural System

Mass Required
in Construction

Primary Energy
used in Construction

Primary
Energy in Use

Construction/
Use Ratio (%)

Total
Primary Energy

(Kg) (MJ) (MJ) % (MJ)

Vernacular Arch. 292 307   726 444 9 968 526  7.3% 10 694 970
Reinforced Concrete 238 992   858 287 3 349 602 25.6%  4 207 889
Structural Steel 172 854 1 062 680 3 328 578 31.9%  4 391 258

Table 3. CO2 Emissions of outer walls and structure during construction and use.

Structural System

Emissions CO2 Sink Effect Applicable Mass Sink Effect Total Emissions

(Kg CO2) (Kg CO2/Kg madera) (Kg) (Kg CO2) (Kg CO2)

Vernacular Arch. 777 266 1,80 7 204 Š12 967 764 299
Reinforced Concrete 335 996 335 996
Structural Steel 352 820 352 820

Table 4. Energy and CO2 emission efficiency of the structural systems per constructed m2.

Structural System

Primary Energy 
Construction /m2constructed

Primary Energy Useful
Life/m2 constructed

CO2 Emissions/m2 
constructed

(MJ/m2) (MJ/m2) (Kg CO2 	10/m2)

Vernacular Arch. 2 421 33 228 2 547
Reinforced Concrete 2 861 11 165 1 120
Structural Steel 3 542 11 095 1 176
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of the building, and one must also take into account 
the enormous quantity of emissions generated by 
the vernacular building during its lifetime, as com-
pared to its two competitors. An in-depth study of 
the different types identified in the IMPRO-build-
ing project (Nemry et al. 2008) would permit the 
energy consumption of each type to be quantified 
and would identify ways of improving the different 
elements used in building envelopes.
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ABSTRACT: Some small historical towns in central Italy today show many problems regarding their 
conservation. These are connected to the depopulation due to changes in the economy and lifestyles par-
ticularly during the second half of the 20th century. The illustration of the main building characters of 
these houses in some small towns of Abruzzo (such as Castelvecchio Calvisio, San Benedetto in Perillis, 
and Fossa adjacent to L•Aquila), especially in the mountain area, allows us better to understand the nature 
of this architecture. However, we must consider also the way in which these residential units have been 
joined together, and how they have been transformed over time. After this analysis, we are able to focus on 
the main problems of conservation and use, and to understand if  and how such small towns may be seen in 
terms of sustainability, maintaining their own characters and giving them a new possibility of life.

With a gradual realisation that typological study 
could not automatically resolve the problems of 
integrating contemporary construction into his-
torical towns, a new interest in rural architecture 
arose from the point of view of conservation. 
Thus at the same time new tools for investigating 
ancient structures were created, particularly from 
an archaeological perspective, and from a special 
interest in the technical components of the build-
ings. The same interest in the material realities of 
such buildings encouraged analysis oriented in one 
sense toward the comprehension of existing build-
ing (De Minicis & Guidoni 2001) and in another 
into its conservation and maintenance (Musso & 
Franco 2000).

1.2 Conservation issues versus re-use?

If the study of rural buildings sometimes links 
the problems of isolated buildings to those of the 
architecture of small towns, the conservation aims 
often deal with different issues. Conservation of 
the landscape„a primary necessity for natural 
parks in the Italian peninsula„naturally informs 
the main goals of maintaining and respecting exist-
ing architecture, generally without imposing the 
original use of the building. By contrast the issue 
of building use makes the conservation of rural 
small towns a very difficult task, where the bias of 
economic interests creates a lot of resistance to the 
respect and enhancement of traditional houses.

It has been said that archaeology without his-
tory (also because of the scarcity of documenta-
tion) and urban planning without architectural 
design (mainly because of the private ownership 
of property and the weakness in public interest) 

1 CONSERVING RURAL ARCHITECTURES 
IN THE SMALL TOWNS

1.1 A century of studies in Italy

The study of •minor• rural architecture, isolated 
in the countryside or within small towns, is one 
of the typical •transversal• topics of architecture. 
Originally in Italy the subject was not particularly 
differentiated from research into urban dwellings, 
as the object of morphological consideration for 
historians of architecture. For the most important 
buildings these studies looked at the formal char-
acteristics of doors, windows, frames and other 
external components; in the case of workers• dwell-
ings, they considered the shapes or the disposition 
of functional components, such as roofs, chim-
neys, stairs or loggias (Pagano & Daniel 1936). To 
an extent, dates and content follow the scientific 
development of other countries, especially that of 
France, one of the first to be interested in this sub-
ject„not only for reasons of culture and design 
but also for conservation issues (see bibliography 
in Garrigou Grandschamp et al. 1997).

Gradually, minor architecture became the object 
of typological studies that considered the form of 
settlements, shape, and the system of aggregation: 
much research was performed by architects and 
geographers in defining the typical local features 
of different parts of Italy (Musso 2005). Studies 
of traditional residential typologies peaked in the 
1960s and •70 s (Caniggia & Maffei 1979), especially 
with relation to urban buildings, but the develop-
ment of a census of rural houses in the increas-
ingly defined territory included many observations 
about isolated and aggregated buildings.
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are the latest directions in which conservation has 
been developing.

Since the beginning, with a morphological 
approach, detail (first in its formal appearance and 
then in its technological one) and a general profile 
(in the territorial context) have been the main sub-
jects of analysis and of planning, for evident reasons 
which are linked to the difficulties of managing the 
complexities of these sites. Thus projects focused on 
historical and minor buildings are still able to find a 
large number of ways in which to betray the aims of 
conservation, if they are not strictly controlled.

For the maintenance of small towns we believe 
that historical understanding and the architectural 
scale must occupy a much bigger space in the efforts 
for safeguarding existing buildings, avoiding simple 
shortcuts in ready-made solutions, and encourag-
ing new fully-compatible functional proposals.

2 HISTORICAL SMALL TOWNS AND 
HOUSES IN INNER ABRUZZO

2.1 Values risks of an almost uncontaminated 
area

Until the earthquake of April 6, 2009, the territory 
in the seismic crater of L•Aquila was one of the best 
preserved areas of central Italy. While the moun-
tainous features of the region tended to promote 
the gradual depopulation of small towns, they also 
helped the original landscape and historical build-
ings to survive without major transformation. The 
creation of national parks in the area was a conse-
quence, and not the cause, of this preservation.

After the first medieval age, the altitude of the ter-
ritory and the organization of productive land did 
not encourage the building of isolated rural edifices, 
which are therefore rare and relatively recent: mainly 
churches and refuges for shepherds. This is also 
the reason for which rural architecture in Abruzzo, 
which was also well described in the novel •Fonta-
maraŽ (Silone 1933), was the subject of books dedi-
cated to dwellings in small towns with reference to 
the inner part of the region (Ortolani 1961).

These small towns are medieval fortified settle-
ments, made up of densely aggregated buildings, 
equipped with a few defensive elements, and part 
of a fortification system spread throughout the ter-
ritory (Chiarizia & Gizzi 1987, Bonamico & Tam-
burini 1996).The problem of depopulation in these 
towns is a well-known phenomenon, dating from the 
beginning of the twentieth century, and especially 
evident after the Second World War. Depopulation 
limited the alterations of historical features (as has 
happened along the coast as well as in the inland 
area destroyed by the earthquake of 1915 and the 
reconstruction that followed) but it has also intro-
duced new vulnerabilities into the structures, which 

had already been revealed by damage and collapse 
before the last earthquake. The resuscitation of small 
historical towns has been the topic of much urban 
research, which has been careful to distinguish their 
morphologic features, their uses, the value of how 
they are perceived, and the main typologies of build-
ing (Rolli 2008). As in other parts of Italy, charac-
teristics were scrutinised on the urban scale, at least 
in some small towns, examining masonry, frames, 
and defensive aspects, often considering these com-
ponents in isolation from the architecture, although 
occasionally being more attentive to the holistic 
organization of the buildings (Zordan et al. 2002). 
The damage caused by the latest earthquake encour-
aged the formation of •reconstruction plans•, few of 
which focused on the problems of conservation, but 
instead on the use, development and safety of the 
towns. The scarcity of preservation aims in the remit 
of many of these plans, and the difficulty with which 
such an approach was received by the population and 
local designers, raises concerns that new degradation 
will affect the minor architecture of this area.

2.2 Stone houses: persistence of use, evolution 
of lifestyle

The typological model of houses in the small towns 
of inland central Italy is well known: the combina-
tion of two simple, vertically connected rooms, the 
lower level used as a barn and the upper floor as a 
peasant dwelling, has been recognized as the stand-
ard basis for other, more complex buildings in histor-
ical towns in Italy (Caniggia & Maffei 1979). Some 
of these units follow the shape of the ground, using 
various similar strategies adapted to the height dif-
ferences as a convenient system for separate access 
to the barn (with an entrance at the lower level) and 
the dwelling (with a doorway at the upper level). 
This system is observable in every small town in this 
area (also recorded in studies about San Benedetto 
in Cantalini & Placidi 2009, Zampilli 2011).

Another useful system that takes advantage of 
differing ground heights is evident in the location 
of external stairs, profferli, which provide ingress 
to upper inner residential spaces separate from the 
lower level. This is the reason for its success in iso-
lated rural houses, with stables or barns, or in some 
medieval urban buildings, with commercial or stor-
age uses on the street. On uphill streets, the length 
of the stairs is able to be reduced, and these ele-
ments are arranged in the opposite direction to take 
advantage of the angle of the street. Profferli  are 
distributed throughout central and southern Italy, 
and are also found on the eastern Adriatic coast 
and in France (De Minicis 1992). Normally they 
are supported by a wall (for the steps) and an arch 
(for the balcony between the lower and the upper 
entrance); in other cases the system is supported by 
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arches. In most examples, the presence of the exter-
nal staircase requires streets of a certain width, and 
the compact structure of the wall is finished by a 
parapet for safety, usually on the top.

The small towns of inner Abruzzo have narrow 
streets and use profferli built on two arches, with 
many variations. In Castelvecchio Calvisio the pres-
ence of external stairs characterizes the image of the 
entire town. Some of them have a particularly origi-
nal structure: the first stone steps stick out from the 
wall along the ramp„to reduce the volume of the 
basement and to enlarge the street„while the upper 
part of the ramp is supported by arches which lean 
on long shelves composed of three overlying stones. 
Sometime this is characterized by an aesthetically 
pleasing a longer projection of the stone steps, even 
though these are unsafe, particularly because of the 
frequent absence of parapets (Figs. 1, 2).

Sometimes the external stairs, built in connection 
with the edifice, evolved into loggias and in new 
foreparts of the building, as we are able to observe 
in Santo Stefano di Sessanio, where an original 
house that dates from the 13th to 14th centuries 
next to Via degli Archi, built using a profferlo, was 
altered by the creation of a loggia and with a new 
façade, probably between the 15th and 17th centu-
ries. External stairs are among the most widely dis-
tributed features that express the historical identity 
of small towns in this part of Abruzzo.

Residential units in various small towns exhibit 
different means of connection in relation to the 
spontaneous or planned growth of the settlement, 
the morphology of the site, or the alteration of 
buildings over time. Most small towns generally 
suggest spontaneity in the creation of buildings, 
shown by irregular features in urban and architec-
tural shapes, the persistent use of irregular lime-
stone masonry, and the selection of simple and 
popular decorative elements, especially frames 
of windows and doors. In a few cases, such as in 
Castelvecchio Calvisio, the individual shape of the 
town layout reveals the probable existence of an 
urban plan that may be dated to the end of the 
12th century, with a rapid construction of row 
houses from north-west to south-east, which con-
tinued until the first decades of the 13th century 
(Fiorani, in press). This peculiar regularity allows 
us to understand the nature of the transformation 
of building in Castelvecchio in a clearer way than 
in other nearby small towns, particularly in the 
light of the absence of historical documentation.

The original medieval units were character-
ized by the presence of a single residential room, 
used as a bedroom and living room by 4…5 people 
(something we can deduce from the typical number 
of family members). In some cases, a wooden mez-
zanine enhanced the usable area of the dwelling, 
and permitted the location of beds away from the 
common space. Very few units from the medieval 
age remain unmodified (Fig. 3); most of them 
were altered as the buildings grew, and by modi-
fication of the finishing and the floors„and thus 
the original external characteristic and the location 
of various facilities can be difficult to determine. 
Problems in identifying the oldest characteris-
tics are also caused by the persistence of various 
technical solutions. This system, found in both 
small and big towns, such as Castelvecchio and 
L•Aquila, used a controlled organization of roof 
pitched which is testified to by the angle of many 
overhanging stones in the upper part of the build-
ings, following a sloping path, something required 
by the arrangement of stone pipelines, as we can 
still observe in buildings of Rocca Calascio.

Another ancient feature is the narrow windows at 
the base of the façades and, in Castelvecchio, between 

Figure 1. Castelvecchio Calvisio, via Caronte. (Ganesh Poggi Madarena & Federica Ratti).

Figure 2. Profferli  in Castelvecchio Calvisio (D. 
Fiorani).
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one barn and another or within the inner gap; apart 
from the door, these were the sole entrances for light 
and air within the room. The door was probably 
equipped with a wooden shutter with small open-
ings, as we can still observe in later designs.

The growth of towns in inner Abruzzo is con-
nected to the development of the economy linked 
to local agricultural products and, especially, to 
sheep farming and the commerce in wool between 
the 13th and 16th centuries. This period was ini-
tially characterized by the vertical growth of 
houses, then by the fusion of units into townhouse. 
At the same time, popular decorations increased, 
especially in window frames, sometimes dated by 
the stonemasons (Tronca 1987), or by the addition 
of the coats of arms of feudal lords.

The way in which houses expanded in Castelvec-
chio has been carefully studied; this is linked to 
the extension of external stairs or the insertion of 
new inner stairs perpendicular to the façades, and 
to the substitution of wooden floors with stone 
vaults. As different units were joined together, new 
connections between separated blocks were made 
via galleries supported by arches. Arches were also 
used to join longitudinal walls, probably after the 
more intense earthquakes in the area (1349, 1456, 
1461), and were almost certainly incorporated 
into the construction of later buildings, as may be 
observed in many small towns here.

The most evident product of this new form of 
growth are covered passages, still present in many 
small towns in the territory (the name •Via degli 
Archi• is quite common in this area). This solution 
allowed both the protection of external passage-
ways, and the enlargement of homes. Significantly, 
the enlargement of home involved the building of 
towers and also tower-houses on the town walls. As 
the dwellings became bigger, they kept the original 
one, or two, pitched roofs that slope towards the 
street, which still covered the individual original 
units. Connecting rooms together using wooden 
floors allowed families a more comfortable life.

In addition to the masonry styles, much evidence 
of these building phases is preserved: the exterior 
coating of the walls with a thin coat of plaster, cre-
ated by rubbing fresh material over the stones with 
a rag, can be observed on many façades and within 

functional spaces; other signs are preserved, and 
their relationship with the structure shows the lon-
gevity of traditional systems: the water supply, with 
stone pipeline and wells; the small niches in the wall 
for the oil lamps. Few privies are visible, originally 
realized by a simple hole in the wall or with a struc-
ture sticking out from the wall supported by two 
stone corbels either side of a drop-space. The fire-
places of this period are more easily recognizable 
by the rare presence in these early •townhouses• of 
various coats of arms. Their features are quite simi-
lar and simple, always comprising stone masonry 
and the skilful use of corbels. Sometime the chim-
ney pipe overhangs the external wall.

The joining together of the original units pro-
gressed with the reconstruction required after the 
1703 earthquake. The introduction of flat bricks 
in the construction of inner partitions and vaults 
distinguishes this period: in the former case they 
were used to create new divisions and corridors in 
the ancient rooms, while in the latter they replaced 
old wooden floors with a more fire-safe material.

The alteration of the original unique rooms 
into many specialized spaces, from the 13th to the 
18th and 19th centuries, was not always fully real-
ized: in Castelvecchio Calvisio, 12 out of around 
200 houses maintain their original configuration, 
while approximately 24 show only the first phases 
of transformation by their vertical elevation. Fur-
thermore, some facilities never totally arrived: a 
communal oven was used by the population right 
into the 20th century, a direct water supply dates 
back only to 1911, and many houses had only very 
rudimental toilets„or even none at all„when the 
town•s definitive abandonment began. The growth 
and metamorphosis of these houses was a continual 
phenomenon, following cycles of expansion and 
population crisis in the context of a relatively static 
background of regional economic organization 
and traditional building techniques. The passage 
of sheep and shepherds, the cultivation of legumes 
in •open fields• and„at least at the beginning of 
19th century„of vineyards, and the production of 
wool, milk and cheese, continued through the years. 
The effect of this territorial system on small towns 
was the comfortable use of dark houses in narrow 
streets, with storage areas and production activities 

Figure 3. The four main typological phases of the dwelling in Castelvecchio Calvisio, 13th - 18th century (Serena Zulli).
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located in the spaces on the ground floor (where 
some tanks, probably built to produce wine, still 
exist). There were few common spaces in the towns, 
outside or inside: in Castelvecchio the church of St 
John the Baptist and the courtyard in front were 
only created at the end of the 15th century.

3 THE BREAKING CENTURY 
AND TODAY

3.1 Everything changes

The power of destruction of the 20th century is 
quite evident, in inland Abruzzo (area of Fucino, 
on the western side of the Velino-Sirente or Pel-
igna valley). Comparing these nearby locations we 
see common reconstructive features which totally 
changed the irregular and varied stone landscape 
by using rigid and completely different concrete 
skylines, where industrial organization erased the 
aesthetic beauty of the buildings almost com-
pletely, along with the signs of historical ways of 
life. Meanwhile, the small towns in this part of Italy 
began progressively to be, especially in the second 
half  of 20th, places used by the elderly, or for sum-
mer holidays. In this latter period, increasing num-
bers of residential owners began to subdivide and 
share the same building units, with many children 
inheriting the same house. In this way, the process 
of division the houses• ownership ended (Fig. 4).

3.2 What future for the abandoned houses

Reconstruction plans have been the answer given 
to the damage of the last earthquake. These plans 
generally attach great importance to the economic 
and social relationship in the re-use of small towns 
in the seismic crater, and the greatest amount of 
attention is paid to the structural safety of the 
buildings. There is generally minimal attention paid 
to conservation values. By contrast, many cases, 
mainly in the mountainous regions of Tuscany, 
have demonstrated that the success of rehabilita-
tion of houses in this kind of town is linked to the 
preservation of their authentic characteristics.

The •extreme• situation of inner Abruzzo requires 
well-articulated projects, with strong ideas about 
social use which can weave together the require-
ments of permanent residency with the fruits of 
tourism, and specialized activities (such as medical 
treatments, food tourism, research centres, telework-
ing, etc.) with the services required for modern life.

At the architectural scale, we observe how far 
this kind of existing architecture is from the normal 
present style of life. For so long time the perfect sus-
tainability of the system was guaranteed by the natu-
ral integration of the landscape and of the human 
existence with the organization of the dwelling. On 

an architectural scale, we can see how far removed 
the original architecture is from current lifestyles. For 
centuries the system was perfectly sustainable by nat-
ural integration into the landscape, and people•s lives 
were integrated into the organization of the dwell-
ings. This balance ceased with the radical change 
of current needs and expectations: longer lifespans, 
attention to the needs of the disabled and, in general, 
sedentary lifestyles make reaching the upper stories 
of buildings almost impossible without mechanical 
assistance„but elevators are impossible in the tight 
structures of the towns, and only specialised vehicles 
can find their way through the narrow streets. The 
problem becomes even greater when considering 
the scarcity of light, and the insanitary nature of the 
lower floors; these factors encourage damaging solu-
tions, such as the transformation of inner levels and 
the demolition of structures (Fig. 5).

External stairs, too, pose safety problems that 
cannot be solved by the installation of industrial rail-
ings without destroying the quality of the façades. 
Moreover the small windows on external walls are 
not generally sufficient to provide light to the inner 

Figure 4. Castelvecchio Calvisio. The different tones of 
grey show eleven different ownerships in a single block 
(elaboration from Sannicandro and Tamburro).

Figure 5. Left: spontaneous maintenance in a house in 
Santo Stefano di Sessanio. Right: a house with its origi-
nal features and two row houses in the process of trans-
formation in the town of Corfinio (D. Fiorani).
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spaces. These kinds of problems are impossible to 
solve if we think in terms of separate plans, guide-
lines or projects for each individual dwelling.

After a period of abandonment, it is a good 
opportunity to resolve many of the problems that 
have been so far highlighted if it is possible to work 
on the entire aggregate of original buildings, with the 
potential to use any gaps to insert the facilities that 
are indispensable in a modern context. The only truly 
effective way to respect what exists and to maximize 
its conservation is to design at a block-wide scale, 
treating each block as a unique organism made up 
of original units brought together by history. Only 
in this way will new interventions be appreciated in 
terms of sustainability, as has been seen with rural 
architecture in the past: initially for the natural ener-
gy-saving properties of the stone walls and for the 
strong link with the territory, but now also in the re-
use of existing building and for a low •consumption• 
of the landscape and its historical values.

3.3 Conclusions

The stone houses in the mountains of central Italy 
present features somewhat similar to those of 
other Italian regions, but they are conserved and 
are decaying in a specific manner, requiring a par-
ticular kind of intervention.

These building characteristics are shared by dif-
ferent sites in inner Abruzzo, and in Castelvecchio 
Calvisio bear a high level of authenticity. The study 
of the buildings, not only through the codified logic 
of their typology but also by regarding the marks of 
former building use and transformation, allows us to 
plan a more adequate type of conservation project, 
which is essential to avoid the destruction of minor 
heritage at high risk.
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Renewable energy sources for rural architecture in fragile landscapes
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ABSTRACT: One of the main problems that can be addressed re-using and renovating the rural archi-
tecture in fragile landscapes is the research of a difficult balancing between conflicting demands. The 
architectural and landscape values, to be preserved and enhanced, may become a sort of obstacle to 
reach some kind of comfort (at least for heat and electricity) requested by new users. Insertion of new 
•stand-alone• systems may cause modification not only on the perception of the landscape, but also on 
the physical maintenance of existing materials and structures and conservation of spaces. With specific 
reference to this topic, the paper deals with problems, reflections and solutions found to give new life to 
abandoned small settlements included in the National park of Cinque Terre, in eastern Liguria, which is 
also listed as UNESCO site.

the research and verify the real applicability of 
systems for the eco-efficiency of the buildings and 
their compatibility with the landscape values.

This is one of the first cases developed in Italy, 
beyond few experiences and two other guides edited 
by the same Ministry (Di Bene & Scazzosi 2006; 
Baldesco & Barion 2011), and testifies the extreme 
attention that technicians in charge of safeguard 
of cultural heritage pose to the issues concerning 
environmental sustainability of historical heritage, 
aimed at overcome a series of technical difficulties 
and cultural constraints.

Improving energy efficiency of traditional 
architecture more constraints and limits than 
opportunities clearly emerge. They are, for exam-
ple, limits imposed by the imperative demand to 
not alter cultural and material values (not all the 
available technical solutions are acceptable for they 
can potentially destroy historical architectures), or 
limits imposed by the economic capacity of the 
owners. In the meantime, other limits derive from 
the specific authorization processes to be followed, 
under responsibility of institutions devoted to the 
safeguard of the historical heritage which gener-
ally do not consider any problem related to energy 
efficiency and do not easily accept contemporary 
technical solutions. The peculiarity of traditional 
architecture excludes any form of standardization, 
often linked to the application of technical devices. 
Furthermore, the complexity and unpredictability 
of any intervention of restoration/renovation of 
historical structures often generate a number of 
unexpected and risky situations which can slow 
down the whole process and impose several reit-
erations and modifications of the project.

1 ENERGY EFFICIENCY AND 
CONSERVATION

1.1 Conflicts...

The research carried out during the last ten years 
by the authors and published as guidelines for con-
servation, maintenance and enhancement of rural 
architecture in several Ligurian parks, regional or 
national (Musso & Franco 2000, 2006, Musso, 
Franco & Gnone 2008) are actually used as practical 
and methodological tools by owners and end users. 
Nevertheless, one main unresolved problem, espe-
cially for those settlements that arise on the hills far 
from any technical supply (as electric net, water and 
gas) regards the possible ways to reach an acceptable 
level of comfort inside and outside the buildings, even 
recurring to new technologies and renewable sources. 
The fact that most of these parks are protected by 
national and regional laws has repercussions on the 
process of authorization of new technical installa-
tion by all the institutions in charge of the safeguard 
of landscape and architectural values, that don•t fol-
low, up to now, unified criteria.

Mainly for these reasons, the Regional Direc-
torate of Liguria for Cultural and Landscape 
Property presented a research project focused on 
the definition of guidelines to improve the eco-
efficiency of the scattered rural buildings located 
in the UNESCO site of Cinque Terre, preserv-
ing their architectural and landscape values. The 
research programme has been financed through the 
funds explicitly issued by the Italian state to cover 
projects and studies for the management of the 
Italian World Heritage properties. The Universities 
of Genoa and Pavia have been selected to develop 
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The enhancement of energy behaviour of tra-
ditional architecture is often reached just insert-
ing new parts in substitution of the old ones. In 
many cases new components (windows, insulation 
materials, boilers, lighting, etc.) are independently 
designed and installed, serviced and maintained 
by different professionals and companies without 
a comprehensive view and understanding of the 
building as a whole and of the historical context 
which it belongs to. The consequences could be, 
on one hand, the superimposition of the modern 
technical approach (with consequent lack of con-
servation) and, on the other hand, the cultural 
distancing of experts in conservation and valorisa-
tion of architectural historical heritage. A cultural 
gap between these two categories of experts could 
deepen and this is not at all desirable nor useful.

The historical heritage may be considered a 
repository of valuable •reusable resources• and its 
integrated conservation can extend their active life in 
reasonable future economic conditions. But histori-
cal architectures are at the same time •non-renewable 
resources• and therefore the interventions should be 
able to cope with specific conflicts of interests, as 
the achievement of new requirements for moderni-
sation and integral conservation.

On the other hand it is not always necessary, or 
possible, to comply with modern comfort stand-
ards and regulations and some distance from these 
technical requirements can thus be accepted. It is 
also dangerous to force the renovation project to 
whatever use and it should be much more profit-
able (for cultural and economic reasons) to adapt 
the use to the building characteristics previously 
determined.

1.2 ...And opportunities

It is the right time to start providing answers to 
all the raised questions, even in terms of historical 
heritage destiny. However, the risk of an excessive 
attention to technical details, that threatens to pro-
mote the primacy of the idea of the •new• at all 
costs, or simply to save fuel consumption, is here 
under attack. The relationship between technolog-
ical innovation and architectural and environmen-
tal research is still largely a process of the simple 
application of products and technologies or, in 
other words, of applied science, which does not 
constitute real innovation. This often leads to an 
unbalanced and risky relationship and to a greater 
emphasis on just the technical components that do 
not correspond to effective cultural advancement. 
Neither do they improve the capacity to assimilate 
and modify the technology to achieve higher long-
term objectives.

Contemporary age often confuses technologi-
cal innovation with the social utility of techniques 

which they need to solve problems, therefore con-
tributing to a vision of technology assumed to have 
total and absolute value (Staudenmaier 1985).

It is mainly for these reasons that the cultural 
heritage sector, more slowly than others, is giving 
more weight to the importance of environmen-
tal technologies. This might even play a key role 
beyond the boundaries of the specific disciplines 
of conservation, in the reporting of the discussions 
and research on a less reductive and more con-
scious plan for the various implications that the 
issues they raise have for the human environment, 
now and in the future.

This may contribute to an ever more necessary 
overturn in the objectives and cultural references 
which until now have been considered exclusive. 
Apart from the issue of conservation of resources 
the concern for the protection of historical and 
architectural goods and the importance of suggest-
ing research into new forms of compatibility may 
be pushed to the foreground.

The culture of conservation, in the broader sense, 
clearly and urgently brings to the surface a set of 
values which help to bring back into the technical 
sphere the importance of understanding its role as 
a means and not as an ultimate end in itself. Never-
theless, the lateness with which the cultural heritage 
sector in its entirety has dealt with the issue of envi-
ronmental sustainability can be transformed from a 
weakness into a point of excellence concerning, for 
example, the possible integration into the building-
plant system of renewable energy sources, primarily 
sun, wind and geothermic. The aspiration is here 
for quality, not only in terms of fuel savings but 
also to open up the way for previously unpublished 
researches on the integration of plant systems.

However, the integration of new plant devices 
with new technology raises other considerations 
concerning the relationship between conservation, 
innovation and design.

The ever more frequent adoption of innovative 
technology and equipments powered by renewable 
energy sources within projects of conservation and 
redevelopment of historical buildings and districts, 
brings into focus the necessity for a new creative 
approach. This should be developed in different forms 
from that which is commonly accepted at present.

Creativity can be expressed through the design 
of components which can be more easily integrated 
within traditional architectures. This can go hand 
in hand with the most recent experiments in the 
field of new materials, for example in the produc-
tion of organic solar cells, or thin film which can 
applied to different supports and act like a photo-
graph printing process, or elements in solar cells 
put on a non rigid membrane and therefore better 
adapted for the production of awnings and other 
additional elements (Franco 2012).
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2 GUIDELINES FOR ECO-EFFICIENCY 
OF RURAL ARCHITECTURE

2.1 Principles and methodology

The tools allowing for the preventive control 
of interventions in the form of guidelines have, 
for several years now, demonstrated an effective 
synthesis of the action taken by participating 
administrators and technicians„from owners to 
investors, developers and users (Advisory Council 
on Historic Preservation 2011; Canada•s Historic 
Place 2010; Changeworks Edinburgh World Her-
itage; Advice Series Ireland 2010; Grimmer et al. 
2011; The Vancouver Heritage Foundation, U.S. 
Department of Energy 2011). A guide dedicated to 
the enhancement of rural architecture according to 
the principles of environmental sustainability can 
above all act as a stimulus and promotion of a cul-
tural behaviour that should be shared among both 
the administration and the community.

The study of architectural, material, structural 
and morphological characteristics represents the 
basis upon which to construct an information sys-
tem concerning the state of conservation and the 
durability of materials and components, as well 
as stability, liveability, effectiveness and efficiency. 
Compared with the information acquired to pre-
pare guidelines for conservation and maintenance 
(Musso & Franco 2006) more data on the behaviour 
and energy efficiency of materials and components 
needs has been collected and assessed (information 
for plant design, which should be calculated theoret-
ically in relation to building features, climatic condi-
tions and exposure and in comparison with available 
data on fuel consumption of similar buildings).

Beyond the technical help (mainly in calcula-
tion) the new guide for eco-efficiency of traditional 
rural buildings faces the problem of the compat-
ibility and permissibility of interventions, espe-
cially concerning renewable energies. As a matter 
of fact, laying out criteria for the admissibility of 
interventions represents a methodological issue 
which needs to be solved in a clear manner, shar-
ing some conservative principles that go further 
the technical feasibility.

The clarification of these criteria (where tech-
nical interventions are considered permissible and 
where not) follows the identification of possible 
technical solutions to problems of thermal insula-
tion of the external seals, both opaque and trans-
parent (ground floors, walls, doors, windows and 
roofs), with particular attention to the window sys-
tems. The eco-efficiency of the building must not 
exclude the plant efficiency and must also consider 
micro-generation (water systems and the supply 
of water, heat, cooling and lighting). Integration 
of renewable energies should therefore allow for 

a consistent saving of resources but should not 
neglect to consider the possibly invasive effect of 
new work on existing buildings.

On these bases, the work has been developed 
following some general principles, as:

1. Effective management of natural resources 
(rainwater collecting and water recovery through 
integrated herbal depuration, wind, sun, bio-
mass) in relation to territorial vocations, on one 
side, and conservation of traditional materials 
and structure, on the other.

2. Conjugation of aesthetic perception with scien-
tific research, by setting up reliable calculation 
methods to assess the real energetic behaviour 
of rural architecture, which must not comply 
with energetic standards.

3. Ability to verify/repeat necessary energetic 
audits for other buildings within the World 
Heritage property or to relate correctly to the 
representative case studies, so as to help the user 
read the analytical results.

4. Adopting simple methodologies, available on 
the market and economically sustainable, with 
regard to costs/benefits ratio, explicating the 
most advantageous conditions so as to orient 
the choice of different installations, including 
those exploiting renewable resources.

5. Maintaining/repairing rather than substituting, 
especially when the installation of new tech-
nical devices becomes necessary, aiming to a 
real architectural and landscape compatibility, 
assuming the conservation of the building and 
its components as one of the fundamental crite-
ria for the admissibility of the interventions.

6. Aspiring to a constructive dialogue between 
technical innovation and architectural enhance-
ment, focusing on sensitivity and creativity.

2.2 Phases of the research

Specifically, the study has been articulated in the 
following phases, set up at the intervention level 
scale, from the territorial one to the architectural 
detail level (De Marco, Franco & Magrini 2013; 
Franco & Magrini 2013; Franco 2013). These 
phases have been developed in parallel and inte-
grated as follows.

1. A systemic landscape analysis of environmental 
resources, territorial vocations and sensitivities; 
the identification of settlement systems and of 
the recurrent building morphologies, in order to 
select three different case studies (the single-cell 
building, the multiple-cells building, the coun-
try house).

2. The analysis of the thermal characteristics and 
of the energetic needs of the scattered rural 
built heritage (starting from the three case stud-

Vernacu_Book.indb   301Vernacu_Book.indb   301 7/31/2014   7:41:14 PM7/31/2014   7:41:14 PM



302

ies) and the identification of criticalities due to 
settlement and constructive features.

3. The identification of the technical operations 
to improve energetic performance of buildings 
(thermal insulation and heating systems) and 
definition of architectural compatibility and 
non-compatibility criteria to ensure the respect 
of traditional building features.

4. Quantification of energetic savings of the adopted 
solutions (evaluated in a combined manner).

5. Definition of landscape compatibility cri-
teria for the insertion of renewable energy 
technologies.

2.3 Beyond the disciplines

Following the strong concept underpinning such a 
kind of project, it is necessary to loosen some of 
the methodological and technical bonds in order to 
overcome the segmentation of competencies, which 
up until now have been playing in this sector. On 
the occasion of this first important research it has 
been formed, within the Department DSA, a really 
interdisciplinary group around the following com-
petences. Experts in architectural survey are special-
izing in using different methods and tools and testing 
their validity through the application (topographic, 
analytical and digital photogrammetry, rigorous 
direct measurement, digital laser scanning). Experts 
in architectural conservation/restoration, the core 
of the research group, develop analysis/diagnosis 
on constructive materials and techniques, structural 
behaviour and assessment, morphological analysis, 
diagnosis of decay phenomena even through non-
invasive technologies, identification of suitable tech-
niques of intervention, restoration works. Experts 
in environmental assessment and energy audit on 
historical building are now developing an evalua-
tion methodology that takes into account also the 
tangible and intangible architectural values to find 
a balance between energy optimization and saving 
and cultural values and needs. Experts in research 
and development of innovative technologies and 
renewable energies are able to individuate, together 
with the other experts above mentioned, a strategy 
to optimize energy consumption, carefully consid-
ering also constructive features, climatic conditions 
and architectural values.

3 SPECIFIC RESULTS OF THE RESEARCH

On the base of the knowledge acquired along the 
years, the research has been focused on the three 
sample cases which are representative of the ter-
ritorial system, of the settlement morphologies 
(aggregated houses, rural buildings, isolated struc-
tures) and of the constructive technologies, with 
special attention to the most vulnerable heritage.

At the territorial scale and for the different settled 
areas, resources, vocations and sensitivities (orogra-
phy, exposition, superficial and profound petrology, 
land use, presence of terraced systems, accessibil-
ityƒ.) have been examined in order to choose the 
installation typologies most adapt to be integrated 
with natural resources (water, sun, biomass).

The analysis of climatic and geomorphologic 
conditions, carried out on more numerous sample 
sites, has aimed at understanding the effective appli-
cability of innovative technologies for individual 
production and energy consumption (solar panels, 
photovoltaic panels, geothermal or hydrothermal 
installations, biomass, heat pumps...). Also at this 
level the importance of landscape and architectural 
value has been taken into consideration. The prob-
lem of improving the energy efficiency and produc-
tion for residential use, agricultural production or 
in tourist facilities has been framed in a systemic 
manner, highlighting the relations among different 
systems (geo-morphological, climatic, environmen-
tal, constructive ƒ) and identifying the possible 
solutions and the consequences of their application 
so as to optimize the relation among systems rather 
than maximize the use of one in respect to others.

At the territorial scale, the most significant pub-
lic paths and panoramic views have been identified, 
with special regard to famous or traditional views 
which have become part of the collective imaginary 
of these places, so as to assess the impacts of the 
most recurrent interventions on the landscape.

The calculation of the energy performances of the 
sample buildings has been carried out taking into 
account the climatic conditions of the localities in 
which they are situated. As for the indoor tempera-
ture of the analysed buildings, as requested by the 
procedures foreseen by the technical norm UNITS 
11300 part 1„Determination of the thermal energetic 
exigencies of the building for its summer and winter air 
conditioning, a winter temperature of 20°C, constant 
along the 24 hours, has been adopted as project data. 
For the calculation of the average monthly external 
temperature, an interpolation is necessary, as indi-
cated by the norm UNI 10349„Heating and air 
conditioning of buildings. Climatic data, of the data 
concerning the province of La Spezia, within which 
the selected municipalities are located. Assuming as 
hypothesis low-efficiency technical installations, in 
relation to the examined case studies, the theoretical 
global performance index of the buildings has been 
determined and associated to the energetic class of 
the building„installation system for winter air con-
ditioning and hot water production.

An overview of interventions for thermal improve-
ment has been elaborated, including the adoptable 
technical solutions (insulation systems and installa-
tions for the production of hot water through solar 
energy, for the winter/summer air conditioning 
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through heating pumps and biomass, for the pro-
duction of electric energy and the recycle of rain-
water). For these interventions, the impacts on the 
architectural system„i.e., possible modifications to 
the constructive system due to the real modalities of 
application of insulation technologies„have been 
assessed, and their effectiveness, in terms of resource 
saving, compared to the reduction of volumes and 
surfaces, caused by insulation systems.

For the critical points of the buildings, source 
of thermal dispersion and humidity infiltration, 
the most compatible insulation solutions have been 
indicated and the most suitable technical systems, 
also in terms of economic sustainability, have been 
identified. Alternative combined solutions for the 
building and the installation system have been eval-
uated, through the selection of different types of 
insulating products and of different thickness (veri-
fying the formation of interstitial condensation 
and surface mould), and the results have been syn-
thesized in graphics illustrating the percentages of 
improvement for the energetic performance indexes 
of the envelope for the alternative solutions.

Departing from an energetic demand as high 
as 300 kWh/(square meter per year), correspond-
ing to an energetic class G, it is possible to reach 
very efficient energetic classes, if  the rehabilitation 
encompasses integrated actions on the envelope 
and on the technical systems through the use of 
renewable energetic resources.

The interventions have a different percentage inci-
dence according to the examined configuration and 
on the base of its geometric and structural features. 
In particular, for the multi-cellular configuration, 

interventions on the roof result more effective than 
the solutions foreseeing the insulation of the walls, 
in relation to the higher bearing of the horizontal 
surfaces in this type of buildings.

On the contrary, for single-cell configurations 
and rural buildings as country-houses, the insula-
tion of the walls appears more advantageous, in that 
they weigh on more on the global envelope surface.

Also in the case of transparent envelopes, sub-
stantially different percentage of improvement are 
registered in relation to the percentage of window 
surface out of the global building envelope; in par-
ticular, substituting the windows with new ones 
appears more advantageous for manor houses, 
which is featured by a window surface wider than 
the other configurations.

One specific part of the research has been devel-
oped taking into consideration the problem of 
energy micro-generation, considering that most of 
the abandoned rural buildings are completely iso-
lated from any supply system. Working on real cases 
to be re-used, different strategies of micro-genera-
tion and co-generation have been considered, iden-
tifying technical and architectural advantages and 
disadvantages for each of them (biomass, co-gener-
ation, energy generation through wind and sun).

Finally, the criteria of landscape compatibility 
for devices fed by renewable energetic resources have 
been made explicit also through photo-simulation. 
Compatibility depends on location (in respect to 
the territorial vocations and the panoramic views), 
quantitative factors (according as they are isolated 
or repeatable/aggregated systems, on the base of 
the covering of the soil or orography) or qualitative 
factors (i.e., device morphology, colours, possibil-
ity of visual impact mitigation). The impacts have 
not been assessed only from a perceptual point of 
view: an important role is also played by the state 

Figure 1. The chart summarizes the percentage of ther-
mal improvements related to different types of interven-
tions, indicated in the ordinate axis. 1. Insulation of the 
walls 10 cm; 2. Insulation of the walls 4 cm; 3. Replace-
ment of windows; 4. Insulation of the ground floor; 5. 
Insulation of the roof; 5. Combination of interventions 
(1 +3 +4); 6. Combination of interventions (2 +3 +4). In 
the three rows corresponding to each type of interven-
tion are indicated the results for each case study, respec-
tively the single-cell building (high row), the multiple 
cells building (middle row), the country-house (low row) 
(Anna Magrini of the University of Pavia).

Figure 2. The image represents a traditional rural build-
ing in Cinque Terre National Park, where a plastic shelter 
has been inserted in front of the main door to protect 
from rain and sun (Marco Guerrini).
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of conservation of building materials and systems 
subject to intervention, the possible removal of tra-
ditional materials, the level of invasiveness of the 
structure on the ground and on the terraced sys-
tem. Photo-simulations visualise possible interven-
tions integrating solar technologies with traditional 
roofing (in case of complete replacement due to 
advanced structural deficiency, in agricultural or 
residential service structures, in projecting roofs, in 
improper existing additions) so as to build the rich-
est picture of possible interventions to be consid-
ered admissible or, on the contrary, unacceptable.

The compatible insertion of innovative technical 
systems that can be integrated, possibly on added 
components, rather than on traditional roofs, pose 
in the foreground the role of creativity, in mimetic 
or contrasting forms.

NOTE

The research has been developed by an interdiscipli-
nary group constituted around the Universities of 
Genoa and Pavia. Personnel belonging to depart-
ment DSA, Genoa, is: prof. Giovanna Franco 
and prof. Stefano F. Musso, architect Antonella 
Serafino, expert in environment technologies, 
arch. Guglielmo Parodi, expert in rendering, ing. 
Marco Cartesegna, expert in technical plants, arch. 
Marco Guerrini, expert in energy audits. Personnel 
belonging to the University of Pavia is prof. Anna 
Magrini, expert in Building Physics, energy audits 
and scientific responsible for energy calculations 
and ing. Roberta Pernetti, expert in dynamic ther-
mal evaluation. Scientific responsible of Regional 
Directorate for Guidelines for eco-efficiency in the 
UNESCO site is arch. Luisa De Marco, Regional 
Director is arch. Maurizio Galletti.
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Figure 3. Photo-simulation on the same building of Fig-
ure 1. The plastic shelter has been substituted with a glass 
photovoltaic one for energy generation (Guglielmo Parodi).
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Thermal zoning and natural ventilation in vernacular Anatolian settlements
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ABSTRACT: Since the widespread adoption of mechanical equipment for cooling buildings, thermal 
zoning has evolved into a design strategy that provides climate control and maintenance of steady-state 
interior environments regardless of building orientation or occupancy. Prior to the invention of mechanical 
cooling devices, early populations achieved thermal zoning by putting basic building attributes and material 
constituents to task, finely attuning building assemblages to ever-changing factors such as prevailing air-
flow. Two Anatolian settlements, Çatalhöyük and Mardin, have been analyzed using Computational Fluid 
Dynamics (CFD) platforms to disclose their respective passive cooling strategies relative to variable inputs, 
including wind velocity and direction. This paper reports the findings from this analysis and discusses how 
these attributes produce comfort levels that rival contemporary standards, including air-change rates at 
1.5 meters per second. The paper also demonstrates how these vernacular devices have been adapted for 
contemporary use to passively maintain thermal comfort while offsetting energy consumption.

relative to variable inputs including wind velocity 
and direction, the study explores two chronological 
and geographically separated settlements of ancient 
Turkey: Çatalhöyük (ca. 6200 BC) and Mardin (ca. 
250 AD). Parts of both settlements are digitally 
reconstructed and simulated using state-of-the-art 
Computational Fluid Dynamics (CFD) platforms 
to identify patterns of form and space demonstrat-
ing passive cooling potential. The aim of the study 
is to develop knowledge of ancient and vernacular 
thermal zoning measures that can then be adapted 
to contemporary building practices associated with, 
but not limited to, an archeological research com-
plex in western Turkey.

2 BACKGROUND: THERMAL ZONING

2.1 Natural ventilation

Natural ventilation is the exchange of air between 
a building exterior and interior through wind 
driven flow and improves human comfort through 
the removal of concentrated heat and humidity 
(ASHRAE 2005). This type of ventilation brings 
in outdoor air, when indoor temperatures are high-
est, increasing human comfort levels as air passes 
over the skin, creating a physiological effect by 
increasing convective and evaporative heat transfer 
from the skin•s surface. The behavioral characteris-
tics of airflow in space are based on fundamental 
thermal principles: air tends to move in a straight 

1 INTRODUCTION

Vernacular architecture is a designation for struc-
tures that exude centuries of experience built on the 
relationship between physical building constituents 
and the natural environment (Coch 1996). These 
structures are based on a fundamental zero-energy 
response to dynamic climatic conditions, using 
construction strategies such as orientation, degree 
of enclosure, and material systems to intensively 
shape adequate thermal zones for human inhabi-
tation. In vernacular structures located in hot and 
dry temperate climates, thermal comfort is often 
achieved through natural ventilation (Khan et al. 
2008). Through extensive periods of development, 
early populations advanced their specific knowledge 
base about the most effective use of construction 
resources in providing improved levels of comfort 
within the built environment. Today, much can be 
learned from study of these early settlements about 
passively maintaining thermal comfort while off-
setting energy consumption. Before resorting to 
mechanical means, traditional solutions based upon 
ancient construction strategies can first be evaluated, 
and adapted to contemporary construction tech-
niques (Fathy 1986). To curtail the misuse of energy 
attributed to steady state mechanical conditioning, 
this study examines provisions for thermal zoning 
evident within vernacular structures with particular 
focus on the energy-saving strategies established by 
these traditions. To analyze passive cooling potential 
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line due to its mass; its flow type changes from 
laminar to turbulent when encountering obstruc-
tions; its velocity increases when constricted; and 
it tends to move from high to low pressure areas 
around buildings (Lechner 2009).

In architectural design, natural ventilation is 
often used as a low-energy environmental solution 
to improve indoor air quality and thermal comfort. 
As a passive strategy, it puts the material envelope 
to task, maximizing available resources while mini-
mizing negative impacts on the environment. In hot 
climates natural ventilation is a particularly effective 
alternative to mechanical ventilation as it consumes 
no energy, generates no operational costs, and is 
healthier for its inhabitants due to its lack of chemi-
cal constituents. The subjective comfort level of inte-
rior occupants depends on many factors including 
velocity of interior airflow, uniformity of rate, and 
consistency of directional flow. There are three basic 
types of directional air flow: laminar, turbulent, and 
eddy paths. Laminar flows in a straight line, eddies 
are circular in motion, and turbulent flows demon-
strate irregular flow paths. With regard to air flow 
uniformity, turbulent flow is found to be less com-
fortable than either laminar or eddy flow paths with 
the same mean velocity. In thermal comfort models 
developed for non-uniform thermal environments, 
adequate air velocities of 0.2 m/s for indoor envi-
ronments and 1.5 m/s for elevated outside condi-
tions are considered reasonable comfort zones for 
people engaging in sedentary activities. At interior 
velocities of 0.8 m/s, the perceived interior tempera-
ture can be reduced by as much as 5° F (ASHRAE 
2005). While natural ventilation alone may be insuf-
ficient to maintain thermal comfort year-round due 
to its non-uniformity, it is an alternative to mechan-
ical control systems, capable of saving 10…30% of 
total building energy consumption.

2.2 CFD simulationpPlatforms

With interior thermal comfort requirements includ-
ing an internal temperature range of 68…78°F, 
30…70% relative humidity, and air flow rates 
between 0.2…1.5 m/s partnered with severely non-
uniform exterior climate conditions, the competing 
demands placed on a naturally ventilated building 
are undoubtedly severe. The emergence of state-of-
the-art computational fluid dynamics platforms, 
however, provides an unprecedented understand-
ing of how building boundaries shape fluid dynam-
ics, inviting us to bridge the gap between inefficient 
mechanical systems and non-uniform wind-driven 
ventilation. CFD simulations begin with the con-
struction of a volumetric mesh that approximates 
building boundary conditions, inlets, and outlets, 
around and through which specified turbulence 
flow states are simulated. CFD platforms provide 

critical insight into the air-flow process occurring 
relative to building boundary conditions and can 
test the parametric relationship between bounda-
ries and flow fields through the rapid adjustment of 
simulation states such as wind direction, velocity, 
and alternative boundary configurations. Exploit-
ing the opportunities provided by CFD platforms, 
this study investigates the wind flow characteristics 
present within ancient vernacular structures using 
Autodesk® Ecotect Analysis’ and the WinAir4 
plug-in component. Autodesk® Ecotect Analysis’ 
is an environmental analysis tool developed by 
Andrew Marsh & Square One Research preferred 
for its user-friendly interface and ease of interactiv-
ity during multi-state analysis stages. WinAir4 uses 
boundary conditions exported from the base Eco-
tect modeling platform to perform computational 
fluid dynamics analysis on geometric alternatives.

3 CASE STUDIES

3.1 Vernacular anatolian settlements

Parts of two different early settlements in Ana-
tolia have been analyzed using CFD simulation 
platforms to ascertain the passive cooling poten-
tial of each settlement relative to variable inputs, 
including wind velocity and direction: Çatalhöyük, 
a Neolithic settlement located in central Anatolia 
and Mardin, a 3rd century AD city in southeastern 
Anatolia (Fig. 1). Based upon the KCippen climate 
classification scheme, Anatolia is a temperate cli-
mate region exposed to warm and dry summers and 
cool and wet winters, with passive cooling potential 
from strong prevailing winds out of the north and 
north-east annually averaging a speed of 4.5 m/s.

The compact composition of living units in both 
case studies adhere to their sloped terrains, creat-
ing terraced patterns. The topographic formation 
invites the buildings to step gradually along the 
slope, providing each space a direct view of the 
surrounding landscape. This formation also aids 
in affirming social relationships within each settle-
ment. At Çatalhöyük, we find a clustered composi-
tion of individual living units that are fully enclosed 
and accessed from the roof by latter. Each rooftop 

Figure 1. Partial aerial rendering of Çatalhöyük Level 
IV on the left and Mardin on the right (Frank).
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platform serves as an extension of the living area 
and is further defined by the varying roof heights. 
Courtyards present within the settlement are served 
with limited direct access and are the first forms 
of public space, even if  they may have been used 
as middens (During 2001). At Mardin, we find a 
modular composition of housing complexes that 
aggregate based on the expansion and contraction 
of each family unit. Three spatial types pervade the 
modular vocabulary of each housing complex: pub-
lic open spaces located on ground floors consist of 
kitchens and work areas; semi-open spaces central 
to each complex are used as living and circulation 
spaces; and closed private spaces on upper floors 
are primarily used as bedrooms (Torus 2011).

The intensified development density of both 
settlements results in a unique model of collective 
living that establishes a spatial gradient from more 
to less enclosed. In each case, easing the transition 
from public to private zones are a rich inventory 
of intermediary spatial types serving to moderate 
the daily and seasonal variations of the Anatolian 
climate. Such spatial inventories make these settle-
ments ideal case studies for passive thermal zoning 
as each spatial type engages the climate in a unique 
manner. Together, these parameters produce three 
distinct spatial zones: fully closed; fully open; and 
semi-open. Fully closed areas are typically bounded 
by earthen structures. Fully open areas provide 
nearly complete exposure to the surrounding ele-
ments, yet are still integral to settlement organiza-
tion. Semi-open areas provide strategic access to 
shifting conditions of climate. Taken together, the 
three zones provide distinct forms of enclosure and 
can therefore be regarded as separate thermal zones 
that inhabitants occupied in accordance with com-
fort needs in relation to climatic situations.

3.2 Çatalhöyük

Çatalhöyük, the Neolithic settlement situated in 
the plain of Konya in central Anatolia dates back 
to the late 7th to early 6th millennium BC. The 
large population within this settlement provoked 
significant advances in planning, development, 
and architecture, not to mention social life. The 
houses were clustered together, their earthen walls 
touching those of their neighbors. Although small 
courtyards lining the edges of the excavated area 
were connected by streets, the courtyards central 
to clustered houses existed without support from a 
street network. People entered houses from the flat 
rooftops, descending to the floor below by means 
of ladders (Gates 2003). They also used rooftops 
as extensions of living areas. Because the analyzed 
part of the town lay on sloping ground, the height 
of the roofs varied, facilitating the demarcation of 
these semi-private roof areas. In this case study, 

building simulation tools disclose the inventory of 
space types which provide thermal gradients in the 
settlement with a constant prevailing wind speed 
of 4.5 m/s out of the north. These spatial types 
include the private earthen living area, the public 
courtyard, and the semi-private rooftop (Fig. 2).

A typical living unit at Çatalhöyük consisted of 
mud brick walls which provided full enclosure with 
exception to the small roof aperture for human access 
and smoke exhaust. These earthen walls were used 
to shelter the living space from extreme conditions 
of climate such as heat, cold, and wind. The non-
conductive properties of earthen material slow the 
transmission of heat from outside to inside while the 
high degree of enclosure minimizes the degree of air 
infiltration, subsequently reducing the number of air 
changes present within the living space. As the simu-
lation analysis indicates, the rate of air flow within 
the sunken living area never rises above 0.1 m/s, even 
when prevailing wind speeds shift from the average 
4.5 m/s to the maximum 17 m/s out the north.

In early phases of construction at Çatalhöyük, the 
courtyard space was considered a negative space due 
to the lack of communicating openings providing 
common access. In subsequent phases, streets were 
introduced connecting the central courtyards with 
other parts of the settlement, elevating their status to 
the shared public realm (Mellaart 1963). The aspect 
ratio, a quotient of the courtyard floor area divided 
by the average bounding wall height, is rather low at 
4.2. This ratio is beneficial in a climate with warm 
and dry summers due to the shading potential of 
the high bounding courtyard walls and the limited 
access to prevailing winds, reducing the exchange of 
cool courtyard air with the warm air of surround-
ing areas. Simulation analysis shows the flow path 
of the prevailing 4.5 m/s northerly winds within the 
compact courtyard space. The eddy currents evident 

Figure 2. Plan and section of Çatalhöyük thermal 
zones. Zone #1 represents the living unit, zone #2 repre-
sents the internal courtyard, and zone #3 represents the 
rooftop platform (Frank).

Vernacu_Book.indb   307Vernacu_Book.indb   307 7/31/2014   7:41:17 PM7/31/2014   7:41:17 PM



308

within the space suggest that air is moving cyclically 
but is not being evacuated by direct flow into adja-
cent areas. This comfortable air movement at 1.5 m/s 
is crucial in maintaining strong air quality and pro-
viding the physiological cooling effect by evaporat-
ing moisture from the surface of the skin (Fig. 3).

The roof of each living unit at Çatalhöyük was 
occupiable and was placed at a distinct elevation 
in relation to adjacent roof surfaces, presenting a 
discontinuous collection of useable spaces in each 
neighborhood block. This matrix of space was both 
public and private; goods were stored and activities 
were performed on each roof by tenants, yet the 
roof also doubled as a circulation network providing 
access to contiguous units. With such a high degree 
of exposure, roofs offered increased access to direct 
solar radiation and prevailing airflow when desired. 
Simulation analysis of rooftop spaces exhibit a high 
degree of variability in wind velocity and direc-
tion. These shifts correlate directly to the changes 
in the directional flow of prevailing winds, whereby 
4.5 m/s northwest winds would step down to 2.5 m/s 
on the rooftop from the same direction (Fig. 4).

3.3 Mardin

The city of Mardin is located in southeastern Anato-
lia, on a south facing slope overlooking the Mesopo-
tamian Plain. The establishment of this settlement 
dates back to the 3rd century AD. The city is most 
regarded for its dense terraced fabric of masonry 
buildings, which are modular in their layout based 
on a 4-meter planning grid. Each building unit 
orients both inwardly, towards a semi-public cen-
tral courtyard space that supports the family living 
activities, and outwardly to the Syrian plains to the 
south. Compared to those found at Çatahöyük, the 
inventory of spatial types at Mardin are far more 

extensive, including enclosed private rooms, eyvans, 
revaks, kiosks, balconies, and terraces. For the pur-
poses of this study, CFD analysis tools reveal the 
performance of the following spatial types and estab-
lish a compelling range of thermal behavior with a 
prevailing wind out of the north at 4 m/s: elevated 
private rooms, revaks, and terraces (Fig. 5).

A private room at Mardin consists of a stone 
masonry enclosure and is part of a modular 4-meter 
matrix established by the load-bearing enclosing ele-
ments. Due to the weight of a stone system, walls 
are thick and apertures are narrow, providing a high 
degree of spatial enclosure. The heavy mass stone 
masonry provides an effective barrier to the extreme 
temperatures in hot and dry climates. At Mardin, 
the orientation of apertures with this solid system of 
enclosure typically orients to the south. This orien-
tation of aperture limits the amount of air change 

Figure 3. Simulation analysis of the public courtyard. 
Upper images indicate velocity in m/s and lower images 
flow direction. Zone #1 represents the living unit, zone 
#2 represents the internal courtyard, and zone #3 repre-
sents the rooftop platform (Frank).

Figure 4. Simulation analysis of rooftops. Upper images 
indicate velocity in m/s and lower images flow direction. 
Zone #1 represents the living unit, zone #2 represents the 
internal courtyard, and zone #3 represents the rooftop 
platform (Frank).

Figure 5. Section and plan of Mardin thermal zones. 
Zone #1 represents the private room, zone #2 represents 
the revak/courtyard, and zone #3 represents the open ter-
race (Frank).
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within the space so that the cool stone surfaces can 
be experienced by the occupant through radiation 
exchange. Simulation analysis demonstrates this lack 
of air velocity within the private room; even with 
average wind speeds out of the northeast at 7 m/s 
and gusts as high as 17 m/s, the air velocity within 
these well-enclosed spaces remains below 0.4 m/s.

There are three types of semi-open spaces in a 
traditional Mardin house: the eyvan, the revak, and 
the kosk. The revak is a semi-open space enclosed on 
one side by a solid wall and on the opposite side by 
an open courtyard space. The permeability of inter-
mediary spaces such as the revak provide a thermal 
buffer between the natural and built environment. 
Being partially enclosed and definitively oriented, 
these spaces can selectively open and close them-
selves to prevailing external factors such as prevail-
ing wind direction or solar path. Simulation analysis 
illustrates this range of thermal behavior between 
intermediary spaces such as the revak and adjacent 
courtyard spaces. While the airflow velocity present 
within the courtyard space ranges between 1…2.5 m/s, 
the range found within the adjacent revak space is 
significantly narrower at 0.1…0.5 m/s, indicating 
more thermal control. Furthermore, the simulated 
flow vectors show that the air flow within the revak is 
more stable and directional than the turbulent flows 
present within the adjacent courtyard space (Fig. 6).

Terraces present at Mardin consist of open plat-
forms that extend enclosed space from the domes-
tic interior to the exterior. These spaces are used 
to connect with the surrounding landscape visually 
and to open up view-sheds for neighboring build-
ings. Because they are the most exposed to con-
ditions such as prevailing winds or direct solar 
gain, terraces are flexible spaces that can be used 
in accordance with outside environmental condi-
tions. Simulation analysis suggests that air is drawn 

through these spaces on the leeward side of the set-
tlement. This evidence is further supported by air 
velocity readings which indicate rates as high as 
3…4 m/s when exposed to easterly winds at 17 m/s. 
Like the rooftop zones of Çatalhöyük, the thermal 
conditions of terraces fluctuate with correspond-
ing wind speed and direction. However, the rate of 
fluctuation evident in the terrace is far less severe, 
stepping speeds down as great as 13 m/s, demon-
strating a higher degree of thermal control com-
pared to the exposed zones at Çatalhöyük (Fig. 7).

4 CONTEMPORARY PLANNING

The passive thermal zoning strategies identified 
by these case studies have clear and recognizable 
significance in 21st century design practice as it 
emerges from the technologically determinate prac-
tices of the 20th century. Boston University•s Gyg-
aia Projects (GP) aims to bridge this gap through 
a trans-disciplinary project which partners the 
archaeological excavation of a Bronze Age set-
tlement with the design of a sustainable research 
complex, adapting vernacular cooling strategies 
to contemporary construction techniques. This 
project is located in western Turkey and uses find-
ings from the above case studies to establish a com-
parative baseline for contemporary construction.

In support of these archeological activities, the 
sustainable research complex adapts passive thermal 
zoning strategies uncovered in ancient settlements, 
providing a variety of spatial types which buffer, 
constrict, and block prevailing wind patterns from 
the northwest. The design distributes the research 
program elements across the site using a clustered 
organization. The physical proximity of program-
matic units is carefully determined to take into 

Figure 6. Simulation analysis of the revak and court-
yard. Left images indicate velocity in m/s and right 
images flow. Zone #1 represents the private room, zone 
#2 represents the semi-open revak, and zone #3 repre-
sents the open terrace (Frank).

Figure 7. Simulation analysis of the open terrace. 
Upper images indicate flow and lower images velocity in 
m/s. Zone #1 represents the private room, zone #2 rep-
resents the semi-open revak, and zone #3 represents the 
open terrace (Frank).
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account the potential use of the interstitial spaces 
they create. Articulated ground conditions, project-
ing parasol roof planes, and the exterior walls of 
each programmatic unit establish the thermal char-
acteristics of these intermediary zones. Three dis-
tinct zones are established: highly enclosed zones 
central to each program core; porch spaces located 
on the leeward side of each program block; and 
breezeways whose central axes align with prevail-
ing wind directions. As evidenced by the case stud-
ies above, each zone provides a unique response to 
changing conditions of climate: enclosed zones dif-
ferentiate themselves from given conditions; porch 
zones diminish given conditions; and breezeways 
intensify given conditions. With an average sum-
mer wind speed of 4.5 m/s out of the northwest, 
the breezeway exhibits a strong 3 m/s laminar flow 
while the porch space exhibits a much calmer eddy 
current at 1 m/s while the enclosed program cores 
exhibit little air velocity or flow. Together, the ther-
mal gradient invites the archeologist to locate activ-
ities in protected zones during extreme weather and 
in exposed zones during ideal conditions (Fig. 8).

5 CONCLUSION

While both ancient case studies discussed above 
supply ample evidence of the thermal zoning of 
basic building attributes, the number of devices and 
the degree range of thermal zoning had advanced 
from Neolithic to Roman building traditions. These 
developed construction approaches established by 
early Anatolian populations create a heterogeneous 
series of thermal zones instead of attempting to cre-
ate a homogenously steady-state environment using 

high-grade energy systems. In providing a variety of 
thermal zones, ancient inhabitants could transition 
from one zone to another to maintain high levels of 
thermal comfort. In contemporary design practice, 
organizing space with the goal of contributing to pas-
sive thermal gradients is a crucial exercise for those 
who desire to reduce building energy consumption. 
This approach seeks to decrease the significant por-
tion of energy wasted through steady-state mechani-
cal zoning, whereby spaces are heated or cooled when 
unoccupied for long periods of time when people 
are either away from the space or using a small per-
centage of it. While this approach may not replace 
mechanical heating and cooling devices completely, 
it aims to reduce reliance on them to temper only the 
most extreme summer and winter climate events.

By analyzing the dynamic behavior of airflow 
across a series of design alternatives, CFD simu-
lation programs provide the necessary toolset to 
achieve these goals. Further work will be necessary 
to define a suitable workflow for design practi-
tioners when developing spatial organizations that 
modulate prevailing weather conditions, and fur-
ther analysis needs to be conducted to disclose the 
full extent of thermal zoning strategies employed 
by ancient populations. These strategies serve the 
contemporary design field in providing an inven-
tory of construction approaches that return to 
first-principles and intensively supply adequate 
built environments with minimal negative impact 
on the extensive natural environment.
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ABSTRACT: The restoration, in this specific case, should be understood in the broadest sense of its 
meaning: no more, therefore, the restoration of a single monument, but the restoration of an urban tissue, 
the historical centre of Bologna, that counts about 38 km of porticoes built since the 11th century; many 
of them could be considered as examples of vernacular architecture. The research proposes methodologi-
cal criteria of intervention based on the different types of flooring present in the local building situation 
in relation to their specific conditions of degradation. The courses of action with their operational indica-
tions, indifferent to the concept of distinction between greater or lesser architectures, are proposed as a 
cultural act for the protection and enhancement of the entire urban heritage.

arches, ceilings, on which the research into restora-
tion methods is coming to an end, and architec-
tural surfaces working together with the recent 
guidelines on the cleaning of surfaces affected by 
graphic vandalism issued by the Regional Commit-
tee for Cultural and Landscape Heritage of Emilia 
Romagna. (Bettocchi & Pomicetti 2010).

In this way, having recognized the porticoes as 
a constituent element of a widespread monument, 
in which no part may be removed from the poetic 
quality of the •wholeŽ (Brandi 1977) because they 
are fundamental parts of it, regardless of their his-
torical and architectural value, it was necessary to 
create guidelines that regulated the actions permis-
sible according to each single specific case, guaran-
teeing minimum requisites of operational precision 
and widespread quality standards.

2 THE PORTICOES OF BOLOGNA

The porticoes, dating back to the 11st century, due 
to the extraordinary ability of the citizens who 
were able to translate a concept of utility into sim-
ple architectural form, were developed thanks to 
the intelligent action and forward-thinking of the 
public authorities via a careful and precise urban 
regulation starting from the 13th century which 
controlled its diffusion.

The idea of extending the beams of the floor at 
first floor level allowed them to create new habit-
able areas looking onto the street, thus on the one 
hand avoiding the need to build new houses on the 
outskirts of the city which was already at that time 
demonstrating signs of high building density, but 
on the other hand reducing the streets in terms of 
space and lighting.

1 INTRODUCTION

Research into the degradation condition of the 
floors of Bologna•s porticoes is aimed at draw-
ing up a code of practice that identifies a project 
course of sustainable restoration in order to define 
expert intervention techniques capable of resolv-
ing each specific case in order to be coherent with 
their general character. The project to restore the 
flooring involves the entire urban landscape in that 
the porticoes constitute a widespread monument.

The singular value of Bologna lies, as confirmed 
by Cesare Brandi, in •its urban tissue, in which the 
porticoes are naturally includedŽ (Brandi 2006), 
not considered as separate cases, but conceived as a 
combination of elements that only in their entirety 
constitute a unique monument coincident with the 
urban environment. The incredible continuity and 
variety of styles of its fabric, •does not imply any 
concept of contrived stylistic unityŽ (Brandi 2006), 
but possesses the characteristics of a monument in 
its entirety, of which the sum of the parts certainly 
does not exceed the value it has in its entirety, 
and which harmonizes •in the fundamental and 
organic perspective conceptionŽ (Brandi 2006). A 
singular urban monument, an expression of the 
•material culture• of the area, which has become 
such thanks to the construction capabilities of the 
corporations of tradesmen which with great sim-
plicity and craftsmanship and using local materials 
have created a variegated vernacular language and 
a palimpsest such as to give the city a uniqueness 
and a deep-seated cultural identity. The code of 
practice, with the theme of flooring restoration, 
opens up new prospects of study into restoration 
and the consolidation of the construction elements 
of the porticoes, such as pillars, columns, vaults, 
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The first document of the legislative profile 
which led to the regulation of the relation between 
portico and public space dates back to 1211, an 
edict that decrees the private nature of the land on 
which the portico must be built. Today, as then, 
from a legal point of view, the portico is private 
property allowed for public use and subject to right 
of passage.

In 1245 the authorities took steps to implement 
general recognition of urban land, intended to find 
out the real situation at that time, obliging the demol-
ishing of abusive overhangs and at the same time 
encouraging the construction of porticoes on pri-
vate land. Between 1250 and 1259 the first Citizens• 
Statutes were issued, the purpose of which was to 
encourage improvement of urban decoration and to 
regulate the relationship between portico and public 
land, setting the minimum height for the porticoes 
at 7 Bolognese feet (2.66 m), so as to allow a man on 
horseback to pass underneath, and obliging citizens 
to keep them tidy and free from any movable or fixed 
element. Heading 52 of the statute of 1288 makes it 
obligatory to build the portico overlooking the street 
and establishes that the maintenance and cleaning 
costs should be the responsibility of the owner. With 
these legal obligations we witness a reversal regard-
ing the nature of the portico: from an element of 
private use on public terrain, it became an element 
of public use on private terrain.

The development of the portico was certainly 
helped by the configuration of the •gothic lotsŽ 
which characterized the structure of the city of 
Bologna during the 13th and 14th century. Being, 
in fact, rectangular with the short side overlooking 
the street, obliging owners to allocate a relatively 
small space to the portico did not oblige owners to 
make such a great sacrifice, not constituting such 
a huge loss in terms of habitable space. As may be 
noted from this relationship between portico and 
division into lots, it is impossible to separate the 
origin and the development of the porticoes from 
that of the urban tissue.

Thus we can affirm that the porticoes with their 
different types trace the urban history of the city 
from medieval times to today and the exclusive 
nature of Bologna lies not only in how widespread 
and extensive they are, but that the different types 
of portico which followed on from each other and 
evolved over time are all still intact and represented 
in their material and geometrical authenticity. The 
portico represents, in this sense, the architectural 
type which meets the needs of the time period and 
at the same time is able to adapt to the develop-
ment of the city itself  to the extent of becoming its 
governing element.

From an urban point of view three main cat-
egories of porticoes can be identified: the •typical• 
porticoes which represent most cases and which give 

structure and organisation to the historical city cen-
tre; the •monumental• porticoes such as the Palazzo 
dei Banchi in piazza Maggiore, the Portico of S. 
Bartolomeo between piazza Ravegnana and Strada 
Maggiore, the portico of the Teatro Comunale in 
piazza Verdi, as regulatory elements of urban spaces 
of excellence and used as a scenic backdrop which 
gives order to the urban scenery; the •celebratory-
religious• porticoes, such as the Chiesa dei Servi, the 
Chiesa of S. Giacomo, the Portico of S. Luca and 
the portico of the Alemanni which are characterised 
by the repetition of elegant modules always identi-
cal to each other and which, usually, have their own 
independent life without any symbiotic link with the 
building which is not always present.

The •typical• porticoes are of particular interest, 
as examples of vernacular architecture, the monu-
mentality of which is evident only if considered 
collectively and which represent •authentic urban 
factsŽ, a fixed expression •in the stoneŽ that the city 
has of itself (Rossi, 1966). The first examples are in 
wood and show construction characteristics well-
defined by a structure of pillars, beams and floors, 
of which there are seven examples remaining in 
Bologna (Fig. 1). The pillars, in order to avoid deg-
radation to the base, stand on a pyramid base plinth 
made of selenite stone; the architrave, in order to 
increase the intercolumniation and reduce the free 
deflected light, is supported by a system made up of 
two main diagonal wooden rafters attached at the 
top by a horizontal wooden element which charac-
terizes not only its function but also its shape; the 
load-bearing beams of the floors jut out from the 
edge beam, an overhang known as the sumentula, 
both to increase the floor surface area of the first 
floor and also to reduce the elastic deformation 
(camber) of the floor itself which is completed 
with the laying of wooden floorboards. Although 
they were already in evidence from 1121, the porti-
coes constructed in bricks, a material typical of the 
Bolognese area, as is the case of a portico erected 
where now there stands palazzo Malvasia in Strada 
Maggiore 15, became far more widespread after the 
issue of the edict of 1363 which forbade the con-
struction of wooden porticoes in order to avoid the 
risk of fire. Over the course of the centuries, these 
saw the development of multiple geometries and 
surface finishes which follow precisely the architec-
tural language of the era in which they were built. 
There is a distinctive introduction of pillars in brick 
with an octagonal base with plinths and capitals in 
local sandstone amongst which those that stand out 
are those of the first order of the courtyard of the 
Collegio di Spagna built from 1365 by order of Car-
dinal Albornoz (Benelli 2007). Rare but noteworthy 
are the porticoes with columns in marble such as the 
portico of the Chiesa dei Servi; those with columns 
in calcareous sandstone, such as the portico of San 
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Giacomo and the palazzo Bianchi Pasquini in piazza 
S. Stefano; those decorated with tiles in terracotta, 
such as the palazzo Beccadelli; and finally those 
with pillars characterised by the use of a mixture 
of stone and brick, amongst which the portico of 
San Bartolomeo and Palazzo dal Monte, materials 
which were reserved solely for the most important 
constructions starting from Renaissance times.

The peculiarity of the porticoes therefore, is that 
of giving to the urban tissue a perspective unity 
in the architectural variety, which is present in all 
its elements: the type of ceiling, expressed in vari-
ous different geometrical configurations, flat and 
vaulted, and also in arches or architraves (palazzo 
Vizzani), fundamentally determines the perception 
of the volume of the sottoportico which, marked 
by the rhythm of solid areas interspersed with 
empty spaces provided by the columns and pillars 
and finished off  with floors all different from each 
other, becomes a real urban trail, long before being 
a construction principle or an administrative rule.

3 TYPES OF FLOORING AND TYPES OF 
DEGRADATION

From historical investigations and the census car-
ried out directly on the porticoes, we find that the 
floors, in the majority of cases, have not reached 
present times as an original constituent element. 
First of all because originally the medieval porti-
coes had no kind of flooring at all if  we exclude 
tamped earth and gravel; and secondly because the 
floors are the element which is always more suscep-
tible to greater degradation, because of their very 
nature and the purpose for which they were built; 
and finally, due to the variation of architectural 
language over the course of time. In fact the floors 
are the exceptional element in the formal composi-

tion of the porticoes, in that they have always been 
subject to constant, often uncontrolled, replace-
ment throughout their history; thus they represent 
the only construction element which does not par-
ticipate directly, right from the origins and in almost 
all cases, in the organic design of the portico.

In confirmation of this, the Notices issued start-
ing from the XVI century are important. These 
made the creation, maintenance, and replacement 
of the floors obligatory and clearly recount the his-
tory of the types of flooring used over the course of 
time, linking them decisively to the administrative 
acts following the checks carried out by the Assun-
teria d•Ornato, (ancient local government authority) 
which had responsibility for the roads, porticoes, 
buildings, drainage systems, the granting of public 
land and traffic. The Notice of 1567 decrees that the 
porticoes must be paved with •stones, slaked lime 
and not earth or chalk and roads must continue to 
be paved up to the houses using river stonesŽ. The 
Notice of 1579 ordered the maintenance of the 
streets with and without porticoes, making sure that 
they were •in order and well pavedŽ.

The first obligation to replace with another type 
of flooring happened with the order of 1598 which 
made it obligatory to pave the porticoes of some 
properties with •fired bricks and lime and pave 
the road with cobblestonesŽ. The Notice of 1698 
allowed all types of flooring which had been used 
up to that point to be used: paving using stones, 
laid in lime mortar or dry, the paving of flat laid 
stones and the flooring in fired bricks; furthermore 
it regulated all maintenance and replacement activ-
ities requiring in the first instance that •any bro-
ken paved porticoes be restoredŽ with fired bricks 
using chalk and lime mortar as cement and in the 
second instance they must be made of fired bricks 
•always laid horizontally and disposed in series 
with lime mortarŽ and if  necessary a •curbŽ must 

Figure 1. Building character of wooden porticoes. Columns and beams in detail. (Galli & Naldi).
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be formed between the portico and the road. Only 
the Notice of 1836saw the introduction of vene-
tian terrazzo flooring (Zambonini, 1830) and, at 
the same time, portico floors made of paving with 
stones were prohibited, and became tolerated only 
for the •pavements and porticoes of the roads of 
the lowest class or in remote areasŽ and for the 
vehicle passageways which, for obvious reasons of 
use, must be built with cobblestones of calcareous 
sandstone or with small stones in lime. From this 
brief passage we can comprehend how forward-
thinking and mindful of the quality of the urban 
landscape the regulations were, paying great atten-
tion to the urban decoration and the public order; 
themes to which the city today is much less sensitive 
and that can be confirmed by the high percentage 
of incongruous replacements using improper mod-
ern and conflicting materials. The notices again 
confirm that the relation between the type of por-
tico and the type of flooring is not always directly 
correspondent, but depends either on aesthetically-
based choices, or on functional-technological char-
acter or even social character, or the interaction 
of these factors, to demonstrate that the theme of 
restoration of the flooring is not only the techni-
cal act, but above all cultural and highly important. 
From the cobble-stones and the stone flags, which 
currently account for the smallest percentage of the 
floorings existing today, there is a quick transition 
to the use of simple and effective brick paving using 
rowlock bricks, typical materials of the Bologna 
area, expertly laid in staggered rows, vertically in 
series and in herringbone pattern with the aim of 
creating a pleasant and economic, cheap ornament 
which currently accounts for about 15% of the 
floors. We then see a further aesthetical refinement 
with the introduction of Venetian terrazzo, which 
functions as an urban filter between the public road 
and the reception rooms of the buildings, in which 
it has been used since the mid-seventeen hundreds 
and that despite not being suitable for external use, 
counts for the highest percentage of floors still in 
existence. From the analytical census carried out 
on most of the Bolognese floors we can deduce 
that the original ones, in the sense of the word, or 
rather those that over time have acquired a histori-
cal importance because they have become embed-
ded in our memory or because they have become 
general construction practice, are of four main 
types (Fig. 2): natural stone flooring (portico of the 
Archiginnasio and the portico of S. Luca), in cob-
blestones laid in lime mortar, in rowlock bricks and 
in venetian terrazzo, which, compared to the first 
types of flooring, being a monolithic type of floor-
ing with the mechanical behaviour of a plate, more 
frequently shows signs of different types of degra-
dation due both to coercive states and to external 
perturbing causes (Naldi 2011). It is evident then 

that, the most widespread flooring, of the Venetian 
type, is also that most affected by degradation. The 
irregularly laid flooring with elements in terracotta 
or stone, for their very nature, display characteris-
tics and mechanical behaviour which can prevent 
specific cracking situations, but only localised holes 
and detachments which affect single elements. The 
main causes of degradation which concern all the 
floors of the porticoes, in ascending order of occur-
rence in the material are as follows: subsidence, 
exposure to sunlight and temperature changes, the 
presence of underlying cellars, the type of founda-
tion, vibrations from traffic, wear and tear from 
trampling and polluting agents and finally failure 
to carry out the work in the proper way.

More precisely, the treatment was concentrated 
on the Venetian floors which, accounting for about 
50% of the cases (about 20 km), are those more 
commonly found, with greater degradation, with 
greater difficulty of reinforcement and whose deg-
radation affects the safety of citizens. The forms of 
degradation are not always caused by a single fac-
tor, but often by several causes which are: curling, 
the lifting of the edges along the expansion joints, 
due to the irregular differential hygrometric shrink-
age between the internal and external surfaces of 
the floor, or to error in creating the joints which 
thus prevent the expansion; the cracking, variable 
in length, depth and position, can develop longi-
tudinally, crosswise and diagonally following the 
direct relationship between characteristic lesion 
and type of instability; the gaps and detachments, 
with loss of the material which form in indistinct 
areas on the flooring, usually in the most fragile 
areas where the stress is concentrated often due to 
a combination of several different causes, such as 
freezing and thawing, crystallization of salts, the 
laying carried out too superficially and at critical 
junctions and the area of intersection of cracks. 
Vibrations created by traffic, which is common, 
generate lesions in the flags already detached from 
the undercoat if  they are not protected by a curb 
which separates it from the road and follow a longi-
tudinal direction which develops along the border 
between adjacent columns (Dezi & Lantieri 2006).

Figure 2. Type of historical flooring (Naldi).
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The study of the degradation, in order to lead 
to analytical results, is examined, in this context, 
qualitatively so that it does not remove any of the 
scientificity from the next project phase.

4 PROJECT PROCEDURE AND 
SUSTAINABLE INTERVENTIONS

The historical-construction studies related above 
constitute the indispensable prelude for the defini-
tion of an expert project procedure. In short, the 
analyses carried out represent the regulatory cor-
nerstones of the intervention project, which should 
not detract anything from its theoretical content to 
avoid lapsing into a sterile and misleading techni-
cality which would detract historical, architectural 
value and identity from the monument.

The procedure identified contains the guidelines 
to be followed by the individual owners or groups 
of owners, in order to simplify the administrative 
and procedural path for the City Council and the 
Superintendency, in order to carry out maintenance 
or reconstruction of the flooring. The courses of 
action are based on the •profile• of the porticoes, 
created on a database, containing the data of the 
census carried out, which allowed quick and easy 
identification of all the characteristics and the 
state of conservation of all of the elements which 
make up the porticoes; their value in relation to the 
building and the urban environment and the level 
of legislative constraints; useful data both as intro-
duction to the project„ anamnesi„and as a base 
for implementing continuous monitoring of the 
city. To this end a pre-compiled data sheet for the 
owner is integrated into the database of the author-
ised City Council which, on one hand, presenting 
the necessary information, represents the key to 
interpretation for the designer, on the other it cre-
ates a feedback tool for the City Council that in 
this way can check and update its own database.

The second phase involves, on the part of the 
designer, drawing up an in-depth profile which, 
starting from an understanding of the form, mate-
rial and colour aspects of the floors of the portico 
it refers to in its architectural, urban and legislative 
context, leads to identification of the interventions 
possible in relation to the state of degradation 
found. At this point it is possible to state via the 
analyses carried out if  the type of flooring is incon-
gruous or not with the recurrent flooring and with 
the environmental features of the place. Mainte-
nance actions are admissible in the porticoes paved 
with congruous materials and if  the level of degra-
dation is not such as to require total replacement 
(Fig. 3).

For the floors, characterized by the discontinu-
ity of their elements the integration of the gaps 

is less complex than for the flagged floors, again 
using techniques compatible with the historical 
material. In venetian terrazzo floors the resolution 
of the holes and cracks requires great attention 
both for the very nature of the element, character-
ised by the formal continuity of the pattern and the 
constituent material, and for the implementation 
of the concept of distinguishability which consti-
tutes the central axis of the discipline of restora-
tion, but which needs to be carried out with expert 
care so that the new integration doesn•t •clash too 
much• with the existing floor. In the flags which 
are subject to curling, it•s possible to use the tech-
nique of mechanical cutting, bridging the joints 
themselves. In this way the intervention resolves 
the deteriorated part in a way which is compatible 
both with the material and with the appearance of 
the flooring: in Venetian terrazzo floors there are 
recurring patterns in which close to the column 
and perpendicular to it the stone pattern changes 
shape and colour, presenting as a frame (Fig. 4). In 
short, the accurate ascertainment of the degrada-
tion and the detailed knowledge of the fabric are 
fundamental for classifying the extent of the inter-
vention which should always proceed at the level of 
minimum intervention necessary, from the integra-
tion of small holes to the repair of large cracks, 
right up to the extreme case of having to replace 
a whole flag or even the whole paved span of the 
building, when these are all irredeemably cracked 
and disintegrated.

The intervention of restructuring for the flag 
must always take into account, before being carried 
out, the most perturbing causes of the degradation, 
the resolution of which could also lead to the dem-
olition and reconstruction of the sub-floor, thus the 
use of traditional historical materials is prescribed, 
excluding cement binders and following the com-
plex rules for the laying for this art which are pro-
vided in the historic manuals (Naldi 2011).

Should attempts at maintenance fail, it is neces-
sary to proceed directly to total replacement of the 
material„makeover (Fig. 3). The problem, in this 
case, concerns the choice of the most appropriate 

Figure 3. Project procedures and design principles. 
(Naldi).
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flooring from those considered admissible, which 
can be resolved only via critical reflection on the 
relationship existing between portico, building 
and urban context, considering the form, mate-
rial and colour aspects prevalent in the immediate 
surroundings, so that the intervention is integrated 
in a harmonious„concinnity„and perceptible 
way„distinguishability„and between degrada-
tion and generating causes in order to guarantee 
the proper type of intervention, so that the con-
servation of the material lasts over time. In these 
circumstances, it would be improper and limiting 
to formulate prescriptive regulations which impose 
the use of one single type of flooring, which apart 
from disregarding the material culture of the city, 
would also disregard the variety of language of 
which the porticoes floors are undoubtedly a part, 
which characterizes the continuity of its fabric.

At the same time, the project must take into 
account the elimination of the causes which pro-
voked the degradation, such as subsidence of the 
land or the foundations of the flooring, sinking 
of the underlying vaults, which causes character-
istic cracks, usually diagonal, lack of adequate 
expansion joints between the flags which provoke 
the highly common phenomenon of curling, lack 
of separation curbs in brick or stone between 
columns, near the edge of the road, in which the 
vibrations from traffic generate generally longitu-
dinal cracking, permanent phenomena of damp 
which cause disintegration of the cements and 
other causes which are not insignificant, but less 
common, by proposing reasoned solutions capable 
of combining the technical thinking with historical 
and cultural aspects.

If  the portico on which the intervention is nec-
essary is connected to an important building, the 
choice will be the fruit of the debate between the 
various requirements stated here, but in this case 
more sensitive to the connection existing between 
portico and building rather than between portico 
and context since it is a question of a monument 
within the monument; a choice however to be 
agreed with the Superintendency.

5 REVELATION AS ENHANCEMENT

The current sensitivity is oriented not only towards 
protection but also towards the enhancement of the 
existing heritage. Enhancing the monument envi-
ronment also means unveiling it (art. 9 Venetian 
Charter, 1964) and making it easier for people to 
understand (art. 4 Italian Charter, M.P.I., 1972). The 
lighting, as it is now, hides the overall monumental-
ity of the work, at times due to blinding lighting, at 
other times for the total lack of lighting. The project 
for a new lighting system, using LED technology, 
in line with the principles of minimum intervention, 
of reversibility and adaptability and paying atten-
tion to the characteristics of the scotopic vision, 
has been formed as an instrument for revealing the 
urban monumental environment, proposing on the 
one hand, indirect light aimed towards the ceilings, 
the connective element of the urban pathway and 
expression of the continuity of its fabric; on the 
other hand, a direct light focused on the architec-
tural details to highlight the variety of language.
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ABSTRACT: Vernacular architecture is made with materials from the environment, adopting energy 
saving strategies to protect its inhabitants from nature and providing them a comfortable place to live. 
Nowadays, solutions like heating and air conditioning set aside the interest in isolation, solar protection 
or thermal inertia. This article aims to describe vernacular architecture in Sierra Mágina, in the province 
of Jaén, one of Spain•s most extreme temperature regions, and translate traditional strategies into strate-
gies applicable to sustainable buildings. That is, to answer to the following question: How could vernacu-
lar knowledge be restored and used in contemporary architecture?

2 CLIMATE IN SIERRA MÁGINA

Sierra Mágina is a shire of Jaén, an inland prov-
ince of Andalucía, in the South of Spain.

Its main industries are olive oil production, 
wood furniture and garment factories. Its climate 
is Mediterranean, with fresh winters and droughts 
during the hot summers. Temperatures are variable 
depending on elevation, with average temperatures 
ranging between 13 and 17º C under 1200 meters, 
8 and 13º C between 1200 and 1800 meters and 4 
and 8º C over 1800 meters.

Although during summer, streams are dry, water 
is present in the form of fountains and fountain-
heads, thanks to the permeable ground that allows 
water to flow under the ground (Unidad 2001).

3 VERNACULAR ARCHITECTURE 
STRATEGIES IN SIERRA MÁGINA

Vernacular constructions in Sierra Mágina show 
common characteristics closely related to the envi-
ronment, climate and material availability. During 
this research and from an energy point of view, 
several of these characteristics have been analyzed 
and translated into contemporary strategies.

3.1 Location and shape

The location of the buildings was traditionally 
determined by several factors. In the isolated fields 
of Sierra Mágina it was important to have visual 
control over the land to look for intruders, therefore 
buildings were located in the highest parts of the plot 
(López 2005). Furthermore, at this part, soil was less 

1 INTRODUCTION

Vernacular architecture is mostly characterized by 
its adaptation to local climate that leads to energy 
reduction and CO2 savings. Popular architecture 
used local materials and traditional constructive 
techniques not only to protect from the outside, 
but also to provide a relatively comfortable place 
with a small amount of energy consumption.

This use of local materials and traditional con-
structive techniques led to the apparition of typol-
ogies and architectonic models related to the local 
culture, climate and environment (Guerra 2008). 
However, this dialogue with the nature was inter-
rupted during the 18th century.

The Industrial Revolution introduced the idea 
that Humanity could release itself from the limita-
tions of nature through technology (De Santiago & 
González 2007). Since then, the comfort inside 
buildings has been provided by machines, increas-
ing considerably the energy consumption. After the 
1973 oil crisis and the rise of energy prices, the situ-
ation changed and comfort could not be based in 
cheap energy anymore. Currently, new standards, 
as Zero Energy Buildings or Passivhaus (Crespo 
2011) are focusing on the construction of buildings 
with very low energy consumption.

Vernacular architecture, with its low energy 
consumption buildings, could be the answer to 
nowadays energetic problems. However, this archi-
tecture is based on utility and functionality over 
comfort (Peiró 2010) and these days the comfort 
criteria has changed radically. The aim of this 
paper is to analyze vernacular architecture strate-
gies and translate them into contemporary archi-
tecture strategies.
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fertile. Besides, constructions also appear close to 
access roads and fountains. Regarding the shape, iso-
lated buildings show compact and solid volumes. By 
locating constructions on top of the plots, losses of 
energy through surfaces were high due winds. Com-
pact buildings reduced the wind exposed surface; 
therefore the energy losses were reduced.

Thus, one can learn many lessons from the high 
located and compact shapes of vernacular archi-
tecture in Sierra Mágina. Nowadays, the sense of 
security produced by visual control of the land and 
access is still priceless. Furthermore, the upper posi-
tion generally provides the best landscape views. On 
the other hand, constructions are more exposed, so 
compact volumes reduce the wind exposition. In 
fact, compactness is one of the basic principles of 
the Passivhaus standard (Crespo 2011).

3.2 Orientation and openings

In a territory like Sierra Mágina, where around half  
of the land is over the 30% slope (Unidad 2001), 
topography determines building orientation. When 
it is possible, the main façade is oriented towards 
south or east, as in winter the most favorable orien-
tation is south, where the solar radiation is higher. 
However, in summer, excessive radiation overheats 
inner spaces. Regarding the openings, the lack of 
knowledge on glass technology and the high solar 
radiation did not allow local constructors to build 
houses with large openings in the façade.

Nowadays has appeared a wide range of solutions 
for these problems, like double-pane and low emis-
sivity glasses, which can be used in all the façades. It 

is preferable to avoid openings to the North, because 
the reduction of the energy demand can reach the 
70%. However, in the west orientation, the direct 
effect of radiation is not desired, so it is highly rec-
ommendable to use shade elements like cantilevers, 
eaves, slats or setbacks. Another traditional measure 
which should not be ignored is the use of wooden 
shutters and curtains in order to reduce heat loss.

3.3 Outside solar control

In vernacular constructions in Sierra Mágina is com-
mon to see loggias protecting the main façade. These 
are sometimes made of masonry, but generally a vine 
grows up over a metallic structure, creating a room 
between the inside and the outside. This new space 
has several different uses, as loading up and down 
animals, farming tasks or just a place for resting. 
In fact, inhabitants build stone benches beside the 
façade, under the vine cover, to get protected with its 
shadow. With enough layers of leafs, solar radiation 
can be blocked during summer. In winter, the vine 
plant loses all leafs, allowing the sun to go through. 
As opposed to inorganic surfaces, vegetation does 
not absorb energy, and uses it for other functions like 
thermal self-regulation through evapotranspiration.

In contemporary architecture it is possible to 
reproduce the conditions of comfort using the same 
vine cover or slats with the correct graduation and 
orientation in order to block solar radiation. Both 
solutions show a better thermal behavior than a 
continuous cover, allowing the hot air to flow and 
preventing the formation of heated air bags (Neila 
2004).

3.4 Wells and fountains

As the only water supply, wells and fountains were 
directly related with rural housing and living. In 
Sierra Mágina, every house or group of houses 
was closed to a fountain and a watering trough 
or at least brought water from wells and fountains 
through pipes (López 2005). These places had 
social relevance, as were refreshing meeting points 
where people got together.

As a basic need for human existence, water has to 
be used carefully. The traditional exploitation of wells 
and fountains needs to be combined with the collec-
tion of rainwater from roofs and paved or unpaved 
areas. In order not only to collect water, but also to 
reduce its consumption, other useful systems are recy-
cling waste water or using new technologies, like dual 
flush toilets or taps with flow limiter. Fountains could 
be built next to meeting points to refresh air, exploit-
ing the latent heat of evaporation of the water.

3.5 Terrain and thermal inertia

In Sierra Mágina it is possible to find some cave 
houses that use the ground and its thermal inertia. 

Figure 2. Temperatures and rainfalls from Sierra 
Mágina. Data from AmbiWeb GmbH (García & López).

Figure 1. The vernacular house (left) had medium 
energy loses and biomass as energy source. The indus-
trial house (right) has high energy loses and electricity as 
energy source (García & López).
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The strategy to take advantage of the earth inertia 
consists in transferring energy from inner air of the 
house to the ground and vice versa. As the ground 
has a stable temperature during the whole year, the 
difference between minimum and maximum inner 
temperatures is low, with values close to comfort. 
Regular houses use the same strategy introducing 
semi basements: the terrain maintains a steady 
temperature. These basements are used, for exam-
ple, to keep olive oil harvested.

Apart from burying part of the building under-
ground, it is possible to take profit of thermal 
inertia with ground heat exchangers and fluids. 
In passive houses the outside air goes through a 
40 meters long tube two meters under the surface 
to exchange heat with the ground (Soto 2011). 
Geothermal heat pumps allow exchanging heat 
several meters under the ground, cooling or heat-
ing a fluid that transfers heat with the inner spaces 
of the house, maintaining a constant temperature.

3.6 Walls

Traditional supporting walls in Sierra Mágina are 
mainly made with rammed earth or masonry, and 
sometime with bricks or stones. Most of them have 
a width of 60…100 cm, with high values of thermal 
inertia (Berges 1997). In winter, during the day, 
solar radiation heats the walls, collecting energy 
and transferring it back to the inner space when 
temperatures go down. During summer, the same 
process cools the walls at night and during the day 

walls cool the air, absorbing its energy. Walls iso-
late inner spaces from the outside, reducing the 
temperature oscillation (Neila 2004).

The traditional use of thermal inertia can be useful 
for contemporary architecture. Using external insu-
lation, the thermic inertia of inner materials is com-
pletely used, because energy transmission is minor. 
This strategy could reduce energy consumption, as 
the inner temperature is more stable and close to 
comfort than in buildings with less thermal inertia.

3.7 Energy generation

Traditional houses in Sierra Mágina are heated 
with chimneys fueled with wood from olive trees 
and pines (López 2005). We may remember that 
olive is one of the most important industries in 
the region, and Sierra Mágina Natural Park and 
its surroundings are full of pine forests. Solar 
radiation is, besides wood, the main energy source. 
Although during winter its influence is positive, 
during summer it can overheat inner spaces.

Nowadays pellet stoves and central heating fur-
naces, with energy efficiency up to 90%, and they 
seem a better solution for heating than chimneys 
which produced air leaks (Neila 2004). In addition, 

Figure 3. Rural house of Sierra Mágina, showing a 
compact volume (Feranza).

Figure 4. Traditional (left) and contemporary (right) 
shadings, as two different languages of the same strategy, 
the protection from solar radiation (García & López).

Figure 5. Traditional (left) and contemporary (right) 
shadings for outside spaces. Two different ways to 
approach the same strategy (García & López).

Figure 6. The traditional use of water (left) is combined 
with rainwater collection in the contemporary use (right) 
in order to save water (García & López).

Figure 7. In Sierra Mágina cave houses (left) and semi 
basements (right) use the ground thermal inertia to main-
tain a stable temperature (García & López).
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the energy source used, biomass, is still present all 
over Sierra Mágina. Solar radiation can heat water 
for human use with solar thermal collectors and 
into electric energy through solar panel, which can 
be also used to produce shadows.

4 CONCLUSIONS

Although this research is focused on the energy 
aspects of design and construction, different 
approaches that still need to be investigated are 
possible, as for example analyzing the role played 
by local materials, traditional professions or con-
structive techniques.Learning from vernacular 
architecture implies to make a big effort to analyze 
not only the traditional constructions, but also 
its relationship with the environment energy and 
water resources, climate or inhabitants. Thus, it is 
possible to understand the needs and demands the 
architecture answered to, which are not the same 
ones as nowadays. Understanding those needs 
allows translating traditional strategies into con-
temporary ones, responding to current demands.

After this research on vernacular architecture in 
Sierra Mágina, one can say that there are a large 
number of energy strategies to learn in order to 
develop contemporary and sustainable architecture 
projects: •the philosophy and know-how of the 
anonymous builders present the largest untapped 
source of architectural inspiration for industrial 
manŽ (Rudofsky 1965).
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Figure 8. Thermal inertia can be used in contemporary 
architecture, through ground-coupled heat exchangers 
(left) or geothermal heat pumps (right) (García & López).

Figure 9. Vernacular architecture uses thick and heavy 
walls with high thermal inertia to reduce energy loses (left). 
Due the improvement in insulation, new buildings lose even 
less energy with thicker walls (right) (García & López).

Figure 10. Traditional buildings in Sierra Mágina used 
biomass and solar radiation as energy resources (left). 
The same strategy, but with higher efficiency can be used 
in contemporary buildings (right) (García & López).

Figure 11. The vernacular house had medium energy 
loses while using inefficient heating (upper left). The 
industrial house has more efficient heating, but high 
energy loses (upper right). The house proposed for the 
21st Century uses high efficient heating with very low 
energy loses (García & López).
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ABSTRACT: The underground fresquera (cold room) is a type of vernacular architecture, excavated in 
the immediate vicinity of the dwelling and connected to it by tunnels. This kind of chamber, excavated 
directly in sufficiently cohesive subsoils (such as clay or sandblasted granite) and without structural sup-
port elements, is very common in Catalonia. However, because it was a vernacular technology, when 
intervening in these structures, technicians have difficulties in guaranteeing regulatory compliance and 
structural safety whilst maintaining their heritage values. This article aims to explain both the typological 
and construction study and the preservation process for one such fresquera.

A principle characteristic of this type of vernacu-
lar architecture is the use of surrounding materials. 
Thus, the clay extracted while digging the founda-
tions was later used to build walls (rammed earth 
technique). In some cases, the foundation work 
included digging out a fresquera, as this provided 
both a cold storage space and additional material 
for the construction of the walls. The clay soil is 
easy to excavate, although some authors consider 
that reddish clay not to be the most suitable mate-
rials for building rammed earth walls. One case 
specifies that if  the excavated material was used for 
such walls, it should not comprise more than 25% 
of the mix (Doat, P & ET to. 1979). Despite this 
recommendation, the material was commonly used 
in house construction.

1 INTRODUCTION

In 2006, the Sant Cugat Sesgarrigues City Council 
requested technical support from Barcelona Pro-
vincial Council. The Servei de Patrimoni Local 
Arquitectònic (Local Architectural Heritage Serv-
ice„SPAL) provided this support for intervention 
in the historical centre of the municipality in the 
form of a pre-diagnosis study, topographical sur-
vey and urbanization project.

In 2010, a cavity was detected in its subsoil dur-
ing the refurbishment works in the church square.

The decision was made to conserve it by con-
structing a concrete slab over the top and thus pro-
tect it from vehicular traffic in the vicinity.

Later, in 2011, the SPAL commissioned the 
same authors to carry out a typological and his-
torical study on the cavity, revealing that it was an 
old fresquera, an underground domestic space.

2 TYPES OF FRESQUERAS IN 
CATALONIA

2.1 Fresqueras and vernacular architecture

In various regions of Catalonia, underground 
spaces have been found that were primarily used 
as fresquera.

In this study based in Sant Cugat Sesgarrigues 
(Alt Penedès region, Barcelona), a number of fres-
queras have been found, dut out of the clay under 
the old urban centre.

Figure 1. Image of the cavity on the day it was found 
(Genís).
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In 1984, Antoni Margarit, (the parish priest of 
Sant Cugat Sesgarrigues), wrote about the ben-
efits of such materials for building, stating: •Our 
town of Sant Cugat would be famous for the abun-
dance of such hypogeum. But it brings us back 
down to earth to remember that, in making the 
rammed earth of the medieval building, the appro-
priate soil had to be used. And this was found in 
the sterile layers of terruño (sub-soil) near the con-
struction sites. The tunnels excavated for this pur-
pose were natural fresqueras, protected from the 
summer heatŽ (Margarit 1984).

Although in some cases these spaces have been 
considered hypogea, used for human burial pur-
poses, their main function was food storage, where 
the atmospheric conditions were well suited for 
conservation.

These domestic spaces are located in clay sub-
soil, although some were also dug out of sand-
blasted granite. Examples of fresqueras excavated 
in sandblasted granite may be found in the Catalan 
regions of L•Anoia and La Maresme.

The underground cavities were neither planned 
nor geometrically shaped: they were constructed 
by masons using traditional techniques, as is usu-
ally the case in vernacular architecture.

The fresquera was primarily a place for storing 
food and wine for household consumption. The 
one near the church of Sant Cugat Sesgarrigues 
was quite possibly also connected to the clergy 
house as the church received tithes, mainly in the 
form of food, which it would then need to store.

2.2 Locations of fresqueras in Catalonia

In Catalonia other fresqueras have been found with 
similar characteristics:

… Vilanova i la Geltrú, Garraf (64 spaces and 
under-ground tunnels).

… Gelida, Alt Penedès (under Marqués street).
… Barcelona city, Barcelonès (in an old building 

intersecting Carrer Montalegre and Carrer Val-
donzella, and under the church of Sant Just i 
Pastor).

… Santa Coloma de Gramenet, Barcelonès (under 
an old house, Mas Torribera).

… Sant Cugat del Vallès, Vallès Occidental (under a 
church Mas Sant Adjutori and Torreblanca).

… Castellbisbal, Vallès Occidental (residential area 
of Eixample del Casc).

… Manresa, Bages (under the church of La Seu).

2.3 Other uses of fresqueras

The fresquera space is definitely a place of other-
ness. But throughout history, it has also been used 
to take refuge from attackers, as shown by oral 

reports. In the case of Sant Cugat Sesgarrigues 
the fresquera was possibly used as a safe haven in 
times of war (War of Independence, 1808…1814; 
First Carlist War, 1833…1840) and revolutionary 
times such as the Rabassaire conflict, as violence 
and attacks on property were very common in the 
Penedès region.

Another example of such uses can be found in 
the coastal town of Vilanova, where connecting 
tunnels between underground chambers indicate 
their use as a wartime refuge and as a hiding place 
for smugglers and their contraband (Dichós Pons, 
Josep Ramon and Rosero Amadó, Alba and Virella 
Ràfols, Guillem 1995).

3 PREVIOUS STUDIES OF THE SANT 
CUGAT SESGARRIGUES FRESQUERA

3.1 Historical development of the Sant Cugat 
Sesgarrigues old centre and its relation to 
fresqueras

Both, the fresquera described in this paper and the 
others described in oral sources are found in the 
historic centre of the village.

This center may have originated in a nearby 
locus ventae of the Via Augusta between the sec-
ond and first centuries BC (Margarit Taya nd).

There is documentation dating back to 1018 that 
mentions the Ventallols tower with its correspond-
ing chapel later converted into a parish church.

During the 18th century, the parish church and 
its surroundings were remodeled and the current 
square site was created. Two houses were docu-
mented, Cal Monjo and Cal Paretas, but both have 
been demolished. The fresquera studied here prob-
ably originated from the construction of one these 
houses.

Oral sources, referring to the cavity under the 
church square, reported that there was a circu-
lar table and benches modeled in clay. The same 
sources recall a fresquera with an entrance from 
inside the rectory. The priest used this fresquera as 
a domestic refrigerator to store food.

3.2 Description of fresqueras

The first visual survey of the fresquera in the 
basement of the square, hereinafter fresquera 1, 
showed that the main space was connected to two 
galleries.

Fresquera 1 is located on the southern approach 
to the recently renovated church square. Modern 
access through a manhole is under the ramp that 
bridges the gap over to Les Creus street.

A photogrammetric study was conducted to 
provide an accurate analysis of the geometry.
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This study shows that the space consists of a 
main hemispherical cavity about 2.95 m high and 
3.12 m wide. It is connected to two tunnel-shaped 
galleries. The first runs to the northeast and ends 
in another, smaller, loop-shaped cavity. The second 
runs to the southeast. Both come to dead-ends.

The northeast gallery is approximately 4.80 m 
under the surface. The south gallery is slightly 
higher than the main cavity, running at a level of 
2.60 m below the surface. The height of both gal-
leries ranges between 0.58 and 0.99 m. The height 
of the small end of the north gallery cavity is about 
1.00 m. It is in this small cavity that one can dis-
tinguish two niches about 0.30 m deep and 0.20 m 
high that may have been used to place small con-
tainers or some kind of lighting system.

During the study, two soil samples were 
extracted from inside the fresquera. The analysis 
of these samples determined that the soil is mostly 
reddish clay, mainly composed of illite, kaolinite 
and some stratified clay.

The clay composition varies also depending 
on the dimension. Up to 3 m from the surface it 
is cohesive siltish clay with a very rigid consist-
ency. Between 3 and 5 m, however, we find reddish 
clay and fine sand substrate corresponding to the 
Miocene era. It is still very cohesive and with a 
very hard consistency.

3.3 Location of other fresqueras in the historical 
center of Sant Cugat Sesgarrigues

Underground GPR prospection was carried out 
to determine the location of other fresqueras in 
the area of the old center. This study was comple-
mented by an analysis of information from oral 
sources.

The conclusion of both studies determined the 
existence of a second fresquera.

The GPR scan clearly showed a cavity, fresquera 
2, about 2 m wide, under the access to the build-
ing that currently houses the rectory in the church 
square.

The oral sources stated that there was an access 
to this fresquera from an inner door in the rectory, 
which connected the ground floor to the basement. 
These stories match the image obtained by GPR.

3.4 Typological parallels in Catalonia

The construction and use of the fresquera as ver-
nacular typology has not produced any written 
documentation to support the various hypotheses 
of use. In addition, few historical, anthropologi-
cal and architectural studies of such underground 
spaces have been made. Therefore, obsolescence 
has sometimes led to legends, such a meeting rooms 
with esoteric and cryptic functions, a hypothesis 
that has been completely ruled out by the existence 
of fresqueras still in use today.

During the study of the fresquera found here, 
typological parallels have been established with 
other cavities excavated in different types of cohe-
sive clays through a non-exhaustive search of 
archaeological and historical studies in areas where 
the subsoil has these geological peculiarities.

Figure 2. Fresquera 1 photogrammetric study. Longitu-
dinal section (Majó).

Figure 3. Image of the northeast gallery from the main 
cavity (Genís).

Figure 4. Hypothesis of fresquera 2 access from inside 
the rectory building, based on eyewitness accounts 
(Planelles).
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These parallels have identified geometrical, 
formal and functional characteristics in common 
with the Sant Cugat Sesgarrigues fresquera. One 
example would be the aforementioned fresquera of 
the former rectory of the church of Sant Adjutori 
(Sant Cugat del Vallès).

4 RESTORATION PROJECT

4.1 Objectives

After the detailed studies described above, in 
2011 the Sant Cugat Sesgarrigues City Coun-
cil asked the same authors to design a project to 
highlight the heritage value of this space. The res-
toration of these fresqueras, currently underway, 
aims to provide restricted access and ensure their 
conservation.

4.2 Intervention criteria

Since the original entrance through a tunnel has 
collapsed, a new access from a public building 
located in proximity will be built. However, due 
to the limited size, very common in the vernacular 
architecture and appropriate for the original type 
of construction, this new access will be restricted. 
Any intervention to enable public use, under cur-
rent regulations, would involve a new access out of 
proportion to the original space to visit.

A historical construction system will guaran-
tee a non-aggressive process in building the new 
access. This construction involves the use of well 
aged ceramic bricks and lime mortar.

In order to halt the degradation process, the 
temperature and humidity of this space will be 
monitored. There will also be both a natural and 
forced ventilation system.

4.3 Conservation status

The current conservation status is irregular depend-
ing on the area.

As mentioned before, the fresquera was detected 
during the refurbishment of the church square. 
Unfortunately one of the machines caused the 
collapse of the main cavity. This incident, possi-
bly together with the hygrometric changes brought 
about by the construction of the concrete slab and 
the diaphragm walls that support it, have led to 
considerable deterioration of this central cavity.

This subsidence has caused the loss of the inter-
nal volume of the space, so that the vault has been 
destroyed and the collapsed material lies on top of 
the original level of use.

However, the two galleries and the smaller cavity 
have maintained their original geometrical configu-

ration. Degradation to the central cavity has not yet 
been stabilized, since small landslides continue.

The variation in moisture conditions of the 
fresqueras clay walls affects their geotechnical 
characteristics. A decrease in moisture can cause 
dewatering and peeling, whereas an increase in the 
percentage of saturation can weaken them.

Both processes can cause surface material to fals 
and possibly loss of wall stability in the long term.

4.4 Proposed intervention

The project aims to carry out an intervention as 
minimally invasive intervention as possible, to 
maintain the original volume, while providing a 
new access.

The project proposes a stairway from inside the 
neighboring public building, as was used in these 
types of constructions. From the stairs, a small tun-
nel will provide access to the central cavity, at the level 
of use determined by archaeological excavations.

To make the stairs and the tunnel, a minimally 
aggressive construction system with existing fres-
queras has been chosen. The use of breathable 
materials such as ceramic brick and lime allow con-
trolled aging and requires little maintenance. The 
manual construction will be implemented gradu-
ally, combining the excavation with the formation 
of walls and vaults.

The new tunnel will be built with the standard 
system used in other buildings of similar charac-
teristics, such as air-raid shelters, communication 
tunnels between buildings, basements, galleries, 
wineries, etc., where timbrel vault has been used.

This system generally relies on the stability of 
the walls and vaults of the excavated natural ter-
rain itself, where the added ceramic walls and tim-
brel vault work as protection from landslides.

Figure 5. Project section (Genís & Sanmartí).
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Likewise, all the ceramic vaults and walls have 
a large load-bearing capacity, by virtue of their 
geometry, increased if  changes of address, set-
backs or waves exist in its plane.

The vaults are usually made of two or three lay-
ers of tiles, with lime mortar and caulking material 
on the upper side, supported at the crown of the 
walls. The walls are usually single pieces of solid 
brick placed lengthways.

The excavation will take place under constant 
supervision to prevent further degradation to the 
internal geometry of the cavity.

From the ground floor access in the public 
building to the entrance of the central cavity, walls 
will have clay finishes, evoking the underground 
space that is being accessed. Lighting will be very 
dim, reproducing the candlelight that was origi-
nally used.

Once in the central cavity, access to the tunnels 
will not be allowed, due to the reduced morphol-
ogy and the risk of landslides.

Lighting will be directed toward the two tunnels 
and the lower cavity, so that it can be viewed from 
the central cavity. There will also be a volumetric 
reconstruction of the space, like a stage, to recreate 
the spatial feeling of the original cavity.

A dome-shaped fiberglass ceiling will be con-
structed. This surface will be screened with clay, 

Figure 6. Construction detail of the vault to be built 
(Palou).

Figure 7. Virtual recreation of main cavity (Planelles).

Figure 8. Stairs dig on clay (Sanmartí).

Vernacu_Book.indb   325Vernacu_Book.indb   325 7/31/2014   7:41:28 PM7/31/2014   7:41:28 PM



326

reproducing the original roof finish. Special care 
will be taken with the lighting in this space so as 
not to highlight this reconstruction stage.

5 CURRENT WORKS

During the archaeological prospection, the level of 
original use was identified at about 90 cm under the 
current one. Whitish, calcareous clay in the lower 
part is compacted by use and forms the floor. A 
few ceramic remains have been found, but are not 
enough to date its use.

A new discovery has been made, with several 
silos detected at ground level. Two of them have 
been removed in order to build the stairs and the 
tunnel. An 18th piece of pottery was found as fill-
ing material in one of them.

As was hoped, the clay soil is very cohesive and 
can be cut easily while maintaining its shape. The 
provisional stairs are good enough to be used for 
the works.

The clay strength analysis shows very good per-
formance. Durability testing concludes that the 
clay soil is very cohesive, while maintaining mois-
ture conditions.

Desiccation, caused by excessive ventilation of 
the space during the works, has caused damage to 
the main cavity walls as demoisturizing the clay has 
produced a number of cracks. In order to halt this 
damage, the ventilation was stopped and moisture 
has increased to safe levels.

6 CONCLUSIONS

Fresqueras are very simple underground construc-
tions excavated under dwellings and used since 
long time, until new technology saw the invention 
of electrically powered refrigerators.

But this type of home construction, with vari-
able dimensions and whose tunnels and cavities 

sometimes invaded the public space, are fragile, 
both in terms of construction characteristics and 
obsolescence. The vast majority has disappeared 
and their approaches sealed with the refurbishment 
of the dwellings. Their domestic, and therefore pri-
vate, function is the reason why such constructions 
are somewhat unknown and have not been thor-
oughly studied.

Should such studies have been carried out, they 
would have provided valuable knowledge regarding 
the features and functionality of these peculiar ver-
nacular spaces linked to dwellings. It is therefore 
necessary in this regard to promote further stud-
ies on the subject, before such structures disappear 
entirely. They should be classified and existing fres-
queras should be valued, restored, and opened to 
the public, providing the opportunity to visit them 
whenever possible and learn about their history.
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ABSTRACT: Vernacular architecture has demonstrated its perfect environmental adaptation through its 
empirical development and improvement by generations of user-builders. Nowadays, the sustainability of 
vernacular architecture is the aim of some research projects in which the same method should be applied in 
order to be comparable. Hence, we propose a research method putting together various steps. Through the 
analysis of geographical, lithology, economic, cultural and social influence as well as materials and construc-
tive systems, vernacular architecture is analyzed. But, all this information is put together with the natural 
landscape (topography and vegetation) and the climatic data (temperature, winds, rain and sun exposure). 
In addition, the use of bioclimatic charts, such as Olgyay or Givoni•s, revealed the necessities and strategies 
in urban and building design. They are satisfied in the vernacular architecture by the application of different 
energy conservation mechanisms, some of them are shown by different examples in this paper.

Martín 2004, Cárdenas, Maldonado, Barbero & 
Gil 2008, Luxán et al 2011, Barbero, Gil, Maldo-
nado & Cárdenas 2013, Gil Crespo 2014).

2 FACTORS TO TAKE INTO ACCOUNT

The analysis of climatic adequacy of vernacu-
lar architecture is based on several factors which 
should be taken into account. They conforms the 
knowledge and comprehension of both the natu-
ral and human media as well as the architectural 
expression.

Vernacular architecture forms and elements• 
links are derived of its adaptation and develop-
ment in a specific place -locus- and it is expression 
of its human, cultural and physical characteristics. 
Geology, relief, climate, history, economy and cul-
ture affects to the building materials and systems 
as well as the architectural type which is the result 
of the function-use and in the bioclimatic aspects 
of the site architecture.

It is clear that environment influences architec-
ture, in such a way that architecture is developed 
to compensate its scope. This relationship affects, 
first, to constructive aspects. In a pre-industrial 
stage, in where there are no technical or material 
standards, the diversity of the architecture is uni-
fied and has a traditional and vernacular character 
that it is kept or modified depending on the empiri-
cal experience of the inhabitants. Architecture 
takes maximum advantage of the environment•s 
possibilities with the optimal economy of means. 
Building materials are taken near the construction 
site. The material and the construction technique 

1 INTRODUCTION

Vernacular architecture has been revised for two 
decades as an expression of our cultural heritage. 
To be exact, its constructive and typological char-
acteristics have been successively reviewed from 
different and innovative points of view as archi-
tectural sustainability that complete the traditional 
social-cultural point of view (Rudofsky 1968, Oliver 
2003). Vernacular architecture is an example of the 
adaptation of construction to the environment and 
to the place through an empirical and generational 
experience and learning. And, it is the latter which 
has allowed the improvement of the systems. The 
natural and human environmental adaptation is one 
of the teachings of the study of vernacular archi-
tecture. This knowledge is essential for preservation 
and maintenance of this type of architecture which 
implies as well the search for solutions for adapta-
tion to the new functional and technical standards. 
Since 20 years ago, the traditional point of view in 
terms of history, typology and folk of vernacular 
architecture has been reconsidered. Vernacular 
architecture•s energetic behavior about its adequacy 
has been researched by several authors (Alp 1991; 
Gavieta 1991; Matsubara, Nakase & Horikoshi 
1991; Özdeniz 1991; Al-Hinai, Batty & Probert 
1993; Jingxia 1996; Cardinale, Micucci & Ruggiero 
2003; Singh, Mahapatra & Atreya 2008; Vissilia 
2009; Zhai & Previtali 2010).

In the case of Spain, several energy analysis on 
traditional industrial buildings have been made 
(Mazarrón & Cañas 2009, Ruiz, Cid & Cañas 
2010, Saá et al 2011, Saá et al 2012), but also there 
are researches about residential buildings (Cañas & 
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determine the architecture. However, it is proven 
that the combination of the different natural and 
human characteristics of the environment has 
determined the constructive, formal and functional 
traditions, e.g. there are stone architecture if  there 
is stone in the place and the inhabitants know the 
work of stone-cut.

This architecture is built by the owners in the 
rural environment and it has been made employ-
ing an elemental pre-industrial technology. It has 
followed models based in the tradition, which has 
been reproduced and developed along time in a 
geographic region with all its characteristics. The 
result is a rational typological, functional and con-
structive characterization: architecture serves to 
the necessities and the economical possibilities of 
the society. This rational sense is reflected in the 
simplicity of the inner distribution in dwellings or 
auxiliary buildings, but also in the solutions of the 
traditional constructive techniques or the variety 
on bioclimatic resources which link the man with 
the environment through vernacular architecture.

Based on these assumptions, the delimitation 
the geographical field of study is the first task. This 
delimitation is mostly determined by geographical, 
social, economical or historical characteristics. In 
this sense, as preliminary analysis, it is necessary 
to define the knowledge about the beneficial and 
adverse aspects of the environment in terms of 
geology, lithology, relief, biology and, mainly, cli-
mate. The tools for this analysis are the different 
synoptic maps and also the data about the micro-
climatic normal values: annual, monthly and daily 
maximum and minimum average of temperature 
and humidity, average of rains, solar radiation and 
the numbers of days with rain, storm, fog or frost. 

These data are the average of a large time lapse of 
a minimum of 10 years, being convenient for rel-
evance those referred to 30 years.

Geological and lithological characteristics influ-
ence on the use and work of constructive materials 
and techniques. Relief and rivers web study help to 
know the situation of the settlements in terms of 
water supply or agricultural use, the optimal orien-
tations for sun radiation of shading protection. At 
the same time, these factors influence in the direc-
tion of the winds and the formation of fogs. So, 
architecture will require mechanisms to protect of 
these climatic factors.

Geobiology„natural fauna and flora, agricul-
tural and cattle landscape„analysis is important 
because its results could be used to know the form 
and the function of several auxiliary buildings, the 
link between human and animals and the employ 
of vegetal roofs.

At last, it is important to know the traditional 
way of life in each studied region because this rela-
tionship between natural and social environments. 
In the case of Spain, there are several important 
historical factors to take into account, as the pre-
dominance of minifundia - smallholding„or lati-
fundia as agricultural exploitation. The influences 
of the diverse cultures„Celtic or Iberian, Roman, 
Visigothic, Islamic„of each region are different. 
This item explains some differences in the social, 
economical or folk way of life that are essential 
to know the typological function of dwellings or 
architectural elements as windows, balconies and 
others. The cultural and historical past has rel-
evance in the forms of vernacular architecture and 
also in the predisposition of the inhabitants to 
choose the materials and techniques.

Thus, the knowledge of all these factors that 
determine the place and its influence on the 

Figure 2. Braña in Asturias. Stone walls with straw 
roof in which the relation among the building material, 
economy and architecture is clear (María del Mar Bar-
bero Barrera).

Figure 1. The forms of the architecture are adapted to 
the natural and human media. Dwellings in Villaciervi-
tos (Soria, Spain) are grouped in rows. They have a big 
roof with low slope. Northern walls are low and thick 
and they have not hollows. In the interior there are coex-
istence of humans and animals. The big chimney (called 
chimenea pinariega) covers the whole of the space of the 
cook room (Gil Crespo).
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architecture have to be afforded by the analysis 
of the environment and climatic factors. Climatic 
factors such as wind, rain, temperature and solar 
radiation do not only define the situation of the 
settlements near water sources, but also the dispo-
sition and characteristics of the vernacular build-
ings. The bioclimatic chart of Olgyay (1998) is 
used to value the urban adequacy of the settlement 
to the climatic characteristics. This tool also serves 
to know the adequacy of the adopted strategies 
when there are modifications in the planning and 
in the historical changes of the town. In this sense, 
the employ of Olgyay•s bioclimatic chart allows to 
value how these alterations have been able to affect 
or not the modern urbanism and its influences on 
the traditional buildings. This analysis is completed 
with the study of the hygrothermal (temperature 
and humidity) behavior of the interior of vernacu-
lar dwellings by means of Givoni•s chart (1969).

3 METHOD OF ANALYSIS OF 
ENERGY PERFORMANCE OF THE 
VERNACULAR ARCHITECTURE

A deep knowledge of the natural and human con-
ditions of the geographical region which is the aim 
of the research is previous to the architectonical 
analysis. The latter is developed in several levels 
or scales: territory, urban, building as well as their 
elements. Cartography, plans and photography are 
the basic tools used in this stage. The territory and 
urban scale use topographical, ortho-photographs 
and digital models of the land as well as cadastral 
plans and historical and current aerial photographs. 
They allow us to research the type of settlements as 
well as the use of the public-private spaces as well 
as the use of solar radiation through its historical 
evolution, among others.

Based on the architectonical scale, the planim-
etry of the building„layout, elevation, sections 
and relation between the building and the urban 
space„is the common used tool which allows 
us between a comparative method to establish a 
invariants and the architectonical types based on 
a classification of the type and morphology of the 
ensembles. Constructive details of representative 
elements complete the architectural analysis.

On the other hand, indoor mechanisms are ana-
lyzed. It implies the analysis of the tools that were 
used for solar protection and collection of solar 
energy, lighting as well as the use of winds, breezes 
and rainfall according to the specific requirements 
of the place and the inhabitants.

Givoni•s bioclimatic chart (1969) is used to 
investigate the influence of each parameter and 
evaluate the adequacy of the strategies. It is a 
practical tool for the design and the analysis of the 
indoor environment based on the experience of the 
circumstances in which inhabitants are in comfort 
conditions taking into account parameters such as 
the latitude, human group, physical activity, clothes 
and age, among others. At the same time, it implies 
that comfort area should be defined according to 
the specific characteristics of the region in which 
the building is placed and the type of population. 
In these circumstances in which the physical well-
being is not achieved due to the temperature or the 
humidity conditions, Givoni•s chart provides some 
bioclimatic strategies to solve the deficiency.

The analysis by the Givoni•s chart is based on 
the introduction of different points (dry tempera-
ture and humidity) which defined the normal cli-
matic values of a region. In a preliminary analysis 
of general character, the introduction of annual or 
seasonal average values can give us an idea over 
the building adaptation to the climate. However, 
it is interesting to develop a complete analysis in 
which daily and monthly variations are taken into 
account. In this way, hygrothermal variations of 
the place and its influence on the buildings as well 
as the necessity to apply differential strategies as 
a function of the day or the season can be ana-
lyzed. In this way, natural hygrothermal conditions 
can be guaranteed the welfare inside the building, 
in kind climates. However, conditions can be out-
side the comfort area or admissible comfort area 
in specific moments or situations. Regarding this, 
in Spanish climate, it is frequent that natural ven-
tilation should be necessary in summertime con-
ditions; while the strategy can be the opposite in 
wintertime and, in this case, the protection could 
be the predominant strategy, even with the require-
ment of active systems of conditioning.

Hence, the building analysis will be bound not 
only to the previous analysis of the architectural 
parameters which defined it but also to the territorial 

Figure 3. Urban settlement analysis in Gredos range 
(Gil Crespo 2011).
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and urban ones. Through them we should analyzed 
the way in which architecture and its elements (shape, 
size, situation and construction as well as some spe-
cific elements such as windows, balconies, eaves, 
roofs or flat roofsƒ), its distribution and type (com-
pacted or dispersed, layout around courtyardsƒ) or 
even its urban ensemble (orientations, solar obstruc-
tion or capitation) as an answer to the necessities of 
the climatic region in which is placed.

4 ENERGY CONSERVATION 
MECHANISMS IN SPANISH 
VERNACULAR ARCHITECTURE: 
THREE CASES OF STUDY

Following the analysis of three architectural types, 
placed in different geographical regions, are exposed. 
They summarize different papers published last 
years by the authors (Maldonado, Castilla, Vela 
& Rivera 2001, Cárdenas, Maldonado & Gil 2007, 
Barbero-Barrera 2007, Cárdenas, Maldonado, Bar-
bero & Gil 2008, Gil Crespo 2011, Barbero, Gil, 
Maldonado & Cárdenas 2013, Gil Crespo 2014).

4.1 Dry warm subtropical climate: Eastern 
Canary islands

Eastern Canary Islands (Lanzarote and Fuerteven-
tura) show a warm climate which is characterized 
by the absence of thermal and humidity oscillation, 
without rainfalls and a continuous and strong wind. 
The factors that determine the climate are the sub-

tropical latitude, the insularity and the influence of 
Azores• anticyclone, trade winds, cold oceanic cur-
rent and the topography of the island as well as the 
proximity to Africa and to the Sahara•s dessert.

In this region, dwellings are distributed around 
the courtyards which are oriented towards south-
east to take advantage of the solar radiation and, 
mainly, to protect the construction against the 
characteristics winds of these islands. The most 
of the windows are placed leeward (southeast) 
while windward walls are commonly opaque. The 
high temperature justifies the height of the roofs 
to benefit ventilation and the ascension of the hot 
air. While the low precipitation is used by the water 
gathering and conduction in the flat roofs which 
is conducted to the auxiliary constructions for its 
storage and preservation.

4.2 Cold climate of mountain regions

On the opposite, in a cold or mountain climate, 
dwellings are compacted and gathered. The slopes 
of the roof depend on the amount of rainfall and 
its type (rain or snow). In this type of regions, with 
plentiful rainfalls, eaves are huge to move away 
the water from the construction; while windows 
are oriented towards south, east or southeast for 
solar collection although their limited dimensions 
show that the predominant strategy is protection. 
At the same time, small ceilings preserve the hot 
air while, in a stockbreeder economy, the presence 
of animals indoor is common to take advantage of 
them in wintertime (Gil Crespo 2011).

4.3 Underground architecture

Other of example of architectural adaptation 
to the climate is the caved architecture as cave-
dwelling or as underground dwelling (Cárdenas, 
Maldonado, Barbero & Gil 2008). In this case, the 
thermal inertia of the land is used to compensate 

Figure 4. Simplified Givoni•s bioclimatic chart from 
Madrid in which monthly maximum and minimum 
temperatures and humidities are drawn. As it can be 
observed, cooling by natural and mechanical ventilation 
is required in central hours of the day in July and August; 
in wintertime, passive solar heating can compensate dif-
ferences between day and night to achieve comfort condi-
tions (credits: Luxán et al 2009).

Figure 5. Dry and hot landscape in Lanzarote (María 
del Mar Barbero Barrera).
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the high hygrothermal oscillation in geographical 
areas in which this type of dwelling is placed. This 
strategy together with the use of breezes in sum-
mertime as well as their urban planning guarantee 
the comfort levels in areas of high severity (Bar-
bero, Gil, Maldonado & Cárdenas 2013).

5 CONCLUSIONS

The use of a methodology for the climatic analysis 
applied to the analysis of the traditional or ver-
nacular architecture shows the importance of its 
environmental adaptation as well as energy conser-
vation mechanisms. The latters have their expres-
sion in several architectural elements (windows, 
eaves, walls, windbreaksƒ), and architectural 
types (cave-dwellings, dwellings with courtyard, 
compacted houseƒ) as well as urban planning 
(disperse settlement, long blocks, orientation and 
topography adaptationƒ).

This paper promotes the revival and valuation 
of traditional architecture not only because of 
its cultural and historical values (preservation of 
buildings and the history and culture of a region) 
but also from a social point of view (adaptation to 
the lifestyle, uses and customs). In addition, tra-
ditional architecture is the expression of energy 
adaptation with the minimum sources. Regard-
ing this, the analysis of climatic adequacy of this 
type of constructions has to take into account the 
building itself, its evolution and the directly and 
indirectly related factors. Among others, it should 
be considered its layout in the urban space and 
environmental characteristics such as geology or 
climate conditions. The physical, geolithological 
and morphological environment have influence 
on the selection of the settlements in terms of the 
most suitable for construction and the preserva-
tion of the best for agriculture uses. In addition the 
use of some building materials and techniques are 

Figure 7. Mountain architectural landscape in El Peral 
(Asturias). (María del Mar Barbero Barrera).

Figure 6. Section of a house in Mácher, Lanzarote, where the indoor conditioning system is explained. Air crossing is 
used as strategy to reduce the temperature in summertime while the glasses at the top of the windows controls the solar 
radiation and heating of the space (drawing by I.J. Gil Crespo, published at Cárdenas, Maldonado & Gil 2007).

Figure 8. Neighborhood of cave-dwelling in Tielmes 
(Tajuña•s valley, Madrid). Caves are excavated in the 
slope of the valley and only chimneys and façades are 
visible (María del Mar Barbero Barrera & Ignacio Javier 
Gil Crespo).

determined by their availability. Climatic condi-
tions such as winds, breezes, solar radiation, light-
ing, rainfalls and intensity and flood areas affect 
the location and shape of the urban settlements as 
well as the architecture.
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Vernacular architecture is a possible answer to 
the necessity of accommodation to the inhabitant 
of a region, which depends on the natural environ-
ment and socio-economical characteristics of the 
social group. Building adaptation to the social, 
economic and cultural changes of the rural areas is 
basic to avoid their abandon and inevitable wreck. 
Hence, vernacular architecture is not an outdated 
architecture and it has to be understood as a learn-
ing tool which is the result of analysis and evolu-
tion if  it is analyzed with architectural awareness.
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Architecture by the vineyards: The case of Caudete de las Fuentes

R. Giménez Ibáñez & S. Tomás Márquez
Universidad Politécnica de Valencia, Valencia, España

ABSTRACT: Vineyards have been an inherent part of the landscape of Utiel-Requena region for cen-
turies. They are part of its architecture, economy and history. Therefore, they are recognized as a regional 
hallmark, taking into account its cultural, social and economic heritage. However, as important as the 
landscape is the architecture of the area. Thus, it is necessary to know, appreciate and protect this heritage 
through its analysis. Traditionally, the history of wine has always been looked from an economic, social 
or statistical perspective. The references to wine-related buildings and, especially, those that are directly 
ascribed to the crop, can be found in literature very rarely. Within such landscape, we can find the most 
modest construction typologies, born from the earth itself, built with natural materials and camouflaged 
into the environment, and enduring over time without maintenance or scarce investment.

3 OBJECTIVES AND METODOLOGY

Nowadays, preliminary studies are performed 
so that all domains of the cultural heritage are 
evaluated from a specialized perspective. The 
majority of them emerge from the necessity of 
gaining knowledge on how to manage, respect and 
preserve this heritage.

In the case of architecture linked to wine, how-
ever, there is a lack of precedents in literature that 
deal with this topic. This research, thus, is not 
based on earlier work, but builds on an original 
analysis of the subject.

In this sense, the architectural heritage of wine 
deserves a detailed study and analysis that cov-
ers its spatial, formal, compositional, constructive 
and material characteristics. This requires a direct 
approach, with graphic material and images of the 
structural surveys from where the analysis will be 
conducted.

Considering the little interest generated so far by 
this type of architecture, this research aims at rais-
ing people•s attention about the topic to improve 
the protection of the environment. The informa-
tion collected will be used to preserve it, in any 
case, at least in our memory.

The methodology that we use explores the 
architecture in two ways: in a technical man-
ner, through graphic surveying, both general and 
specific; and in a more general way owing to the 
importance of some buildings related to the con-
sidered landscape.

The graphical information is obtained through 
direct observation of the constructions that are 
associated with wine making, as they can be found 

1 INTRODUCTION

This research intends to make written and graphic 
memory of  the architecture linked to the cultiva-
tion of  the wine in Utiel-Requena region. More 
specifically, the first phase of the investigation 
was run in the municipality of  Caudete de las 
Fuentes.

After analysis of  the available bibliographic 
information, it can be concluded that wine has 
been investigated over the years through publica-
tions that deal both with its production and its 
economic impact. However, as far as we know, 
there is not a research that studies the relation-
ship between wine and architecture and, therefore, 
we decided to focus on this issue for the present 
work.

The long-term goal that can be achieved with 
this research is to promote the conservation and 
enhancement of the architecture linked to such 
type of the landscape.

2 RESEARCH CONTEXT

Utial-Requena region is characterized by a land-
scape where vineyards are predominant. The 
typology of  architecture analyzed in the present 
study, despite being rather simple from a struc-
tural standpoint, played a relevant role in the past 
in boosting the economy of the region, as a place 
that concentrated workers, animals and equip-
ment. This study reviews exclusively the typology 
that can be found near the crops and is closely 
related to the latter.
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today. We collected and processed as much infor-
mation as possible in order to make the analysis 
from all relevant viewpoints.

General features are analysed first, followed by 
particularities that represent all the singularities 
that make the scenario unique, such as the lack of 
right angles and sophisticated decorative elements, 
and the coexistence of superimposed structures 
added over the years, which hinders a straightfor-
ward understanding. Furthermore, in some cases 
the buildings are in total ruin.

Based on the processed documentation we 
could draw conclusions on the architecture linked 
to wine culture around the Utiel-Requena region, 
and especially in the municipality of Caudete de 
las Fuetnes.

4 THE VINEYARD IN THE LANDSCAPE 
OF THE REGION

The Utiel-Requena region lies within the Spanish 
southern sub-plateau, separated from the latter 
by the river Cabriel. The whole area slopes down 
slightly from northwest to southeast with an alti-
tude between 600 and 900 meters above sea level. 
Situated in the Valencia region and covering an 
area of 1725.9 km2, it is one of the largest wine 
regions at the national level.

Its geographic structure corresponds to a pla-
teau located in the lower limit of the La Mancha 
plain, and partially crossed by the rivers Cabriel 
and Magro, with its different tributaries and some 
associated Mesozoic reliefs emerging from them.

The region•s location and geography result in a 
shift between Mediterranean and Continental cli-
mates due to its altitude and distance from the sea. 
As a consequence, winters are cold and long-last-
ing with occasional heavy frost and snow, whereas 
summers are short.

The general climate of the region is rather dry, 
with two rainy seasons: spring and autumn. Tem-
perature fluctuations are sharp, between winter 
and summer, but also between days and nights.

All these facts reduce the scope of feasible agri-
cultural options, and the range of cultivated upland 
crops is limited to plants such as grapes, almonds 
and olives, the last one in a lower extent. Tradition-
ally, the region has been devoted to various indus-
trial activities, the most significant of which refers 
to the agricultural industry and, specifically, to 
wine production. All this favoured the creation of 
an architectural landscape apparently valueless, as 
modest, yet very important to preserve information 
on traditional building techniques of the area.

Unfortunately, there are more and more examples 
of this type of architecture that disappears under its 
ruins as the result of the negligence and insufficient 
maintenance over the years or due to the unavoid-
able necessity of their owners to make them more 
•suitableŽ for the development of their activities.

For much of its history, winemaking favoured 
the emergence of wineries or cellars of different 
size in urban centres, as for example the under-
ground cellars. This was very typical during the 
nineteenth and twentieth century, with the first 
cooperatives founded by the mid-twentieth cen-
tury, which resulted in the disappearance of the 
small and dispersed domestic productions. The cel-
lars and wineries became, then, forgotten and rap-
idly degenerated and ruined in most cases.

Valencia vineyards, and specifically those from 
Utiel-Requena region, occupy a very important 
part in the Spanish wine area.

Originally, the wine production in this region did 
not reach an important commercial dimension due 
to the difficulty of communication with seaports. 
However, this situation changed after the Cabrillas 
road was opened, which implied direct communi-
cation with the seaport of Valencia (1825…1847) 
(Piqueras 1981).

The crisis in the French production, the crops of 
which were affected by the oidium, enhanced the 
demand for Caltan and Valencia wine, which led 
to the recognition of the Utiel-Requena wines and 
made them suitable for blending with other wines 
for the sake of quality. This was the reason why the 
demand could be maintained even during the years 
that exportations went to crisis.

The attacks by the oidium were also present in 
the studied region, but winemakers continued rely-
ing on the cultivation, planting new vines. Business 
expansion led winegrowers to build associations, 
pursuing the improvement and control of cultiva-
tion techniques, winemaking and merchandising.

The economic development of the region var-
ied in the eighteenth century, due to the depletion 
of an old livestock and cereal model proper of 

Figure 1. General view from the construction. Usually 
they are masked into the field (Giménez).
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the thirteenth century, and this enabled a gradual 
expansion of the vine production. By 1752, the 
estimated annual production of wine was around 
23,000 pounds in Requena. The wine at that point 
had a poor quality and served mainly as a supply 
for the inhabitants of Requena.

By 1787, the wine production to 80,000 pounds 
(increased approximately 40%) and, a few years 
later, the number rose to 156,000 pounds thanks 
to the overwhelming process of diffusion that was 
intensified even more in the nineteenth century as 
a result of the international situation.

The phylloxera virus, already presented in the 
rest of the Europe, reached Spain in 1878 and accel-
erated the demand of vines from Spain. All this led 
to the need of adapting to the new crops condi-
tion by investment into machinery, by creation of 
prevention treatments, and by the introduction of 
other varieties of grapes that were immune to phyl-
loxera. However, from the architectural point of 
view, not much change was introduced, especially 
for small growers, who continued elaborating wine 
in the same places and did not witness the con-
struction of cooperative wineries until 1955. Only 
the owners of large wineries with high purchasing 
resources could afford the implementation of more 
industrialized manufacturing processes.

Neither the guild of vintners created in Utiel nor 
the societies of Requena nor Sagunto, which got the 
attention in the last third of the nineteenth century, 
can be considered as predecessors of the cooperative 
movement, as they were rather elitist associations of 
large winegrowers. The cooperatives, in contrast, 
were born driven by the necessity of small vintners 
to survive. The Utial-Requena region, indeed, cor-
responds to the greatest level of contribution to the 
cooperative system of the country.

The cooperative movement began in 1927 with 
over a hundred small winegrowers from the region of 
Utiel and eight years later another group of similar 
characteristics from the Requena region joined the 
cooperative, although its progress was very slow until 
1958 due to a few years of very strong droughts that 
paralyzed the growth. In 1958, a prosperous harvest-
ing revitalized the movement and propelled its recu-
peration, especially during the period 1958…1961. 
Since 1965 no new cooperatives have been founded.

One of the reasons of the abandonment of farm-
lands in favour of other economic activities, and 
the emergence of part-time growers, is the limited 
commercial experience of the cooperative mem-
bers to merchandise and sell their wines directly. 
Such situation caused the growers to depend on 
the action of sales agents or •runnersŽ, who took 
advantage of the occasion and purchased wine at 
a massive scale and low prices, and hindered, thus, 
a possible wine boom. This caused the business 
vision that existed in the past to get lost.

It is common that the Utiel-Requena wine is pur-
chased by other designations of origin of Spain, as 
Jumilla, the sales representatives of which work to 
make offers to the local cooperatives to buy their 
varieties and flesh them out with other varieties.

In the region investigated here, the most common 
variety is Bobal grape that has very specific charac-
teristics, such as resistance to rough weather. Due to 
its resistance to the phylloxera virus, the vineyards 
of Utiel-Requena escaped from the devastating 
effects of the virus in the past. This variety has been 
very little recognized in winemaking for many years 
because of its strong shade, which made it suitable 
only for blending with other varieties. However, in 
last years, private cooperatives have proliferated and 
opted for this variety, producing 100% Bobal wine 
at a small scale, yet with very good reference both at 
national and international markets.

5 THE CASE OF THE VILLAGE 
OF CAUDETE DE LAS FUENTES

The Municipality of Caudete de las Fuentes got its 
name in June 27th, 1916, when the Spanish Govern-
ment decided to change, by a Royal Decree, the names 
of 573 municipalities to avoid misunderstandings. 
For selection of the name, it was taken into account 
the habits and affections of the village, its traditions, 
as well as the historical background and special cir-
cumstances of the land. The appellation of •Las 
FuentesŽ was added to •CaudeteŽ to distinguish the 
village from another using the same name (Caudete) 
in the province of Albacete (De Fuentes 1993).

The origin of the town dates back to the seventh 
century BC. The ancient site was located southwest-
ern with regard to the present village, on a small 
hill known today as Cerro de los Villares, where we 
can find reminiscences of the ancient Iberian city 
of Kelin. In the Roman period, around the second 
century BC, the urban nucleus gradually shifted to 
the plateau near river Madre•s shore, as evidenced 

Figure 2. Vine landscape (Giménez).
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by various remains found around Caudete. This 
new roman population was known as ACPUT 
AQUAE (spring water), which later derived into 
Qaabdq in Arabic, and into Cabdet in romance lan-
guage, which originated the current name. The stra-
tegic location of Caudete, near the headwaters of 
the river Madre de Cabañas and close to the road 
between the Spanish central plateau and the Valen-
cia coast (natural corridor of the river Magro), 
turned the town into a transition spot for people 
of diverse cultures crossing the country, and who 
settled in it along the centuries, such as Iberians, 
Romans, Visigoths, Muslims and Christians.

The municipality is part of the Utiel-Requena 
region, with nine municipalities, which are Requena, 
Utiel, Venta del Moro, Camporrobles, Sinarcas, Cau-
dete, Fuenterrobles, Villargordo Cabriel and Chera.

The boundaries of the municipality are: north: 
Utiel, east: Utiel and Requena, west: Venta del 
Moro and Fuenterrobles and south: Requena.

Until 1851, the Utiel-Requena region was part 
of the province of Cuenca, but was later included 
in the province of Valencia.

Several hamlets are part of the landscape of 
the town. Historically, there were a great number 
of these, but nowadays only three remain: Casa 
Doñana, now a farm dedicated to the production 
of cheese; El Tormillo y El Renegado (or Renegao), 
whose owners are dedicated to produce wine and to 
a new business, the agro-tourism. There are many 
other places close to the town that give names to 
hamlets that will be analyzed later.

As in other municipalities in the region, agricul-
ture has been replacing ranching that used to be 
the primary activity for people from Caudete since 
the mid-eighteenth century. Wine became the only 
income for locals until a few decades ago, when the 
government decided to promote other crops that 
could favor the subsistence of the farmers in the 
whole area (Mata C. 1996).

6 TYPES OF ARCHITECTURE LINKED 
TO THE WINE GROWING

In order to analyze the architecture linked with 
the wine growing, it is a very important to know 
how the daily life in a rural society was for last cen-
turies, so we can interpret their key elements and 
appreciate this simple but valuable heritage.

Knowing the values and the functionality of 
these buildings will show us the way to analyze the 
different typologies of this kind of architecture. The 
review must be practiced as something dynamic and 
living, understanding the results as a product of the 
inhabitants• lifestyle adapting to the environment.

In this work we will analyze only the buildings 
located very closely to the crop and directly linked 

to it. Future reviews will focus on the town center, 
where we can find wine cellars, wine caves and win-
eries, all buildings directly ascribed to winemaking, 
with different sizes depending on the amount of 
production and the period of construction.

The architecture of the buildings that are very 
close to cultivated land shows us a variety of shapes, 
sizes and compositions. They were used, mainly, as 
shelter for day laborers, who could not return home 
during the day work; or for offering food and rest 
to livestock; or as a store for tools and machinery 
used while working on the wine fields. There are 
only a few examples of buildings that also have a 
space for winemaking, because these activities were 
usually performed in buildings located in the town.

6.1 Cabins or shelters, Casillas

The following conclusions are extracted from the 
research made in Caudete municipality on the 
analysis of 50 cases.

Figure 3. Map of the spots in municipality of Caudete 
de las Fuentes, made by Juan Piqueras.

Figure 4. Image of the construction related to the wine 
(Giménez).
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The most important factor taken into account to 
allocate the buildings was the easy access to the work-
ers. The builders did not consider the appearance as 
an important characteristic to allocate their shelters. 
They preferred to use the sites very well protected by 
greenery or partially buried into the land. If this was 
not possible due to the terrain shape, cabins were 
raised entirely on the ground and, in fact, this is the 
case for most of the examples analyzed here.

This is the example of the simplest construction 
that has been found in the area. It consists of small 
rooms about the same size, with an area of about 
20 m2. Their lid varies very little and the most com-
mon technique is the use of pitched roofs.

The constructions are very simple, built with 
materials found by the area nearby. The owners 
were the ones who built them, with their own hands 
and knowledge, which made the constructions sim-
ple in nature but at the same time fully functional.

They usually have a single room, so the animals 
and men share the same roof, and even the cribs 
for mules, with rings to ensure they will not move, 
can be found there. They also have a chimney or 
fireplace, to warm up the space during the cold 
season, very characteristic of the region and when 
most of the field work is performed. The construc-
tions also have banks or benches which eventually 
allowed people to sit down and relax by the fire. In 
some cases, not very often, though, the surface of 
the building could be extended to cover livestock 
needs. Sometimes, also such enlargements, as in 
our case, were roofed to serve as places to store the 
machinery commonly used in the field work.

The walls of the constructions were made 
of masonry stone in a more or less regular way, 
depending on the case, with gaps filled with mortar 
and with an open single span that had the function 
of front door.

The spans were covered by a lintel that was com-
posed of tied logs of wood that made it look as a sin-
gle element. The coverings were made of wooden logs 
supported in the bearing walls on which there was a 
surface made of reeds, on top of which there was a 
layer of soil and, finally, a coverage of Arabic tiles.

There are a few examples in the town with char-
acteristics that differ from those of the previous 
example. These differences are more evident as 
we get closer to the boundaries with Utiel region, 
especially in size, as the constructions get larger 
and have different composition of the inner space, 
divided for livestock, mule and humans.

Below, the different types that have been ana-
lyzed are shown. In order to make the differentia-
tion between them, the covering was chosen as the 
reference point, being the only element that can 
highlight their differences (Fig. 8).

It is a common practice in the region that the 
continued expansion of these original surface 

Figure 5. Planimetry. Aerial plant (Giménez).

Figure 6. Types of cabins depending on your deck 
(Giménez).

constructions made them suitable a resting place for 
the weekends. However, none of the cases analyzed 
in the region of Caudete de las Fuentes is the exam-
ple of such transformation, but rather the opposite, 
being in many cases abandoned and, consequently, 
in ruins. Only those where some maintenance work 
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has been done (even when minor) have survived. It 
is worth noting that a minimal maintenance would 
ensure endurance of this type of constructions.

7 CONCLUSION

The type of rural architecture studied in the present 
research is characterized by the use of simple 
constructions systems. The functional character 
encompasses all perspectives of the buildings, while 
the construction keeps being as simple as possible, 
being created without skilled labour. The construc-
tion techniques are based on basic materials: stone, 
wood, lime and clay. Walk through the buildings is 
very easy and accessible and this facilitates the con-
struction. The reason why such buildings were less 
durable is not their simplicity of construction, but 
men abandon that provoked such constructions to 
get into ruins or made them simply disappear.

NOTE

This paper is part of the research •Rural wine Archi-
tecture. The of Case Caudete de las Fuentes.Ž
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ABSTRACT: Vernacular architecture has outstanding examples on the adoption of strategies for the 
improvement of structural building performance and construction systems, but also on the application of 
reinforcement measures. Special cases that combine local building culture, with structural poor materials 
and a history of low-medium regular seismic activity are suitable case studies that can provide interest-
ing seismic-resistant strategies within the above-mentioned concept. This paper addresses Melides case 
study, located in the Southwest Coast of Portugal. The research is developed under the framework of the 
FCT project •SEISMIC-V: Vernacular Seismic Culture in Portugal•, which consists on identifying seismic 
resistant strategies and elements that can be recognised in Portuguese vernacular heritage. Even, if  some 
of the identified case studies have no longer active building cultures, the overall study of their legacy dem-
onstrates a wide range of approaches, rich in solutions of prevention and/or reaction approach.

presents a constructive culture based on the rein-
forcement of the constructive systems. As a reaction 
to the impact of earthquakes, the population devel-
oped reactive responses, through structural reinforce-
ment features, applied in the inhabitants• houses.

1 INTRODUCTION

Vernacular architecture by its intrinsic nature has 
relevant examples, regarding the adoption of strat-
egies to improve building performance, when fac-
ing earthquake occurrences. However, very little 
research has been clearly directed to identify local 
seismic culture in vernacular heritage. This gap in 
knowledge made the research team address a con-
sistent research throughout Portugal. As a result, six 
regions were selected to study, where local seismic 
culture in vernacular heritage could be acknowl-
edge. These regions were located in the south of 
continental Portugal, and in Azores islands. Spe-
cific case studies that met the criteria for selection 
were identified and are under greater study.

The present research was developed in the frame-
work of the project •SEISMIC-V: Vernacular Seis-
mic Culture in Portugal•, funded by FCT„National 
Portuguese Foundation for Science and Technology. 
The research Centre CI-ESG, at Escola Superior 
Gallaecia, coordinates the research project, with 
the partnership of the Engineering Departments 
of the University of Aveiro and the University of 
Minho. The project consists on identifying the seis-
mic resistant strategies and elements that can be 
acknowledged in the national vernacular heritage.

Although part of the identified case studies 
revealed a non-active building culture, the overall 
study of its legacy demonstrated a wide range of 
solutions with a preventive and/or reactive approach. 
One of the identified case studies is Melides, due to 
historical and recurrent seismic activity. Melides 

Figure 1. Map of Portugal with location of Melides 
case study and with reference, in the south of the coun-
try, to the regions prone to seismic occurrence (Credits: 
CI-ESG, 2014).
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2 LITERATURE REVIEW

Portugal is considered a country with a moder-
ate seismic risk, if  compared with Italy, a coun-
try considered of high risk (Correia & Merten, 
2001). The most significance earthquakes in recent 
history occurred in 1755, 1909, 1969 and 1980 
(LNEC, 1986) in continental Portugal. The fact 
is that earthquakes are susceptible to occur and 
to kill persons through the destruction of the in-
use vernacular architecture. The present research 
is therefore relevant, so as to save lives through risk 
prevention mitigation (Correia et al., 2013).

In Portugal, most of the research in seismic resist-
ance heritage has been focused in Pombalino con-
struction (Lopes dos Santos, 1995), architectural and 
monumental heritage (GECoRPA, 2000), but also 
urban housing (LNEC, 1982). Very little has been 
focused on the identification and the study of local 
seismic culture in Portugal (Correia et al., 2013).

This gap in knowledge can be addressed through 
the identification of seismic resistant features in 
Portuguese vernacular architecture and the meth-
odological tracing of a Portuguese Vernacular 
Seismic Culture. Ferrigni (1990) was the first to 
acknowledge the existence of local seismic culture, 
followed by other authors that addressed the study 
in areas prone to high seismicity (Garnier et al., 
2011). In Portugal, this study was preliminary 
researched through Taversism project, a European 
research project where Italy, France and Portugal 
were selected as case studies (Correia & Merten, 
2001). The present research intends to address this 
research problem in a comprehensive way.

3 RESEARCH METHODOLOGY

The research methodology contributed for a sys-
tematic and consistent approach, collecting data 
and analysing it. The research started by the iden-
tification of data sources based on the selection 
of the earthquake date, the epicentre location and 
the damage assessment; followed by a collection of 
data from reliable archive sources. After, the revi-
sion of the historical and the local literature data 
was addressed. Regions to study with a possible 
existence of local seismic culture were then selected 
with rigorous criteria. The identification of the case 
studies was the next step. This was followed by sev-
eral field missions to collect data from the identified 
case studies, addressing quantitative comparative 
analyses of material, structural solutions, building 
configurations, dimensions, and non-destructive 
tests performed in situ. Then, quantitative and 
qualitative data were analysed. To conclude, all the 
analysed data will be correlated to produce relevant 
findings that will respond to the gap in knowledge.

4 LOCATION OF VULNERABLE AREAS

The identification of Portuguese critical areas, 
vulnerable to earthquakes is also based on the his-
torical mapping of seismic intensities derived from 
the earthquake events that occur during the last 
centuries. It is then possible to verify that the most 
vulnerable regions are located in the south littoral 
coastal areas. It is also possible to acknowledge 
that earthquake intensity declines from the coast 
to the interior of the continental territory, as epi-
centres are generally located at sea. The exception 
is Benavente area, due to the 1909 earthquake.

When searching for historical records regarding 
vernacular architecture damage, it is only possi-
ble to identify general descriptions of the village•s 
destruction in local municipal archives, parochial 
memories and news from local newspapers.

However, in rural areas, dwellings arise isolated 
and dispersed. In these cases, data about these build-
ings is not found consistently in historical archives.

In numerous cases, vernacular heritage that met 
the criteria for selection was found in a critical situ-
ation. Several of the vernacular isolated dwellings 
in Melides, identified with local seismic culture were 
abandoned, were in ruins or had severe pathologies.

5 SEISMIC OCCURRENCES ASSESSMENT

Even though, the seismicity activity in Portugal is 
considered medium intensity, major earthquakes 
have occurred through recent history, as previously 
mentioned.

In the overall national risk, Melides, as well as a 
large part of the Alentejo Coast, are situated in a 
intensity zone of X on the Mercalli Scale (analyses 
based on the letter of isoseismic lines of maximum 
intensity IM, 1988). Melides was affected during 
the 18th and 19th centuries by two earthquakes„in 
1755 and in 1858 - both times with intensities of IX 
in Mercalli scale (MCS). This means strong earth-
quakes with severe damage.

In fact, the 1858 earthquake was quite destruc-
tive in the region, with most buildings being left in 
ruins. The fact is that communities want to improve 
their dwellings to seismic retrofit their houses, but 
are often frustrated by the lack of resources. Usu-
ally, the poorest families keep the inherent weaker 
building techniques of fragile construction materi-
als and try to use accurate solutions to reinforce the 
buildings against earthquakes. With the passage of 
the years, reinforcement features are not renovated 
or maintained, if  earthquakes are not recurrent.

Fifty years after 1858 earthquake, Melides was 
fairly battered by seismic events: in 1903, an earth-
quake hit the region with an intensity of VII MCS. 
Some year•s later, repeated small quakes happened, 
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as is the case of 1909, 1911 and 1926 - these last three 
with an intensity of V MCS. In 1966, Melides had an 
earthquake of intensity VI MCS and in 1969, another 
event of higher significance: intensity VII MCS.

The 20th century earthquake events hitting the 
coast of Alentejo caused minor to medium damage 
to the building stock, but generated fear, among 
the population. These frequent seismic events, with 
intensity varying between V to VII MCS had an 
impact on the population. This led to a more recur-
rent memory of the damage that had occurred in 
the past and that could strike in the future. This was 
probably the period that seismic resistant reinforce-
ment elements, were applied. At least 12 buildings 
with several seismic resistant features were identi-
fied in the region by the research team. The identi-
fied buildings had no more than 100 to 150 years.

6 DWELLINGS ANALYSIS

In this period there was a noticeable increase of 
reinforcing elements in a large number of existing 
buildings. New solutions for structural reinforce-
ment were introduced, such as tie-rods, buttresses, 
thickening of the foundation-wall, reinforcement 
of internal walls and of the building material.

The reinforcement solutions, the typology, the 
materials and the construction techniques follow-
ing are based on the survey and analysis, of the 
dwellings that were identified during the field mis-
sions to the Region of Melides.

6.1 Dwellings morphology

The housing type identified in the region of Melides 
is based on a simple dwelling of rectangular shape 
composed mostly by a single floor.

Morphologically, the building•s volume has a 
horizontal tendency featuring straight lines and 
massive forms.

The main façade has a limited number of open-
ings, usually a single door with embedded wicket 
or a door and a small window.

The chimney volume is emphasized on the main 
facade, due to its dimensions (Fig. 3). The build-
ings have usually a white wash, to reflect sunlight.

6.2 Materials and constructive systems

In what concerns the materials and the building 
techniques, usually exterior walls were built in 
rammed earth. But fired brick masonry and stone 
masonry walls were also common, as were lime and 
earth for the mortars and plasters. Wood on the 
roof structure, and a tiled roof was also usual.

Rammed earth walls had a sandy composition 
with little clay. The mixture was also composed by 
small pieces of tile, brick and ceramic„aggregates 
that reinforced the consolidation of the rammed 
earth structure.

Regarding the house construction system, in 
general, the exterior walls had 0.40 m to 0.55 m, 
whereas the inner walls, in adobe or in wattle and 
daub made of reed, had 0.07 m to 0.30 m. Some-
times, houses had exterior walls combining a mixed 
system of stone masonry and rammed earth.

6.3 Seismic-resistant features

The seismic resistant features that were the most used 
in Melides region, concerned the use of at least 2 to 
3 buttresses on the same sides of dwelling; the appli-
cation of tie-rods in the interior walls; and of four 
stretchers around the four exterior walls; but also 
a foundation-wall reinforcement. Associated with 
the façade, a stone bench rest was also commonly 
applied, which could also serve to strength the wall.

When analysing closer the building systems, it 
was perceived that all the buttresses were added 
into the wall, as they were built against the lime 
plaster; the same happened with some of the foun-
dation walls reinforcement and the stone benches. 
In what concerns the tie-rods in iron, some can 
be observed has being elements of reinforcement, 
introduced in a later phase. Evidence emerges that 
these tie-rods were introduced later, as they were 
tied to the face of the exterior walls. All of these 
are clearly elements of reactive approach.

However, it was also observed in these dwellings, 
the existence of several tie beams that were inte-
grated during the construction of the houses, as well 
as some of the reinforcement foundation walls. In 
these cases, features are clearly of preventive action.

The use of an ensemble of seismic resistant fea-
tures in vernacular architecture, sometimes applied 
even in an intrusive way reveals the relevancy of 
the reactive action for local populations.

When just one or two of these elements were 
applied in an isolated way, they could not be 
related with seismic prevention or reaction. How-
ever, if  three to four of these reinforcing elements 

Table 1. The most important earthquake occurrences in 
Melides (LNEC, 1986).

Year
Mercalli Scale
Intensity (MCS)

1755 IX
1858 IX
1903 VII
1909 V
1911 V
1926 V
1966 VI
1969 VII
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were identified consistently in a dwelling, than 
the population applied them, as a reaction to the 
earthquake impact. If  more than 5 buildings were 
found with a pro-active approach, then local build-
ing culture was identified in the region.

7 CONCLUSIONS

Melides emerges as a relevant case study to address, 
due to the large number of buildings with struc-
tural reinforcement elements; moreover, due to the 
fact that Melides is located in a region considered 
of high seismic risk zone, due the large number of 
seismic events, constant throughout the 20th cen-
tury seismic activity records. Therefore, Melides 
represents an example of a reactive approach case 
against seismic occurrence.

Most of the dwellings that were identified in 
Melides of having seismic-resistant features are no 
long inhabited. The vernacular houses that were 
still in-use in the region had the seismic resistant 
elements dismantled, as their use was no longer 
perceived. The fact is that the last earthquake that 

hit the region was from 1969. If  earthquakes are 
not of recurrent occurrence, then population has 
a tendency to not renovate or maintain systemati-
cally seismic-resistant features.

Melides was considered not suitable for in-situ 
testing, due to the advance state of degradation of 
the identified buildings. For correct testing, a sam-
ple of representative buildings, in a reasonable struc-
tural condition and still in use would be preferable. 
However, Melides will be referred to on the findings 
of the project, as a region, where the vernacular 
seismic culture existed, but is no longer active.

8 NOTE

This work is funded by National Funds through 
FCT„Foundation for Science and Technology in 
the framework of the PTDC/ATP-AQI/3934/2012 
project: •SEISMIC-V: Vernacular Seismic Culture 
in PortugalŽ.
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ABSTRACT: With the awareness that nowadays architecture faces new challenges, particularly the need 
of integrated and inclusive answers to the socio-cultural and environmental context, it is the objective 
of this research to develop the knowledge about undocumented exemplars of vernacular architecture 
in Portugal. Vernacular architecture is a significant information source about experimental evolution of 
ancient wisdom. The buildings studied in this research, by their isolation from network infrastructures 
are challenging examples for contemporary solutions aimed at self-sufficiency and sustainability. Recog-
nizing the impact of the architectural design on lifestyles and in the environment and understanding the 
purposes that conducted to this type of building, this work aims at stimulating strategic thinking that 
connects architecture, landscape and man, seeking alternative and innovative solutions for a more sustain-
able architecture.

(in a social, environmental and economic sense) that 
simultaneously respects the identity and values of 
the community.

Believing that •the value of History is the one 
that teaches us something about the futureŽ (Jack-
son, 1984) this paper intends to disclose vernacular 
strategies of adaptation to the natural environment 
that are identified in these farmsteads, that may 
have a contemporary reinterpretation.

2 METHODOLOGY

The research methodology included mapping, met-
ric, graphic and photographic survey of case stud-
ies; on site thermal monitoring and semi-structured 
interviews to the buildings• owners and occupants.

Mapping was based essentially in direct obser-
vation after recognition in military cartography 
and was complemented with information collected 
from local population.

Objective evaluations aimed at spatial and con-
struction description and physical parameters 
characterization, thermal or dimensional, through 
survey and mapping of case studies.

Thermal monitoring was conducted in 9 dwell-
ings and only 2 of which were inhabited. The 
assessments were made during the two climatic 
seasons„cooling (summer) and heating (winter). 
The temperature and humidity registration was 
conducted with Klimalogg Pro TFA sensors at 
intervals of 15 minutes and periods of 15 days.

Given the advanced decay, most of the case stud-
ies were not inhabited. The morphologic diversity 
was determinant, since none of the cases presented 

1 INTRODUCTION

Analysing the Survey about Popular Architecture 
in Portugal, developed in 1955, Pereira (1988) con-
cluded it was •the last moment to register a world 
about to disappearŽ. Nevertheless less usual types 
remained unstudied and are today menaced by 
oblivion.

This paper presents the partial results of a project 
(Gonçalves, 2014) that studied some of those excep-
tional elements, the farms in the north-eastern 
region of Portugal (Terra Fria do Nordeste Trans-
montano), characterized by dispersion in a territory 
commonly associated to concentrated settlements. 
By their isolation from network infrastructures, 
these examples are a challenge for contemporary 
solutions aimed at self-sufficiency, since they are 
above all dependent from the surrounding resources. 
In this research we developed a survey and the map-
ping of some case studies, focused in the influence 
of the life-styles and in the suitable strategies for the 
environment. This led us to a typological analysis of 
both spatial organization and building elements.

It was intended to stimulate, through a critical 
reading of this heritage, a strategic thinking that 
relates architecture, man and landscape. The opti-
mized relationship between these three factors, 
found in vernacular architecture, has been aban-
doned, being re-placed by less sustainable build-
ing types. The awareness that resources, and also 
the territory, are not unlimited resources suggests a 
shift in building paradigms. The answers for a more 
sustainable architecture could be found in a thor-
ough look to the past, seeking alternative and inno-
vative solutions for a more sustainable architecture 
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globally all the environmental adaptation strategies 
identified previously (Vaz, Ferreira, Luso, & Fern-
andes, 2013).

Despite this diversity some common features 
were evident, allowing identifying an architectural 
•typeŽ that •already existed as an answer to a com-
plex of ideological demands or practices related to 
a given situationŽ (Argan, 2008).

Although 16 farms were analysed, this paper will 
only present the average results, on a hypothesis 
generation process, identifying the most relevant 
critical aspects of this architectural type.

3 FARMS IN THE TERRA FRIA DO 
NORDESTE TRANSMONTANO

3.1 The town

The mapping process aimed to analyse the relation 
between the house and the territory, understand-
ing what led to its development. It was found that 
the farm is not an isolated architectural object but 
a complex relations network among domestic, land 
and community, in a generator system of landscape.

Although the dispersion and isolation it was pos-
sible to verify a higher concentration of those farms 
within a radius of 5 Km from the town centre. The 
inventory •Farms in the surroundings of BragançaŽ 
from the mid 30•s (Alves, 1938) refers about 110 
farms, but nowadays it was only possible to identify 
nearly 60, since meanwhile many disappeared.

We find a strong bond along the water lines and 
a higher density in the valleys of the rivers Fervença 
and Sabor (Fig. 1). These farms settlement sought 
for irrigated land, essential to agriculture and there-
after to the economic viability of these units.

The buildings are usually in the slopes oriented 
South or West, leaving vacant the valleys more fertile 
and suitable for agriculture, and taking advantage 
of solar exposure, as in Casa da Pintora. In other 
cases, settlements are plateau areas, being protected 
by the slope from prevailing winds and maximizing 
solar exposure, such as in Quinta do Ferro.

Landscape as the environment transformation 
also manifests itself  in how the geological support 
is appropriate to the needs, the type of crops and 
vegetation, but also in the stone quarries and clay 
pits, providing the raw material for subsequent 
transformation procedures.

In addition to the manipulation of topography, 
vegetation and water in order to obtain the greatest 
advantage from the natural environmental, in a clear 
vernacular attitude, there was a strong relationship 
of these farms with the political landscape. The rec-
ognition of a political landscape process„the town 
agglomeration or the communication ways with 
the exterior„and the need (or opportunity) has an 

impact in the farms• settlement: daily access to the 
market was the reason of their existence, in a sym-
biotic relationship with the town (Fig. 2).

Half-way to the city and surrounding villages, 
the farms disposed of a larger access of skilled 
labour for agricultural campaigns. The cluster-
ing and close proximity created a local economy 
(Ohlin, 1933) that allowed a decrease on average 
production costs by sharing common inputs: rural 
roads, watermills or winepress, for instance. The 
close proximity still allowed the workers• mobility 
between farms and the services delivery. This com-
munity share promoted the informal knowledge 
exchange and contributed to maintain the tradi-
tional processes until mid-20th century.

Farms in this region arise thus from two overlap-
ping layers, political and vernacular, set in a famil-
iar subsistence agriculture and in the proximity to 
the city, that ensures connection of man to society.

3.2 The parcel

The farm also relates with territory in a domestic 
scale, by the close proximity to the water source, 
the grove or the stockyard (Fig. 3).

More than a unit it created a parcel aggregating 
sys-tem. This vernacular landscape was character-
ized by utilitarian usage of the environment, the 
heterogeneity of uses and the contempt for formal 
space (Jackson, 1984) that could be translated in a 
large blurring of bounds. The farm was composed 
by the irregular, informal and discontinuous overlap 
of parcels. The lack of defined boundaries enabled 
its extension according to the needs and possibili-
ties, since the complementarily and multiplicity, in 
a functional and productive perspective, were more 
important than a great extension of land.

The relationship between the family size, the 
total land area and the income was clear: the Quinta 
de São Lázaro, were 2 people worked permanently, 
occupied less than 5ha; Quinta de Campelo, with 
more than 200ha, had more than 15 people work-
ing there. However these are only examples and it 
was not possible to establish a quantitative relation 
among the average area and workforce.

With the profit, family and land increase other 
buildings were added to the farm, for dwelling, pro-
duction, storage or community needs. Besides ovens, 
stables and barns, the farm often included wine cel-
lars, watermills, dovecotes or chapels, even though 
this was not an essential condition„the co-operation 
among neighbouring farms set forth the significance 
of complementarily in a wise resource management.

Despite the formal heterogeneity, this farm type 
has in common the close proximity to the town and 
adaptation to environmental factors„dominant 
winds and solar exposition, topography or water-
courses; the presence of at least one vegetable 
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Figure 1. (Left) Mapping of the farms according to vernacular landscape (waterlines and topography) (J. 
Gonçalves).
Figure 2. (Right) Mapping of the farms around Bragança according to political landscape (roads, railways and mar-
kets) (J. Gonçalves).

Figure 3. Quinta de São Lázaro, territorial section: close proximity to the water source, the grove or the kitchen 
garden (J. Gonçalves).

garden for self-consumption and local market sup-
ply; the existence of pastures and the agricultural 
production diversity. The multiplicity of cultures 
and facilities ensured that the farm took from the 
territory everything absolutely necessary for the self-
sufficiency of the community that it supported.

3.3 The house

These farms have in common the same landscape 
attitude; sharing ways of doing, living and the 
dwelling was the mediator between man and nature, 
being thus possible to join them in the same cultural 
type (Croizé, Frey, & Pinon, 1991). However there 
are different types of unities that can be achieved 
by different formal solutions (Fernandes, 1996).

In terms of design it was possible distinguish two 
basic configurations: square or rectangular, each one 
associated to different land occupations (Fig. 4). The 
houses with square plan are usually related to low 
income farms, smaller and with difficult access due 
to the topographical conditions. This morphology 

was characterized by a simplified spatial layout, with 
all the programmatic functions into a single two-
storey building, half-buried up to the first floor. The 
ground floor was usually occupied by agricultural 
functions while the dwelling was on the top floor. 
There are not vertical connections, either outside 
and inside, between floors and the access is made in 
different levels and façades, as in Casa da Pintora. 
Generally this morphology had no balconies.

The rectangular plan houses are normally in 
bigger estates, with increased profit, where the 
ownership allowed continued expansion. There 
was always an adjustment to topography but this 
morphology is more often found in plateaus or 
slight slope hills. In these cases the top floor was 
also primarily occupied as dwelling but the access 
between floors was made by the exterior stone stair, 
which was part of the main facade, as in Quinta de 
Britelo. Often the stair connected to a balcony, yet 
this was not an essential element.

Although it was possible to identify these basic 
morphologies some cases are hardly classified, 
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such as Quinta de Vale de Flores (Fig. 4). This 
story house has an irregular layout that expresses 
the prevalence of pragmatic requirements and the 
evolution needs over time.

The house is a shifting, amorphous and spon-
taneous entity, built, maintained and rebuilt in a 
continuous way by its inhabitants. Without distinc-
tion between the builder and the inhabitant, in a 
process where everybody collaborated in periods 
with lower agricultural tasks, the construction ways 
were perpetuated since they were the only ones 
known„passed down between generations„but 
mainly because they were the ones that used the 
onsite existing resources, from stone to clay, dem-
onstrating that the farm was also self-sufficient in 
terms of construction materials.

The outer and inner space formal variety and 
uncertainty resulted from adaptation to the imme-
diate physical context: a more or less pronounced 
slope, the solar, geology of the settlement place 
or the prevailing winds determinate the type of 
transition strategy, the height and the level of the 
underground floors in the wine cellars or even the 
number of openings in each front.

The recognition of morphological and functional 
diversity of case studies allows to clarify that the 
type is not derived from a imposed formal model 
but demonstrates ways to overcome the daily needs, 
in relation with programmatic and environmental 
requirements, contributing to the understanding 
of the ways of live in these farms, where pragmatic 
and production requirements always overlapped 
the aesthetics and occupants• comfort needs.

3.4 The construction

Although the observed morphological diversity, it was 
possible to identify and quantitatively analyze some 
common features, which were subject to in-situ moni-
toring both in summer and winter. It was observed 
that the building•s settlement, taking advantage from 
the ground slope to build underground floors, allows 
having a positive contribution from the thermal iner-
tia point of view and to protect the building from the 
weather conditions. The location in the underground 
areas of functions associated with food preservation, 
e.g. storage and wine cellars, taking advantage from 
the constant humidity and temperature values, with 
average amplitudes of 1.6°C and relative humidity 
around 76%. During the summer, these spaces pre-
sented the cooler temperatures of the interior spaces, 
and during winter temperatures more comfortable 
than other non-heated spaces.

The attached greenhouse proved to be an effective 
strategy to provide heat gains for the indoor envi-
ronment, which may not always be beneficial for the 
building•s thermal performance. In Quinta do Mar-
rão the balcony closure was made in very rudimen-

tary way and even though it performs the desired 
greenhouse effect, the absence of occlusion devices 
during the summer and the excessive ventilation dur-
ing winter did not allow optimizing heat gains. The 
adjacent bedroom reached excessively high tempera-
tures during the summer, which explains the fact that 
the last inhabitant used the underground as a pre-
ferred room to sleep during the hot season.

The evaporative cooling provided by the water 
tank at Quinta do Cano, associated with the use of 
vegetation for shading, made the courtyard space 
more comfortable during the hot and dry summer 
days (Fig. 5). With lower fluctuations and lower 
maximum temperatures, this became an ideal place 
for social gatherings and leisure time.

The kitchen of Quinta de Campelo clearly 
reflects why this space used to be the house•s hearth, 
since during the winter showed the highest temper-
atures, despite the great temperature fluctuations 
caused by the accentuated air circulation. In this 
space, data obtained from the in-situ measurements 
clearly express the occupant•s lifestyles (Fig. 6).

Every farmhouse had in common oriented tran-
sition spaces: patios, porches, balconies or vegeta-
tion for shading. The balcony is the most common 
solution in this region, but the analysis of case 
studies revealed that it was not an essential element 
to define the type, as can be seen in Quinta de Vale 
das Flores where in the place usually occupied by a 
balcony there is a blind wall protecting the dwelling 
from the prevailing winds. Regardless the transi-
tion strategy applied, these spaces are effective tem-
perature at-attenuators between the indoor and the 
outdoor environment and present steadier thermal 
performances. Thus, these spaces were recreational 
areas and points of visual relationship with the 
exterior, but were also associated with household 
tasks such as drying cereals, fruits or herbs.

Although there was low thermal insulation and 
high ventilation rates for most external building 
elements and indoor spaces, respectively, all moni-
tored cases showed steady temperature profiles in 
the indoor spaces, especially if  compared to the 
outdoor oscillations. The main feature that con-
tributes for these results is the use of thick schist 
walls, that due to the high thermal mass, retain 
heat and release it during the coldest period of the 
day, as found by the analysis of the delays between 
the peak outside temperature and the peak indoor 
temperature that is on average higher than 2 hours. 
Nevertheless, temperatures remained below the lev-
els of comfort during the winter, since most cases 
are not inhabited nor in good state of preservation. 
However, and despite the region•s hot temperatures 
during the summer most analysed indoor spaces 
have hydrothermal parameters within the comfort 
parameters without the need for active cooling sys-
tems (Gonçalves et al., 2013).
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4 CONCLUSIONS

Systematizing some answers to everyday issues in 
adaptation to the physical and socio-cultural envi-
ronment found in this type of architecture, it is 
possible to retain from the first step„the Town„
the landscape as a result from the balance between 
territory and society: if  the adaptation to physical 
environment is an intrinsic characteristic of ver-
nacular architecture, the symbiotic relationship 
between the town and the farm is an exception of 
this type. From the second stage„the Parcel„it is 
possible to retain the importance of multiplicity as 
a crucial condition to the self-sufficiency of these 
structures as communities. From the analysis of the 
third stage„the House„it is possible to highlight 
the flexibility of this architecture, open and evolv-
ing, answering directly to the needs and enabling 
endless appropriations, in a participatory process 
in which all occupants took part. Finally, in the 
fourth stage„the Construction„it was verified a 
tendency for the permanence of traditional build-
ing materials, processes and building elements, 
mostly based in the materials found in the Parcel.

It was verified that these farms represent the 
identity of a community, with common traits that 
reflect shared building ways, time conceptions and 
ways of life. This Heritage •includes necessary 
changes and continuous adaptationŽ (ICOMOS, 
1999), as seen at the Parcel, with undefined bound-
aries, but also in the House, subject to continu-
ous processes of reconstruction. The protection 
of this heritage through stagnation in anachro-
nistic projects reveals lack of knowledge of its 

significance and contributes to its disappearance 
by not answering to new occupants• requirements.

These structures are disappearing essentially 
because of political reasons, with the loss of com-
petitiveness of small scale agriculture in global mar-
kets and the abandonment of the idea of community 
in favour of individualism. Its reactivation depends 
primarily on a change of mindset, which allows tak-
ing advantage from the opportunities of the place 
in integrated strategies, reinterpreting the system of 
relationships identified in this survey. The network 
cooperation, sharing of common inputs and the 
creation of new market dynamics, stimulating local 
lifestyles, provide an answer to the problems raised 
by Kunstler (2004)„•The era of Caesar salad that 
travels three thousand miles is coming to endŽ.

The study of the lifestyles, intrinsic to all ana-
lysed scales, showed that •the building itself  is only 
part of the process of sustainable constructionŽ 
(Mateus, 2009). During their long period of activ-
ity, these farms were sustainable since as defined 
by the WCED (1987), they satisfy the needs of the 
moment, within the limits of the farm itself, with-
out compromising the needs of future generations. 
This approach allowed valuing not only the build-
ing but different manmade structures and infra-
structure (from rural roads to the manipulation of 
water), the rational use of natural resources, wise 
land management and particularly the lifestyles 
that allowed the continuing process.

From the construction point of view, although 
recognizing that needs have changed and that the 
comfort requirements are higher today, in-situ mon-
itoring showed that the used design strategies and 

Figure 4. Casa da Pintora„square morphology; Quinta do Ferro„rectangular morphology; Balcony in Quinta de 
Britelo and Quinta de Vale das Flores„irregular morphology (J. Gonçalves).

Figure 5. (Left) Quinta do Cano thermal monitoring„average summer day (J. Gonçalves).
Figure 6. (Right) Quinta de Campelo thermal monitoring„average winter day (J. Gonçalves).
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building elements are suitable for the climatic con-
text: good hydrothermal behaviour during the hot 
season and stable performance during the cold sea-
son which, although requiring complementary use 
of active heating systems, would deliver comfort-
able temperatures with reduced energy consump-
tion. In addition, these type of buildings show the 
benefits from the use of some adaptation strategies 
to the environment, such as: earth and evaporative 
cooling or transition oriented spaces, offering new 
opportunities to contemporary architecture.

By its isolation from the network infrastructures, 
which may have contributed to the abandonment 
of this type architecture, it became an particularly 
relevant case study for contemporary interventions 
aimed at optimizing the resources consumed by the 
artificial environment. Nevertheless, it is necessary 
to study the weaknesses of the vernacular design 
principles in order to understand how they can be 
updated in order to be adapted to up-to-date user•s 
requirements. The contemporary reinterpretation 
of this vernacular type of buildings can be the basis 
to develop outstanding building concepts as ZEB 
(zero energy buildings) or WeFi buildings (water, 
energy and food almost independent buildings).
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Ancient techniques, new architecture
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M.C. Lazzarini
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ABSTRACT: The city of Santa Fe was first founded in 1573 and it was inhabited until the decade of 
1660, when it was relocated 78 km south, where it currently stands. Although the whole city was moved, 
the urban and technological characteristics were exactly the same as those of the original settlement. 
Among the remains of that first settlement, low parts of walls and foundations built with tapia (rammed 
earth technique) can be found. The new city of Santa Fe also preserves its earthen architectural heritage, 
such as Convento de San Francisco (monastery), Casa de los Aldao (private residence) and Casa de los 
Diez de Andino (private residence). In Santa Rosa de Calchines, a town located between the former city of 
Santa Fe and the current one, a programme is being carried out with the purpose of recovering the ancient 
knowledge that resulted from the merge of aboriginal and European cultures. This project involves train-
ing, building, recovering, and teaching; and it also requires the joint effort of the community, the govern-
ment, and the university.

1.1 The urban design of Santa Fe la Vieja is 
transferred to Santa Fe de la Vera Cruz

The relocation was decided in a town hall agree-
ment on April 12, 1651. It stated that the grid of 
the city had to be replicated in the new settlement:

... the city design, public square, streets, sites and 
areas from this city and its public land, all individu-
ally and accurately measured, will be taken to the 
position determined for this purpose, or to the one 
that seems most convenient; the new design will be 
traced and marked; the new founding will be stated; 
and the neighbours, after being ordered to do so, will 
move without impediment (town hall minutes 1657). 
It emphasized:...the measurement and demarcation 
will correspond to the current design of the city...

1.2 Materiality of buildings

The walls of the buildings in Santa Fe la Vieja were 
mainly made of rammed earth, a technique used 
at that time in Paraguay and even in regions where 
other materials, apart from earth, were also avail-
able. Tile roofs were also common.

In general, the walls were 60…80 cm thick in 
houses and 1.20 m thick in temples, this means: 
between 2/3 and 1 vara width for the former, and 
1 1/2 vara the latter. (Translator•s note. Spanish 
vara = 0,835905 m) (Fig. 1).

1 INTRODUCTION

The city of  Santa Fe was founded for the first time 
in 1573, after the colonizing motto of  •expanding 
horizonsŽ. The place, nowadays called Cayastá 
and proposed as a World Heritage Site, was inhab-
ited until 1660, when it was moved 78 km south, 
to its current location, which is the capital of  the 
province. This new settlement was more conven-
ient for economic, strategic and safety reasons, 
and it replicated the urban characteristics of  the 
first one (Santa Fe la vieja 1573…1660. Luis Maria 
Calvo).

In 1949, with the aim of  discovering its ori-
gins, archaeological excavations began to be 
carried out in an area of  Cayastá in an effort 
to find the place where Santa Fe was first 
founded.

When the relocation began, two settlements for 
the same city coexisted for some time: the first one, 
in the place chosen by its founder Juan de Garay; 
and the second one emerging where the Salado 
river and the Laguna Grande de los Saladillos con-
verged (Calvo, 1999).

In order to set them apart, the new city was 
named Santa Fe de la Vera Cruz, while the city 
being abandoned started to be called •the old siteŽ, 
then •the old city of Santa FeŽ and finally Santa 
Fe la Vieja (Old Santa Fe).
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In the beginning, the tapia francesa (wattle and 
daub technique) was used due to the readily avail-
able resources and to the urge for building shel-
ter for the emerging community. The use of this 
technique continued for a long time, though: for 
isolated solutions first, in rural areas later, and, 
nowadays, in the coastline area. Later on, the sta-
bility reached by the inhabitants made it necessary 
to develop a long-lasting system, capable of get-
ting the most out of the scarce materials available: 
the area did not provide any construction elements 
except for earth and wood from small forests. The 
use of common rammed earth became popular for 
the most important buildings, either for private 
residences or public buildings such as the Town 
Hall and temples.

Rammed earth walls were not always plastered: 
sometimes they were only whitewashed. However, it 
was necessary to use alternative methods to plaster 
walls since transporting lime from the limestone 
deposits was very expensive. In the 18th century, 
Father Paucke used, with very good results, a kind 
of plaster which mixed sand, earth, dried pow-
dered horse manure, and water. Another possibil-
ity by which high quality plaster could be obtained 
was using cow manure without any additives.

The necessary wood was obtained from small 
forests of native trees (algarrobos and espinillos) 
near the city. For the most important buildings, 
long thick palm tree logs were brought from dis-
tant places.

The only construction material used in the archi-
tecture of Santa Fe la Vieja, both for religious and 
civil buildings, was earth: the only one the place 
provided.

In the new location, Santa Fe de la Vera Cruz 
not only reproduced the urban design and location 
of emblematic buildings, but also the building•s 
materiality. That was the origin of several rammed 
earth constructions, some of which last to the 
present days. (Figs. 2, 3, and 4).

2 PROJECT HISTORY

Santa Rosa de Calchines is located between the 
original and the new settlement. In its beginnings, 
it was inhabited by the natives that gave the city its 
name: Calchines and Mocoretaes.

Figure 1. Remains of a house with rammed earth wall 
in Santa Fe la Vieja (Stock image Florian Paucke).

Figure 2. Casa de los Aldao, construction made of 
rammed earth, 1600. (Stock images Florian Paucke).

Figure 3. Casa de los Diez de Andino, made of rammed 
earth and other earth techniques, now Museo Histórico Pro-
vincial (history museum) (Stock images Florian Paucke).

Figure 4. Convento de San Francisco (Stock images 
Florian Paucke).
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The town is by the Provincial Route 1, which 
connects the old city with the new one. Emerged 
in 1616 from the many settlements of indigenous 
people, it was recognized as a town in 1861. Its rich 
history combines American ethnic elements with 
characteristics from the immigrants who arrived 
in the Litoral region during the late 19th century. 
Today, in the second decade of the 21st century, our 
challenge is to recognise and validate the cultural 
diversity that has lived on through time, attending 
especially to the outcome of the fusion of different 
ethnics and cultures (Kaufmann, 2000).

The current town´s management has set its aims 
at rescuing politics, culture, education, and tourism, 
and in this process has tried to connect the landmarks 
from Cayastá and Santa Fe. The administration 
has been working on the development of an urban 
design by the roadside. It consists of a walking path 
with different points of interest, such as a sports area, 
a botanical garden, a recreation area, and an audi-
torium. The walking path ends at •La RancheríaŽ 
(Figs. 5 and 6), a construction built with some of the 
techniques brought by the Spanish colonizers, and 
some others from the aborigines and creoles. Latin 
America is plenty of syncretisms. This project intends 
to highlight the value of this blend of know-how on 
earthen architecture resulting from the different con-
struction cultures of colonizers, aborigines, and the 
knowledge brought by the immigrants from all over 
the world between the end of the 19th century and 
the beginning of the 20th century. That is how new 
techniques and elements were incorporated to the 
initial wattle and daub technique and to the common 
rammed earth, for example, muddy vegetable fibres 
used by the aborigines, adobe and, more recently, the 
Compressed Earth Blocks (CEB), which were born 
here, in Latin America. Wastes mixed with earth and 
green roofs complete the technological scenario.
The building plan includes:

A local food restaurant, built of rammed earth 
and tile roof.

Four blocks of classrooms built of adobe, light 
earth, and poured earth. These classrooms will 
be used for teaching and training on aboriginal 
crafts techniques: pre-Columbian pottery, sheep•s 
wool spinning, weaving, tannery and leather goods 
manufacturing.

Area for traditional bakery, built using enchori-
zado (mixed technique, wood-earth), wattle and 
daub, and straw-thatched roof (local technology).

A block for a traditional toilet, built of Com-
pressed Earth Block (CEB) and green roof.

A block for composting toilet, built of wood 
and mud.

Permits for building with these techniques are 
being promoted as a necessary step towards the 
sustainability of this architectural approach. This 
project also includes the financing of a set of basic 

Figure 5. View of the premises of La Ranchería 
(González, Lazzarini).

Figure 6. View of the premises of La Ranchería 
(González, Lazzarini).

Figure 7. Participants of the workshops on earth tech-
niques plastering (González, Lazzarini).
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materials for those who cannot afford it (adobe, 
earth, etc.). The aim is not only to solve the hous-
ing problem focusing on the local architectural 
identity, but also to generate a built environment 
attractive for tourism.

2.1 Objectives

The main objective is:

… To assess the actual possibility of rescuing old 
building techniques of the region.

Secondary objectives are:

… To teach and train the inhabitants in earthen 
building techniques.

… To incorporate the current technology and regu-
lations to the old techniques.

… To promote a space for artistic and productive 
development where local history and popular 
knowledge can be recovered.

Figure 8. University students learning how to build and 
building a CEB wall (González, Lazzarini).

Figure 9. Construction of a rammed earth wall 
(Gonzalez-Lazzarini).

… To generate fair working conditions, sustainable 
work and to encourage the creativity of those 
benefited from these enterprises.

To include issues related to the history of the 
local architecture and consolidation as options for 
tourism.

… To collaborate with the educational system by 
allowing primary and secondary school students 
to visit the premises in order to get to know not 
only the archaeology but also the current cul-
tural rescue.

2.2 Methodology

Extension activities are carried out as researching-
practical activities. With this single action, it is pos-
sible to put into practice the proposal and to notice 
whether it is acceptable from a technical, social, 
and pedagogical point of view.

Taller el Hornero and Universidad Tecnológ-
ica Nacional„Santa Fe have contributed to this 
project by carrying out workshops and training 
activities. These activities are aimed at any person 
interested in these techniques, including artisans, 
skilled manual workers and future construction 
professionals, who do not usually have access to 
this kind of technology. •Buildings-schoolsŽ were 
erected following an interdisciplinary approach, 
where people learnt by building and using different 
technologies (Figs. 7, 8 and 9).

3 CONCLUSIONS

The project is currently being carried out under the 
same methodology. Different areas have been fin-
ished and are being used.

In Santa Rosa de Calchines, some buildings have 
been replicated using the same building techniques. 
It fulfils the aim of rescuing not only the architec-
tural features but also the popular knowledge.

This experience has caused a multiplier effect in 
neighbouring coastline towns, which have similar 
social, historical, cultural, and economic scenarios.
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Ensuring survival of vernacular buildings in rural towns (NSW)

S. Jackson-Stepowski
Stepowski Heritage Consultants, Sydney, Australia

ABSTRACT: Australian rural towns display many •shared• origins, more so displaying European influ-
ences but also derived from Asia. This merging of vernacular styles, set within the Australian cultural 
landscapes and adapted for diverse climatic conditions, are being recognised in heritage and thematic 
studies. Such historic building stock is the foundation for, not only cultural tourism, but also as a source 
of off-farm income which contribute to ensuring overall village sustainability. They also engender intan-
gible values and promote community pride. This paper will discuss the opportunities and threats to iden-
tifying and conserving a wide range of rural vernacular buildings of the 19 and 20th centuries, and how 
to encourage their maintenance and so their future survival.

Valley and start its legendary wine industry. Mean-
time, Silverton•s •moveable• buildings were relo-
cated to Broken Hill itself  and now form part of 
this old-time mining town that has re-invented 
itself  as a thriving artist•s colony, and tourist mag-
net based around some truly unique architecture 
and verandahs.

1 FROM FIRST FLEETERS TO FIRST-
TIME FARMERS

To To give some idea of just how diverse the ver-
nacular can be in rural Australia, it is useful to 
revisit the various patterns of settlement in a land 
first referred to as New Holland. When the First 
Fleet arrived in 1788, the newcomers were mostly 
from Britain and Ireland, but there were also 
African, American and French convicts, and oth-
ers transported due to their political views. In the 
years to 1850, no less than 162,000 convicts were 
consigned to penal colonies here in 806 ships. Few 
were farmers or had agrarian skills„there was no 
understanding of life on the land, let alone Aus-
tralia•s vastly different vegetation, soils, animals or 
climatic conditions. This problem comes vividly 
to life when visiting Experiment Farm cottage at 
Parramatta.

The early settlers came with European ideals, 
and this has been a prevailing influence in how 
they were built, and why. The legacy of what now 
remains is testament to their ingenuity, resilience, 
and often-fierce individuality„the many ways 
they had to cope with the unknowns of that sun-
burnt country and those rugged ranges, the disas-
ters of droughts and flooding rains. Throughout 
rural Australia, grass-root groups are beginning to 

The poem My Country (1904) by Dorothea McK-
ellar (1885…1968) sums up the links of landscape, 
geography and climate that underpin all considera-
tions of the vernacular when it comes to Australia, 
the world•s oldest continent: •I love a sun burnt 
country, a land of sweeping plains, Of rugged moun-
tain ranges, Of droughts and flooding rains•.

Australia is an age-old land of vast size, weath-
ered geography, and diverse climatic conditions. 
Within this context, vernacular architecture has 
evolved as a wide-ranging response to basic needs 
in a •nation of migrantsŽ, but also as expression 
of the many different expectations and human 
endeavours. The result is a wide-ranging medley of 
multi-cultural styles and individualistic forms that 
have been introduced, adapted, added, evolved, 
merged and blended. Such historic variations can 
still be mapped in the rural towns and how villages 
developed„but for how long is another question.

Whilst the onslaught of globalisation is caus-
ing cities like Sydney and Melbourne to become 
more cosmopolitan and thus indistinguishable 
from overseas, a strong streak of national identity 
remains rooted in Australia•s rural distinctiveness. 
The various layers of vernacular create a cultural 
landscape of significant value.

Consider how iconic landscape images feature 
in films: Mad Max , was shot at the ghost town of 
Silverton, near Broken Hill while Priscilla Queen of 
the Desert used the Mundy Mundy Plain stretching 
far west into the horizon•s curve where State bor-
ders meet. Silverton•s a poignant case-study in ver-
nacular survival. Being so close to the border, it•s 
no surprise to find the stone buildings that remain 
are in the South Australian style, with strong influ-
ences tracing back to the Silesian Lutherans, who 
fled religious persecution to settle in the Barossa 
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realise that the vernacular building stock they•re 
taken for granted for years is not just another old 
house, shop, shed, church or hall„it•s an intrinsic 
part of local identity. As such, it can become the 
foundation for community revival with cultural 
tourism based on both human interest and quirky 
architectural appeal.

Another way to examine the emergence of dif-
ferent styles is to look at the transitions from one 
era of activity to another„the historical perspec-
tive. The 19th century urge for discovery pushed 
westward in search of an elusive, imaginary 
•inland seaŽ. From the 1820s on, pastoralists fol-
lowed. One who risked all to establish a homestead 
complex and its vernacular shearing shed for a 
flock of prized Spanish merino sheep, named his 
•runŽ Boree Cabonne (Wiradjuri dialect meaning 
•big tree•).

2 WHEN THE WORLD STARTED TO 
ARRIVE

Rural towns boomed to support miners, drovers 
moving stock along •The Long Paddock•, itinerate 
workers and the travelling circuit parson and priest. 
Where horses proved unsuitable, Afghan cameleers 
kept supply lines open to outback stations leaving 
a legacy of structures, such as 1887 •Tin Mosque•. 
As wool-growing expanded, millions of bales were 
transported by paddle steamers along the Murray-
Darling river system, then by rail onto Melbourne. 
Echoes of this thriving trade survive in remnants 
of the Echuca wharves.

The discovery of gold in 1851 caused another 
kind of seismic shift in vernacular building„
prosperity. Thousands, mainly men, poured in 
from every country, including from the California 
fields„often described as moving from •old gold 

mountain• to •new gold mountain•„Australia. 
This lead to a massive population increase which in 
turn caused a huge re-think about town places and 
spaces, often involving a new Town Hall and simi-
lar facilities, or the rebuilding of many main streets. 
The vernacular was evolving from make-do to civic 
pride and home, and it tells this story today.

During this era there was an influx of Chinese„
not just workers, but entrepreneurs. On the gold-
fields, and as far north as the Atherton Tablelands 
an Asian vernacular was introduced, with temples 
adapted to suit available local building materials. 
As the gold-rush waned, many remained as cooks 
on rural stations or re-located to search for other 
metals„a story that unfolds along Tasmania•s 
Trail of the Tin Dragon• tourist route. Interest-
ingly, when some Chinese workers returned home 
to China, they began to use architectural elements 
seen in Australia„a notable example is at Kaiping. 
In the mid-20th century this same cycle of reverse-
adaptation has been repeated by the Cambodians 
and Vietnamese immigrants transplanting their 
religious places.

By the 1880s the booming economy made Mel-
bourne one of the most cosmopolitan cities in the 
world, as demonstrated by its Great Exhibition 
Hall. Many fine buildings were built, and remain 
for today complementing the character of Mel-
bourne•s famous bluestone. This southern city was 
not only a hub for growth generally, it was pivotal 
in then boosting Australian exports of fibres and 
grains. Some indication of the city•s wealth and its 
important role can be gleaned by noting that a main 
cellar at Madame Pommery Champagne premises, 
Rheims, is given the name •MelbourneŽ.

3 TALES OF TRAVEL AND TOWNSHIPS

In this first century of colonial life, people, mail, 
and •gold• were transported by coaches and horses, 
with frequent attacks by bush rangers. This can 
now be re-lived via the web-based and tablet appli-
cations to access •The Gold Trail•, or a self-guided 
drive along the Cobb & Co•s Bathurst to Bourke 
route.

In such a •wide brown landŽ travel routes were 
the vital links between inland villages to coastal 
ports. It was also imperative to get grains and 
fibres to Sydney•s old Darling Harbour for clippers 
ships destined for European mills and industrial 
centres. Vital were the railway networks and sta-
tions became a matter of local pride. Just as hap-
pened in the USA, migrants toiled to rollout the 
lines, soon followed by a wave of economic pros-
perity in rural towns, expressed in shape of hotels, 
banks, schools, halls, emporiums and housing. 
Brick, stone, stucco, and more so here the humble 

Figure 1. Kinchega Shearing and Wool Shed (S. & B. 
Stepowski).
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weatherboard, were used to display progress and 
civic pride, much of which remain today. Despite 
some in a parlous state, there are heartening exam-
ples of re-discovery.

For instance, take Canowindra and its crooked 
street set amid fertile croplands. After decades of 
neglect, this historic townscape now hosts the Aus-
tralian Hot Air Balloon championships, the Devo-
nian period Age of Fishes Museum, and remains 
a popular film set location. Nearby is the atmos-
pheric early tin cinema, the Amusu Theatre. Then 
there are places which have always valued their 
local heritage, but only in recent times come to 
realise its potential for cultural tourism. Typical of 
this is Moree, a major rural rail and cross-roads 
centre in northern NSW. When fire swept through 
the town•s heart in 1928, it was rebuilt in bold new 
Art Deco styles. Today these retro streetscapes not 
only support a dynamic commercial centre, they 
attract many thousands of visitors a year and act 
as living proof of sustainability in the vernacular.

4 FIRST THE STORY, THEN THE HISTORY

Common in surveys of post-settlement history are 
themes such as mining, pastoralism, migration and 
trade routes. In Australia, these have been the sub-
ject of much discussion for some time, with spe-
cific investigation and associated documentation. 
Thematic studies completed since the 1990s trace 
the built legacies of the Greeks, Italians, Chinese, 
Irish, and Maltese. The •Malta House• near Val-
etta is an Australian timber •Hudson ready-built•, 
exported to Malta after World War One to teach 
pending migrants how to work with Australia tim-
ber. It also demonstrates how the Indian bungalow 
evolved to suit the Australian conditions and •buil-
dability• as a kit and pattern book design.

Each wave of prosperity brought a layer to bol-
ster local character and ambiance. The inevitable 
busts and downturns enabled intact early build-
ing fabric to survive. The quaintly-angled build-
ings, bark lined stables, timber slab cottages, are 
the record of such cycles and the challenge today 
is •telling the storey• to inhabitants of one of the 
most urbanised countries on the planet. Geogra-
phy plays its part too. Ninety percent of the Aus-
tralian population cling to a narrow coastal strip 
stretching from tropical Brisbane south to temper-
ate Melbourne.

Many urbanites, and especially the more recent 
immigrant arrivals, have never ventured west of 
the Great Dividing Range, a land-form barrier 
that earns its name in hard rock. This seemingly 
impenetrable series of sheer cliffs and deep ravine 
valleys is locally called the •sandstone curtain•, and 
includes the World Heritage listed Blue Mountains, 
where tourism facilities and inter-war era guest 
houses have been part of the vernacular for over 
a century.

West of •The DivideŽ family farms are experienc-
ing tremendous challenges. Multi-national consoli-
dation of holdings results in surplus farm buildings 
becoming redundant, and employment of single 
bachelor managers having little connectivity to a 
local community. The loss of demographic profiles 
can trigger a ripple-effect that begins with the down-
grading, then ultimate removal of local services„
the trains no longer stops, bank no longer opens, the 
post office goes. All aspects of rural life are affected. 
An insidious outcome is the loss of able and willing 
hands to run voluntary, community-based organi-
sations. With de-population the church falls into 
dis-repair, the local school closes and former homes 
are abandoned. Although derelict now, many still 
survive to await a new vernacular version of the 
three •R•sŽ„recognition, rescue, restoration. For 

Figure 2. Hou Wang Temple (S. & B. Stepowski). Figure 3. Two stone churches (S. & B. Stepowski).
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some, even just one R would assist„recording, to 
at least capture their story in pictures and digital 
technology.

5 RATIONALISING THE ECONOMICS

In recent times, the pragmatic, modest structures of 
rural architecture have suffered as a result of finan-
cial policies that came with the rise of •economic 
rationalism• - a budget mantra of Anglo govern-
ments since the 1980s. The signs of this narrow-
ing of political and fiscal approaches began with 
the shift from Keynesian to the •Chicago school 
Friedman economic models„a move from a col-
lective basis to individualism.

Accounting practices began to transfer the 
raising of budgets from direct to indirect income 
streams, such as duties derived from land and 
housing transfers, excises on consumptions such 
as petroleum products and car registrations, rather 
than subsidies on state-owned rail infra-structure. 
Government machinery became more centralised, 
assets were privatised, cost centres devolved onto 
local government, and statutes enabled greater 
ministerial discretion. The down-grading of main-
tenance of public assets, and removal from stra-
tegic planning of the notion of •the public good• 
resulted in a similar paradigm shift within the 
general public and businesses. These exacerbated 
problems already being experienced by many rural 
towns„absentee landlords and associated lack of 
basic maintenance, the loss of inter-generational 
knowledge, local and contextual histories„to 
place a further burden on civic minded residents. 
It•s easy to understand how vernacular assets were 
not just ignored„they became almost invisible. 
But the good news is„they are still there, hiding 
behind cobwebs and ripe for rediscovery.

6 CURRENT FACTORS TO FACTOR-IN

Over the last 30 years Australia has experienced 
non-stop prosperity and felt few effects of the 2008 
Global Financial Crisis. But the enduring •boom• 
based on mineral extraction is weakening. Politi-
cians and treasuries see the next source of income 
coming from the services sectors and from capital 
freed-up by the •baby boomers• for the consumption 
of •super goods• … health, education and leisure. 
The challenge for rural NSW is to capture national 
and inter-national cultural tourism to supplement 
off-farm incomes, to retain local anchor services (a 
doctor, supermarket, chemist) and thereby assist 
rural towns to survive.

The de-industrialisation of the national econ-
omy however brought a greater reliance on other 

•super goods• sectors of finance, information tech-
nology, tourism and a generic •culture•. Whilst it 
may not replace past prosperity, cultural tourism 
is a growth industry. With the 21st century focus 
onto energy, technology and knowledge, distance 
or location are no longer barriers to business inno-
vation. These emerging employment sectors can 
thus be turned into opportunities. It holds the key 
to long-term viability. The challenge is to attract 
businesses, no longer restricted to purpose built 
offices, into regional areas. From new •pop-up• 
businesses 70% begin in the •garden shed• or on a 
•kitchen table•.

7 A NEW START FOR SUSTAINABILITY

This hope for the future is happening. One start-up 
business based in a rural hamlet runs nation-wide 
thematic tourist programmes for special interest 
groups; another runs artist camps in the desert. 
With e-commerce such businesses no longer need 
nor require global city locations, as it is the deliv-
ery of the •service• on the sites that is the consum-
able yet intangible saleable product. Technologies 
can disseminate information via QR codes, tailor 
designed •apps• for immediate accessibility and 
to enhance on-site interpretation to differing and 
youth user profiles.

Rural communities, hit by years of successive 
disastrous droughts then inundated by floods, 
need an inspirational beacon. A creative adaptive 
reuse of an existing structure is the Moree Flour 
Mill. Built by a canny Scot next to the railway line, 
it remains a prominent vertical marker in the sur-
rounding black soil plain. By 2000 international 
global economics had brought about the building•s 
decline into the ignominy of occasional use as an 
abseiling training site. The vernacular decay was 
palpable, and seemed irreversible.

Today the Mill is a dynamic and state-of-art 
commercial premises for an agricultural supply 
company as well as offering high-tech short and 
longer term office lettings to visiting agronomists, 
consultants and industry representatives. Its adap-
tive reuse was driven by a requirement for high 
quality office space which was in short supply in 
the rural region. Having views of the surround-
ing countryside of cotton and seed crops, plus the 
proximity to these multi-million dollar businesses, 
makes such premises attractive. This new lease of 
life to a former landmark industrial building dem-
onstrates the multiplier flow-on effects.

The high tech offices provided job opportunities 
to supplement off-farm incomes and attract and 
retain the younger generation in trades and profes-
sional occupations. Quality and verifiable interna-
tional food supply is big international business and 
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the merchant banks are also taking up local office 
suites. The Mill also demonstrates there are sus-
tainability benefits when working with an existing 
building in terms of energy efficiency, savings and 
running costs where the climate can be extreme. 
And there is a community health benefit with 
incorporation of a farmers• social space to meet 
and chat about the weather or futures markets fore-
casts while waiting for machinery to be serviced.

Even so, there are two things that can never be 
out-sourced, off-shored or taken over by technol-
ogy:. first, the face-to-face component of a job, 
and next, the artisan and technical trades skills. 
These are the •human service• and the •hands-on•. 
In short, people.

8 VALUE-ADDING IN THE VERNACULAR

There is another people factor gaining relevance 
in today•s rural Australia„the •grey nomads•. 
This is a growing category which goes, literally, 
far beyond destination travel or one-stop holidays. 
These retirees, sometimes semi„but often fully 
retired, have time to roam and a yen to explore. 
This cohort are already linked-in with specialised 
directories and social media sites that rate •locali-
ties• on various criteria. They seek to discover the 
stories behind the facade„the •why• as well as the 
•where•. Their quest is experiential, to understand 
their own background as Australians, and to share 
in a place where history •comes aliveŽ, which is in 
rural Australia

This takes cultural tourism to a whole new 
level, with many opportunities for rural towns to 
prosper. Suddenly, sustainability is no longer a 
luxury for heritage enthusiasts„local authenticity 
becomes the wherewithal to attract this cashed-up 
•super goods• sector, by turning even the simplest 
of vernacular architecture to value-added advan-
tage. With this kind of market demand, the imper-
atives are for restoration. Active adaptive reuse 
can be a sound investment. Indeed, it is worth 
noting that the 2014 British Budget recognised the 
potential that accrues on release of retiree finances 
back into general circulation, and hence enabled 
retirees• access to their superannuation funds as a 
lump sum.

A rapidly emerging sector contributing to tour-
ism income is the •weekend retreat• or •get-awayŽ 
market as more people seek a break from demand-
ing work pressures, congested cities and high-rise 
environments. Places within a 2 to 3 hour drive 
from the major urban centres are especially popu-
lar. In high demand are the Hunter Valley vine-
yards or those around Orange and Mudgee, and 
where accommodation has historic settings and 
heritage ambiance.

The re-invention of Broken Hill as an arts cen-
tre rather than solely a mining town has already 
been mentioned. Many regional towns now have 
heritage inventories, inclusive of modest vernacu-
lar buildings, and which form the basis for cultural 
tourism and market demands. The revitalisation of 
vernacular architecture does not need to be done 
as whole-of-township. It can start small, and build 
up as a series of small projects, such as the veran-
dahs reinstatement programme and small grants 
incentives for maintenance. Sometimes it just takes 
one building to change, then others notice, and fol-
low suit. Traditional paint schemes often end up 
having this snowball effect.

9 TOURISM„LONG-TERM SOLUTION, 
OR JUST QUICK FIX?

Cultural tourism sounds like the perfect panacea 
towards ensuring sustainability as well as supple-
menting off-farm income in rural Australia. But 
how far can it go? A brief review of tourism lit-
erature reveals some telling facts. A Western Aus-
tralian Tourism Commission report noted that 20 
car loads of visitors staying overnight in a locality 
has the same economic impact as a factory with 
an annual payroll of Aus$1.5 million. That same 
20 carloads of visitors can create 21 jobs in a local 
economy per year. As an ongoing source of pros-
perity, it seems there is much to gain.

According to Tourism Queensland •ecotourism• 
represents nearly 30% of the Australian travelling 
public. Cultural and eco tourists are not seen as 
one distinct group, rather these consumers• interest 
lie along a spectrum covering many different ele-
ments. Half  the travelling public has an underlying 
disposition towards nature and learning as part of 
their vacation. As long ago as 1999 inbound and 
domestic tourism in Australia was an Aus$60+ bil-
lion sector, which even then exceeded the value of 
more traditional rural-based forestry and fisheries 
industries combined. Today, and in today's dollar 
terms, it is rapidly catching up to mining, and has 
long-since overtaken it for employment.

Apart from financial considerations, there are 
social positives too. An expanded or revitalised 
sense of identity is one. The Ben Chifley train 
project bound together regional groups with •envi-
ronmental heritage• in a wider sense. Another ben-
efit can come with community involvement: some 
locality residents took on a personal role as their 
town•s ambassadors. The result is a shared sense 
of purpose to reinforce a renewed sense of place. 
It is not really that surprising that because rural 
communities are so frequently forced to adapt to 
other hardships, they can see the ongoing pres-
ence of old buildings as some kind of proof that 
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all together the township still endures, and hence 
to use this collective as a tool to achieve a long-
term future.

10 A CAUTIOUS CONCLUSION

It would be a fine world if  a report on the survival 
of vernacular buildings could say that sustainabil-
ity was assured. Although times have improved, 
nothing is even close to such smooth outcomes. 
Change is a constant factor of life. Heritage, being 
a social value, is also under flux of change. City 
dwellers seek a •sense of place• to experience while 
rural communities want a sustainable existence. It 
is important to stress that it is the management of 
change that determines the future of the existing 
vernacular structures.

How far can one promote vernacular structures, 
especially when unable to police their protection? 
With raising awareness comes the dilemma of the 
•relic in the landscape•. Although an important 
theme and typology of historic structures and 
surveys, what to do with redundant woolsheds, 
weathering pise or early corrugated iron structures 
remains a perennial quandary. How can we con-
vince farmers to put a little effort into maintenance 
of a structure which, for them, has no immediate 
or obvious economic use or return?

A local government officer is constrained by 
statute when balancing a society caught between 
a duality of wanting certainty, definitive heritage 
•lists•, whilst at the same time being caught, and 
possibly compromised, by a need to adjust. For 
vernacular buildings to survive, to be sustainable, 
new ways of seeing what is familiar need to be con-
stantly reviewed and reinforced. Some find this 
confusing whilst others are invigorated. The proc-
ess requires considerable energy and motivation.

For tourists, and some land owners, derelict sheds, 
dilapidated doorways, overgrown gates, weathered 
bridges, long-abandoned carts and machinery„
these are the rustic scenic elements that evoke a 
visitor sense of experience and generate lasting 
memories. But there is also a downside to revealing 
these forgotten treasures of local history. Highlight-
ing such places may cause insidious threats. One 
extreme is over-glorification, whereby the object or 
building is so •enhancedŽ that it loses all its original 
character. Alternatively promoting its existence and 
authenticity can •trigger• the risk of cultural looting 
whereby a •ruin• in the landscape becomes a high-
price antique in boutique second-hand stores.

The heritage of rural vernacular structures can 
be inter-woven into a process of economic devel-
opment and used as incentive to encourage, and 
enable, future survival. And with such awareness 

comes new opportunities not just to survive but to 
prosper.

The dilemma is how to share cultural tourism 
with other industries undergoing transformation, 
emergence or decline. Acknowledging the various 
layers and origins of vernacular structures can 
become a vehicle for village renewal. But for long-
term sustainability it must become a value held by 
a far wider community. To be truly successful, we 
look for group ownership throughout Australia„a 
national network of local re-awakening that brings 
a new pride-of-place, not just in •this town• or •that 
village• but for everyone.

That poem by Dorothea McKellar sums it up 
beautifully„ownership starts with the very first 
phrase of •My Country•. For this is the secret to 
retaining and sustaining the vernacular in rural 
Australia„to give back ownership of our shared 
heritage as embodied in those buildings. It is more 
than architecture, but the idea, the identity, that 
sense of playing a part in a national mosaic to pass 
on for generations to come.

NOTE

This paper is the result of my professional insights 
as a regional Heritage Advisor, having gained a 
deep understanding from working in rural towns, 
landscapes ranging from the coast to plains, and 
with fellow Advisors.
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ABSTRACT: The concept of the building embodies the most advanced knowledge in the field of 
research into alternative energies and sustainable development. The edifice serves as a demonstration 
model as well as being an object of research, aiming for the constant improvement of knowledge in the 
fields of bioclimatic architecture and building biology. The architectural appearance of the construction 
reflects the object on display within; the vessel reflecting its contents. A centre of demonstration, research 
and dissemination of energy sciences in an exemplary building has been created for teaching in an up-to-
date and practical way, whilst creating a wholesome, sustainable and efficient atmosphere. An edifice that 
encompasses the principles of sustainable and organic architecture, and energy efficiency, through ade-
quate planning, careful design and meticulous execution involving a conscious effort to minimize use of 
fossil fuel energies and the creation of healthy spaces, as much for the environment as for its inhabitants.

The intention of the design is to create bal-
ance between its different parts, whilst conceiving 
the project and its construction as a process that 
reveals what underlies it.

Vernacular architecture is expressed in the main 
characteristics of the building:

1. Materials and construction systems adapted to 
the environment and popular tradition,

2. The creation of micro-climates favoring ade-
quate comfort outside and in, influencing tem-
perature ranges, humidity, color, vegetation and 
natural or artificial lighting,

3. The aesthetic and structural features of  the 
building are unique, based on the study of 
culture, climate and environment, although 
its key characteristics arise from common 
roots shared with other example of  vernacular 
architecture,

4. The interaction between an organic design, 
respect for its users• needs, and its vernacu-
lar legacy, is the result of  a commitment to 
comfort and the human dimension, (Fanger 
1970)

5. The response to the need for protection from 
the local climate and the use of locally sourced 
materials with an emphasis on close proximity 
(Pearson 2001)

6. The response to the empirical experience and 
knowledge of recent generations without sever-
ing with the wealth of past tradition.

1 INTRODUCTION

Vernacular architecture presents itself  as a true 
reflection of building tradition, where identity and 
everyday life fuse with utmost respect for the mate-
rials and construction methods best suited to local 
conditions. Without a doubt, it is the kind of archi-
tecture which best defines a building•s authenticity 
within its environment, responding to the basic 
need to inhabit. This idea prevails in popular con-
struction, its main protagonist being the dwelling 
house, but buildings of tertiary use or semi-public 
workplaces tend to be categorized as within the 
cutting edge of contemporary architecture and not 
with respect to their identity and roots.

Organic architecture, together with a real sus-
tainable aspect of Building Biology (Baubiologie), 
is deep-rooted in vernacular heritage.

The Circe building puts itself  forward as an 
architectural and a social challenge. This project•s 
starting point is the idea of a tertiary building 
which promotes the relationship between its work-
ers, fulfilling their needs and ensuring transpar-
ency, through a notable ecological awareness.

The materials and construction details are cho-
sen with respect to minimal energy consumption, 
their natural qualities, their durability and their 
effect on human health, and a relationship is estab-
lished between all parts of the building and its sur-
roundings, symbolized by a union of the four basic 
elements of nature.
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2 BACKGROUND INFORMATION

2.1 The Circe Foundation

In 2003 Zaragoza University announced a compe-
tition for the design and construction of the Circe 
Foundations• headquarters. The competition was 
won by the Petra Jebens-Zirkel architecture studio; 
work began in 2006 and concluded in 2009. The 
building has been used by the Circe foundation 
since 2010.

The CIRCE foundation„The Centre for 
Resource and Energy Consumption research„is a 
research centre founded in 1993 with the support of 
Zaragoza University to create, develop and share 
innovative solutions and scientific and technical 
knowledge with the business sector of the energy 
industry. Its mission is to promote energy effi-
ciency and deploy renewable energies through the 
development of I+D+I activities and educational 
initiatives which respond to the needs of national 
and international energy production sectors, thus 
contributing to sustainable development.

2.2 Environment and climate

Due to the Ebro River plain depression, Zaragoza 
has its own micro climate, with heating needs of 
just under 2000º per day. It•s a continental climate 
with extreme thermal contrasts between summer 
and winter. The maximum temperature is 40.2º C 
and the minimum Š10.4º C. Averaged monthly glo-
bal radiation per day varies between 1,63 Kwh/m2 
per day in December and 8,19 Kwh/m2 per day in 
July. Annual rainfall is less than 350mm. The pre-
vailing wind, El Cierzo, blows in strongly from the 
north…west all year round, reaching speeds of up 
to 100km/h, especially in winter. A south-easterly 
wind, El Bochorno, blows mainly in spring and 
autumn with an average speed of 20 km/h.

3 THE BUILDING

The Centre for Energy Resources and Consump-
tion„CIRCE, is a building whose exterior is an 
expression of its interior. Its design is expressed 
through vivid formal language; it reflects itself  as 
much towards the exterior as towards the interior, 
corresponding exactly with the choice of colours 
and materials.

It also serves as an active, working example of 
energy performance efficiency, with the future pos-
sibility of instant data collection and the study, 
teaching and monitoring of its performance mak-
ing it possible to see what each element is produc-
ing at any given moment. It is a building which is 
open to research and dissemination.

The building seeks to express relationships and 
encourage the understanding of processes, in order 
to create transparency. Ecological responsibility is 
of upmost importance, materials are selected in 
terms of minimal energy consumption, their nat-
ural qualities, their durability and their effect on 
human health. All of the offices and most of the 
other rooms have natural lighting.

Energy efficiency is achieved through the archi-
tectural design right from the initial planning stage 
the buildings• south orientation guarantees optimum 
sun exposure to the façades, light-coloured paving 
avoids overheating in summer. Also the vegetation, 
water features and active as well as passive solar 
energy contribute to the building•s responsiveness.

3.1 Formal elements

The construction is compact and designed over 
two floors. The design is irregular; while neither 
classic nor symmetrical it nevertheless displays a 
clear, organically formed order, as well as using 
harmonious proportions and adapting to climatic 
conditions and its functional needs.

Its organic form represents the result and not 
the starting point of the design process.

The building is composed of three connected 
elements (Fig. 1):

1. In the middle of the building the circular core 
with its dome, providing a quiet and peaceful 
architectural heart, showing the results of Circe 
foundation•s investigations about energy,

2. The group of offices, the library and meeting 
rooms around this •heartŽ, corresponding to 
the circuit of the sun,

In the northwest flank the laboratory zone, with 
a more industrial function, placed as a rectangular 
barrier against the prevailing Cierzo wind.

3.2 Building biology

The building is constructed strictly according to the 
25 rules of building biology (Masters in Building 
Biology), using high quality materials such as natu-

Figure 1. Form and volume of Circe building (P. 
Jebens).
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ral cork, certified timber, lime plaster, local stone 
and ceramics, which harm neither the health of its 
future users nor the environment. Sustainability 
criteria are rigorously applied excluding the use of 
toxic materials which put the health of its occupants 
at risk. An example of this is the use of halogen 
free polypropylene and polyethylene alternatives 
for electric cabling and plumbing, thus eliminating 
the risks of toxic exposition during the production 
and toxic combustion in the case of fire. At each 
phase of the building•s life cycle the environment 
is respected: at project stage as much as in the con-
struction of the building and throughout its useful 
lifespan, even taking into account the construction 
process and its implications for the eventual destiny 
of the building beyond its life span.

Based on various research results (Masters 
in Building Biology) (Institut für Baubiologie + 
Ökologie) into the toxicity of different building 
materials, the use of any products, suspected of 
being even slightly damaging to health, is avoided, 
in line with the three main principals of building 
biology: protecting health, saving energy and car-
ing the design.

Passive solar energy is extensively employed to 
achieve energy savings and efficiency. This is com-
bined with favourable solar orientation, adequate 
thermal insulation and a large capacity for thermal 
inertia in the floors and walls, which permits regu-
lation of the internal temperature (Fig. 2).

4 THE BRIEF

The Circe building brief stems from the organic 
geometry and the distribution of different areas of 
work according to the Foundation•s organogram.

The main entrance of the Centre is through the 
•Plaza del SolŽ, on the south side of the building. 
There is a second entrance through the •Plaza del 
Agua• on the north east part of the building. The 
laboratory block on the northwest side provides a 
further access to ensure ease of evacuation in case 
of fire (Fig. 3).

The central hall space is circular with a diameter 
of 15.34 metres and is double height with a usable 
area of 185.06 m2. This interior circular space is 
the geometric centre of the building, around which 
are arranged the offices, laboratories and other 
rooms. The interior offices on the ground floor 
receive natural light from the glazing in the curved 
corridor and through the partition walls.

The roof is a circular dome which incorporates 
a glazed lantern with opening skylights in its roof, 
in such a way that it provides lighting and ventila-
tion for the interior spaces.

There are 22 offices in total, distributed over 
the ground and first floors, as well as a conference 
room and a library. The library is situated in the 
interior part of the ground floor, making use of 
the parts of the building with less direct light, as 
do the toilet blocks on the ground and first floors, 
the porter•s room and the main staircases in the 
curved part of the building. There are toilets and 
changing rooms in the service zone of the labora-
tory building, with access from the central hall, as 
well as plant rooms and the IT labs.

On the first floor there are two open air terraces 
for rest areas.

Zaragoza•s prevailing wind, El Cierzo, is capable 
of producing considerable and undesirable drops in 
air temperature in the cold season, as well as a dra-

Figure 2. Green roof detail (P. Jebens).
Figure 3. Ground floor plan and distribution (P. 
Jebens).
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matic drop in the perceived interior temperature. 
A rectangular warehouse with a 36º tilt on the east 
west axis mitigates its influence architectonically. 
This block is designated for the industrial uses of 
the building, with lesser thermal requirements in 
the part which contains the Foundation•s heating 
and electricity laboratories.

The solar ventilation chimney uses the prevail-
ing winds and the build up of heat in its upper 
section to naturally circulate the interior air, and is 
located at the point of union between the labora-
tory block and the rest of the organic volume of 
the building.

In total the building has 1743.87m2 of usable 
area and a total built area of 1990.46m2.

5 ARCHITECTURAL SOLUTIONS AND 
DETAILS

5.1 Structural solutions

The vertical structure is composed of load bearing 
walls of varying types and thicknesses, depending 
on their orientation. They are supported on the 
foundation slab, a compacted gravel bed, and a dim-
pled polypropylene membrane with geo textile for 
damp proofing and protection. In the main build-
ing, the horizontal structure is of laminated timber 
beams which rest on a reinforced concrete continu-
ous ring beam. While the central part of the labora-
tory block has two floors, the biomass lab and the 
renewable energy lab remain double height.

5.2 Green roof

The roofs fan out following the path of the sun.
Almost all of the roofs are landscaped with vegeta-

tion. This is an extremely favourable option ecologi-
cally and economically, since it compensates for the 
occupation of the spaces, generates oxygen, acts as 
thermal and acoustic insulation, absorbs pollution, 
avoids overheating in summer, reduces extreme oscil-
lations in temperature and humidity, and further-
more, has almost unlimited durability (Day 1990).

5.3 Conservatory and skylights

In order to make use of passive solar energy, there 
is a glazed conservatory on the south side of the 
building on the ground floor (Fig. 4). It has a sim-
ple timber post and beam structure supported on 
a low brick wall. This conservatory captures solar 
energy over all of its glazed surfaces, vertical and 
inclined, and it is conceived as a buffer space. It is 
part of the functioning of the building, directly and 
indirectly, without any additional heating system 
other than its own accumulation of solar radiation 
in the mass material of the flooring and walls.

This conservatory space not only permits solar 
exposure to the adjacent rooms, but is also impor-
tant because it reduces the heating requirements for 
these rooms due to the accumulation and distribu-
tion of heat towards the interior of the building.

It also has some movable elements, such as the 
opening windows in the central part, and roll-up 
blinds on the exterior for the glazed roof. A shady 
and well ventilated space is thus generated which 
protects the interior from overheating in summer 
and keeps the conservatory spaces cool.

The curved corridor on the ground floor also 
has a glazed roof, constructed in timber and sup-
ported on the main structural beams. Again, the 
glazing has exterior textile blinds to prevent over-
heating in summer.

Each of the two terraces has two sealed sky-
lights with double glazing, constructed in situ, to 
provide the west corridor and the bathrooms with 
natural light.

5.4 Thermal and acoustic insulation

One of the principal premises of the building is the 
reduction of its energy requirements, and therefore, 
optimal thermal insulation for each zone of the build-
ing was provided, depending on its degree of expo-
sure, internal needs, solar capture or distribution.

The insulation materials used are natural cork, 
in boards and granulated, expanded volcanic clay 
and hemp in rolls, in case of the lighter dome top. 
In the different types of roofs, thicknesses greater 
than 18 cm are used, and in the walls and other 
details, between 3 cm and 5 cm.

The correct position of the thermal mass in the 
construction details, which protects overheating in 
summer, is also given careful consideration. In addi-
tion this it provides an excellent acoustic protection.

5.5 Finishes

The interior and exterior finishes of the Circe build-
ing reflect a commitment to the low environmental 
impact of the building combined with the vernacu-
lar legacy of its local and natural origins. Thus, lime 

Figure 4. Southern facade and glazed conservatory (P. 
Jebens).
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render, potassium silicate paints, and mineral pig-
ments are applied on the ceramic load bearing walls. 
The psychological effect of colour is used, especially 
in the offices and corridors, with soft and cheerful 
tones, according to the function of each space. The 
four principal colours, which correspond to the four 
principal elements of nature, are employed, and this 
is further reflected in the four exterior •plazas•.

The interior timber structure is left exposed. The 
timber is factory treated with porous water based 
products. The rest of the timber is finished with 
natural pesticides and fungicides, oils and resins.

5.6 Lighting systems

The specification of the lighting system hugely 
influences the energy efficiency of the building, 
which makes it necessary to consider not only the 
type of lights used in each space but also the distri-
bution of the circuits which supply them (Fig. 5). 
For this reason there are basically three types of 
lighting, which are defined as follows:

… natural light fluorescents with full spectrum in 
offices and laboratories (long duration)

… energy saving bulbs in wall lights, ceiling lights 
and tracking, in permanently artificially lit 
areas, inside and outside (long duration)

… incandescent bulbs and halogens„depending 
on each situation„in wall lights and ceiling 
lights with movement detectors, in corridors 
(short duration)

5.7 Heating and Cooling

The main heating system projected is that of pas-
sive solar heating through means of large glazed 
apertures on the south facade, as well as the con-
servatory attached to the building.

Additionally, the heating and cooling of the 
building is assisted by the circulation of hot or 
cold water, depending on the season, around a 

polypropylene network of tubes set into the floors, 
with distribution adapted to the various uses 
within the building, and a precise regulation of the 
temperature and flow in each one of the thermal 
zones of the construction.

Health, comfort and efficiency (in the initial outlay 
as well as in its maintenance), constitute the three pil-
lars on which the design is supported and with which 
the heating and cooling system is defined. There is also 
a geothermal system with a heat pump for the produc-
tion of hot and cold water, which is supplemented by 
a gas condensation boiler. This will be further supple-
mented by a biomass boiler in the near future, as part 
of an internal Circe Foundation project.

The main points in relation to the cooling sys-
tem are the use of passive measures, such as the 
protection of the openings with lattices, also in 
the roof of the conservatory, interior and exterior 
vegetation, and evaporation from the central water 
fountain in the interior, as well as constructive 
solutions such as adequate insulation in the exte-
rior envelope and thermal mass. Other active meas-
ures include night time ventilation, using the solar 
chimney and the dome lantern, and cool surfaces 
of the flooring materials.

The installation in its entirety comply with the 
necessities based on a number of studies by vari-
ous authors (Santamouris & Asimakopoulos 1996) 
(RITE) related to climate responsiveness. Comfort-
able temperatures are considered to be above 20ºC 
in winter and below 28ºC in summer, as long as 
certain other conditions of humidity and air move-
ment are fulfilled (40% relative humidity and air 
speed 0,2 m/s in summer).

5.8 Exteriors

The exterior spaces were developed using the prin-
ciples of xeriscaping, which maintains the perme-
ability of the ground by using paving materials, 
which allow rainwater to penetrate into the earth, 
and native vegetation with low watering require-
ments. The landscape design is organic in accord-
ance with the building.

The configuration of the four •plazas• around 
the building, which •embrace• the construction and 
act as a connection between interior and exterior, 
are projected as being symbolic of the four basic 
natural elements, and also fulfil the function of 
exhibition spaces for the research projects related 
to the building (Fig. 6).

The Plaza del Sol (element„fire) is situated in 
the south, next to the entrance of the building and 
its central feature will be a sun dial.

The Plaza de la Biomasa (element„earth) is sit-
uated in the southeast of the site. Native tree spe-
cies are planted in this area as a representation of 
the means of producing renewable materials.

Figure 5. Interior central hall (OHL).
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The Plaza del Agua (element-water) is on the 
northwest of the site, and has a pond which col-
lects the water which circulates in a small canal 
which also passes through the Plaza de la Biomasa 
and the Xeriscape Forest.

The Plaza del Viento (element-air) is found on 
the west side of the building, which is where the 
Cierzo wind comes from. This is also where the 
rain water is collected in another pond.

6 CONCLUSIONS

… The Circe building is the first public building in 
Spain to be constructed using Building Biology 
principles.

… A building which truly completes its life cycle 
needs to take into account the real requirements 
of its inhabitants from its initial conception. 
In this case, the established requirements were 
expressed by them en the beginning and formed 
through the design process, but did not involve an 
active further process of participation together 
with the principal users of the building.

… The individual•s perception of comfort in a 
building is largely subjective, as described in 
Fanger•s studies (RITE) on comfort levels. How-
ever, the concept of a satisfactory interior space, 
incorporating natural, healthy materials, pleas-
ant colours or forms, and hygroscopic surfaces, 
ensures to a large extent the ability to achieve, 
not only hygrothermic balance with atmospheric 
conditions, but also a general feeling of comfort 
in its widest sense.

… It has always been intended that the building 
would require the active participation of its users 
for its proper functioning and its ability to behave 
passively, for example in the opening and closing 
of the windows, the ventilation chimney, blinds, 
shutters, etc. For this reason, a lack of awareness 
and participation on the part of the users could 
lead to inappropriate bioclimatic performance.

… From the perspective of organic and vernacu-
lar architecture, the use of natural colour, soft 
surfaces and organic forms in a more hostile 
architectural context, contributes beauty and 
richness, at the same time as respecting natural 
forms and volumes.

… The results from the study, design, construc-
tion and use of this building show a reduction 
in energy consumption, in comparison to other 
public buildings with similar characteristics, as 
expected„the average consumption for heating 
is less than 30 kWh/m2 per year, and less than 8 
kWh/m2 per year for cooling.

… In terms of the energy consumption for heating 
and cooling, the building requires far less main-
tenance than a more conventional building of 
a similar type. This, in turn, implies significant 
financial savings for society„along with the eco-
logical and health benefits of building biology.

… The Circe building is an example which demon-
strates that it is possible to construct educational 
and administrative public buildings for a reason-
able cost (1030,94  /m2) and with extraordinary 
attributes and quality.

… The design and construction of this building 
serve as a plea to the authorities for the reali-
zation of and support for public holistic build-
ings which are well designed in terms of their 
function, where their users feel comfortable, and 
where energy efficiency and use of healthy mate-
rials is a basic premise.
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A relation between the passive design and local community in Rincón 
de Ademuz, Spain
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ABSTRACT: The purpose of this study is clarified the sustainable system of rural village in Rincón 
de Ademuz, Spain. Rincón de Ademuz is one region in Valencia. It is located on the mountainous ter-
rain, between Teluel and Cuenca. It is composed of 18 villages and the population is 3009 inhabitants 
(1997) (Rodrigo 1998). The history of Rincón de Ademuz is old; maybe one of the oldest uninterrupted 
inhabited villages in Spain, as there are remains of a prehistoric Iberian settlement. It is proved that an 
elaborate system is within a village. Because the system doesn•t only protect from the menace of nature 
condition but also protect the local community in a village. This study is focused on the way of inhabit-
ants• life. In terms of the relation between the climate and their life, it makes clear how inhabitants keep 
their local communities in same village more than 2000 years.

2.1 Courtyard, garden and trees

The courtyard is always set inside a block-unit. It 
takes sunlight into the unit. Besides, in the three vil-
lages there are many gardens in front of the dwell-
ings. Especially many of them are in Castielfabib. 
Since the dwellings on the mountains must be com-
posed with high density, the dwelling complexes in 
the village give too much shade. Therefore, inhabit-
ants set gardens in front of their dwellings, so that 
sunlight can enter inside the village.

In contrast, the trees create shady spots in the 
village. In the case of Torrebaja, the ground of 
the village is full of water because of its proximity 
to the river. Thus, it is a good place to grow trees. 
Especially many trees are distributed between the 
river and the village. For the same reason, there 
are many trees in the southern part of Casas Bajas. 
Inhabitants cultivate vegetables and fruits in this 
area. By closer look on Casas Bajas, it is possible to 
notice that some trees grow in places where dwell-
ings were once. Inhabit-ants have decided not to 
build in these places, but to plant trees there. This 
is also an idea to create shady spots in the village. 
Thus, the trees do not only protect the village from 
the cold wind in the winter, but also give shade in 
the summer. Besides, next to the fountain points 
there are always trees. The water can effectively 
lower the surrounding temperature. Furthermore 
shady spots with a fountain always work as com-
munity space in the summer. The details of com-
munity spaces are explained in the next. Thus, this 
is an idea how to create a temperature difference 
in the village.

1 THE PURPOSE OF THIS PAPER

This paper focuses on the relation between the pas-
sive design of the village and local communities 
in Rincón de Ademuz, Valencia. In order to make 
clear the system which adapted to the natural envi-
ronment and keep their life more than two thou-
sand years in the same place.

2 THE PASSIVE DESIGN IN THE VILLAGE

There are many sunny and shady spots in the vil-
lage. The sunlight heats the space and thereby cre-
ates air movement upward. Therefore sunny spot 
has a lower pressure than shady spot. It means 
that a shady spot has a relatively high pressure 
and the air is pushed downwards. In theory, the 
air moves from high to low atmospheric pressure, 
from shadow to sunny spots (Arakawa 2011). 
This is a passive system that controls the wind 
through composition of  the buildings in the vil-
lage. It should be noted that this system does 
not generate a strong wind. This air movement is 
less than 1 meter per second and inhabitants can 
only feel it on their skin (Naito 2011). Of course, 
this air movement cannot be compared with the 
strong wind that blows from the sea to the moun-
tains, but it is important for inhabitants to pass 
the time in the village comfortably. Needless to 
say that the multi-storey dwellings provide plenty 
of  shade in the village. However, there are many 
other ideas for making the sunny and shady spots 
in the village.
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2.2 Composition of building-units

The composition of the building-units also creates 
sunny and shady spots in village. Squares work as 
sunny spots and narrow streets as shady spots. But 
this section is focused especially on a cul-de-sac 
and a setback in the village (Figs. 1, 2). A cul-de-
sac is a dead end and a setback is a way to create 
an open space in front of the line-units building 
complexes (Mileto & Vegas 2006). Therefore, the 
cul-de-sacs create closed spaces and the setbacks 
create open spaces in the village. This is the dif-
ference between cul-de-sac and setback. Thus, they 
not only produce varied spaces, but also sunny and 
shady spots (Fig. 1).

Since the land on the mountain for the buildings 
is limited, it is very inefficient to make cul-de-sacs 
in the village. However, in the villages of Rincón 
de Ademuz there are many cul-de-sacs. By focus-
ing on the way of the use of the cul-de-sacs, it was 
noticed that many inhabitants set an entrance in 
this spaces. Furthermore, some inhabitants put 
there flowers and small chairs and effectively use 
this closed space as private area. In the case of the 
flat land, the cul-de-sac has a meandering shape. 
Inside the block-units is inserted a small, narrow 
street that works as a courtyard to take the sun-
light. In contrast, since on the mountain there 
are no block-units, a cul-de-sac on the slopes has 
a straight shape. The cul-de-sacs on the slope are 
characterized by the fact that almost all of them 
are distributed around dwellings that are con-
nected to other dwellings across the contour line. 
This is logical, as the building units on the moun-
tain are composed only in line-units. However, it 
is impossible to compose the cul-de-sacs only by 
the line-units. Therefore, there are no cul-de-sacs 
in the north-west area of Casas Bajas, which was 
developed in the last century.

This area is composed only by regularly aligned 
line-units. But in order to create a cul-de-sac, several 
line-units must be connected to each other. Thus, 
this is why the cul-de-sacs are always distributed 
around the dwellings which are interconnected by 
dwellings built across the contour line. On the other 
hand, the setback is the way to create a square in 
front of the line-unit. There are six setbacks in three 
villages. The setback spaces are used as entrance 
hall and, additionally, some of them are used as 
common work space. For example, in the past, the 
setback square in Casas Bajas was used as a place 
for sifting wheat. Thus, the cul-de-sac and setback 
are some of the ways to create spaces in the village. 
In such a way, the next step is to analyze how these 
places work as sunny and shady spots. This largely 
depends on the location of the buildings. Therefore, 
it is needed to focus on how the buildings compose 
spaces. An important factor is the direction of the 
cul-de-sacs and setbacks. For example, if a building 
is setback from the north, then the setback creates a 
sunny spot in its southern side. Thereby, it is neces-
sary to analyze the direction of these spaces in order 
to understand how they create sunny and shady 
spots in the village. The following figure shows the 
details of how the cul-de-sacs and setbacks create 
sunny and shady spots in the village. From this fig-
ure, it is possible to understand that each of the cul-
de-sac and set-back have different directions.

Figure 1. Cul-de-sac. Figure 2. Setback.
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Figure 3. Cul-de-sacs and Set-backs in the villages.
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In total 8 of 21 cul-de-sacs and set-backs work 
as sunny spots in the village and 13 of 21 cul-de-
sacs and set-backs work as shady spots. In the case 
of flat land, as Torrebaja, the meandering cul-de-
sacs, found in block-units, take sunlight inside the 
units. And another one that is next to the wide 
street drops shadow on the street.

In case of Casas Bajas, there are four cul-de-sacs 
and set-backs that work as sunny spots. Since the 
village of Casas Bajas is composed of line-units, this 
is the way to take sunlight inside the village. Besides, 
there are two cul-de-sacs in the village, similar to 
the cul-de-sac of Torrebaja, that drop shadow. They 
are located inside a building complex. Their direc-
tion creates shady spot inside the unit, because it is 
located around the square full of sunlight. Thus, the 
cul-de-sacs make a contrast with the square. Besides, 
by analyzing the ends of the line-units, it was noted 
that usually buildings at both ends are smaller than 
the buildings in the center. Especially, this scheme is 
common in Casas Bajas, because this village situ-
ated on the gentle slope is composed of line-units. 
This system allows taking sunlight in front of the 
small buildings located on both ends of the line-
units. Thus, this is not only a way to adapt the wind-
ing contour line for building, but also is a system for 
taking sunlight into the village, that works similar 
to set-back. In case of Castielfabib, there are many 
small squares in the village. Dwellings connected to 
neighboring dwellings across the contour line cre-
ate small squares that work as sunny spots in the 
village. By closer look on the figure, it is possible to 
unerstand that many cul-de-sacs in Castielfabib are 
distributed around small squares and gardens. The 
garden is also a place to take the sunlight into the 
highly dense construction complex. 8 of 12 cul-de-
sacs and set-backs are located next to a sunny spot to 
drop shadow. However, 2 of the 12 cul-de-sacs and 
set-backs take sunlight into a narrow street, which 
works as a shady spot. And, in contrast, the other 2 
of 12 set-backs also located on a narrow street are 

set-back from the south side to create shady spots. 
They drop shadow on sunny narrow street, which 
is different from other 10 set-backs. The common 
factor of the cul-de-sacs and the setbacks is that 
they always create a contrast in the village. When 
they are located in a narrow street, they have a direc-
tion to take sunlight. And, in contrast, when they 
are located next to a square, they have a direction 
to drop shadow.

2.3 The passive design

Many villages in Spain are located on the moun-
tainous terrain. The land is dry and there are 
many sunny spots everywhere. Therefore, trees 
are planted to create shady spots around a village. 
Additionally, cul-de-sacs and set-backs create a 
contrast. This means that the village is equipped 
with a contrast of sunny and shady spots in the 
macro and micro levels (Fig. 4). Moreover, in Cast-
ielfabib, compared with the other two villages, there 
are many cul-de-sacs. Two-thirds of the cul-de-sacs 
in the village drop shadow. In Torrebaja and Casas 
Bajas it is possible to plant trees around them, but 
Castielfabib is on a mountain, and there are no 
trees. The idea of cul-de-sac is equal to the trees 
that create a contrast of sunny and shady spots in 
the village. Every village has a different location. 
Therefore, each village has a different solution to 
make contrast of sunny and shady spots. This kind 
of contrast is important to create the temperature 
difference and thereby the air movement in the vil-
lage. This is the passive design in a village.

3 THE LOCAL COMMUNITIES

3.1 A summary of the public space and the small 
community space in the village

There are two kinds of community spaces. One 
is the central square. Inhabitants set the facilities 

Figure 4. The conclusion of sunny and shady spots.
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around the central square. The facilities, like town 
hall and supermarket support the life of inhabit-
ants in the village.

The central square is the most important public 
space. And the other kinds of community spaces 
are some of the fountain points and the spaces in 
front of the entrance of the dwellings. Sometimes 
these places are working as a small community 
spaces, but they are not for all people, as the central 
area, they are only for the neighbors. Inhabitants 
decorate these spaces and put chairs there to enjoy 
their daily lives (Aida 2008).

3.2 The pattern of the outgoing behavior 
of inhabitants

On summer mornings in the central square there 
are many inhabitants. However, at about two 
o•clock everyone returns to their dwellings to eat 
lunch. And until the evening the streets are empty. 
The outgoing behavior of inhabitants has clear 
characteristics according to each season and each 
time of day. In addition, the sunny and shady spots 
also have a powerful influence on the outgoing 
behavior.

The detailed characteristics of outgoing behav-
ior are as follows:

3.2.1 Listing and numbering
In the morning many inhabitants are on the 
street. They choose a shady spot to stay during 
the daytime in summer. In the afternoon, no 
inhabitants are outside the dwellings because of 
the hot weather. All inhabitants close doors and 
windows to prevent the entry of  hot air into their 
dwellings. The masonry construction controls 
the environment of  the dwelling (*5). It makes a 
time lag in the conduction of  heat. For stone is 
characteristic that it needs time to heat up and 
cool down. In the daytime, the building is cooler 
than outside because of  the radiant heat at night. 
Therefore, inhabitants do their work in the morn-
ing, and around one o•clock they start to close 
doors and windows and keep them closed until 
about six o•clock. They wait the sunset in their 
dwellings.

3.2.2 The night time in summer
Stones of the masonry construction radiate heat 
at night time. Therefore, after the sunset out-
side is cooler than inside of  the buildings. This 
is the contrary of  the daytime. Inhabitants come 
out to enjoy the coolness of  evening. In Spanish 
they say, •salir a la frescaŽ. Especially in August 
on vacation many inhabitants return home from 
cities. They take out from their dwellings tables 
and chairs to enjoy a beer on the street. At night 
time in summer, the streets are full of  inhabitants 

enjoying the village. In addition, some inhabitants 
like to walk along the river with friends or family. 
The evaporation of  water takes heat from the air, 
and the temperature falls by approximately two 
degrees Celsius. Besides, a fresh wind is blowing 
down from the mountains along the river. Inhabit-
ants know that river is pleasantly cool on summer 
nights.

3.2.3 The daytime in winter
Most of the younger generation in the winter is not 
in the village. They come back to the village only 
for a short stay at Christmas. Thus, in winter on 
the central square there are only elderly inhabitants 
dressed in heavy coats. In contrast to summer, they 
are looking for sunny spots to stay. The state of 
the sun influences the outgoing behavior. Besides, 
inhabitants do not put chairs in the streets. Com-
pared to the summertime, on the streets there is 
little action. Inhabitants prefer to stay in the bars 
around the central square, or in the homes of 
friends.

3.2.4 The night time in winter
Inhabitants do not go out in the winter evenings. 
The summer heat is over and the early sunsets 
make inhabitants return earlier to their dwellings. 
They stay with the family in front of the fireplace.

Outgoing behavior depends on the season and 
time. In summer, inhabitants start to go out in the 
morning and in the evening around six o•clock. 
They take out tables and chairs to drink outside 
at the night time. Even at one o•clock in the night, 
some inhabitants still remain on the street. In 
winter, on the contrary, they stay outside only 
during daytime. The bar tables are also arranged 
in a sunny spot in the winter. Inhabitants want to 
be in a place where they can take the sunlight and 
enjoy some time with their neighbors. The com-
munity spaces on the flat land and the slope are 
different. In the villages located on flat land, such 
as Torrebaja, there are only a few chairs in front 
of  the dwellings. Since the streets are wide and 
straight, many people pass in front of  the dwell-
ings. And because of  this, the inhabitants of  flat 
land use the street in front of  dwellings less than 
those who live on slope land. Many inhabitants 
prefer to stay near the fountain, as it is explained 
in the previous section. Besides, some dwellings 
have a yard and inhabitants like to invite there 
their neighbors.

In contrast many inhabitants in Casas Bajas 
and Castielfabib put small chairs in front of their 
dwellings to enjoy the time. Thus, this place works 
like a small community space (Fig. 5). There are 
especially many flowers and small chairs in front 
of dwellings built on the slope. Since the streets 
are narrow and winding, there are many routes to 
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reach any dwelling, as well as the minimum number 
of inhabitants walk through the streets. Tangled 
streets create familiar spaces.

Therefore the streets are like private space. The 
place in front of the dwelling is suitable to take 
a rest in the summer evenings, because there is 
shadow. Thus, many inhabitants put chairs in front 
of their dwellings. The common factor about the 
community spaces in the villages is that the central 
square is always a common public space, as well as 
every inhabitant has a small community space near 
their dwelling.

4 CONCLUSION

The sunny and shady spots in the villages are 
not only passive design to create the wind, but 
also work as community spaces. These places are 
related with the daily life of inhabitants in each 
season. Because every inhabitant behaves in the 
same pattern, it means that everyone has plenty of 
opportunities to see each other in their daily lives. 
And it is important to keep the local communities 
in the villages.
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Methodology to characterize the use of pine needles in adobes 
of Chiapas, Mexico
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ABSTRACT: At the region of Los Altos Chiapas, in Cristóbal de las Casas, in southern Mexico, the 
predominant construction system since immemorial times has been adobe. One of the most interesting 
technical resources for the production is the use of pine needles (Pinus oocarpa) as a strategy to stabi-
lizing the earth. To evaluate in a systematic way their qualities we are developing several studies for its 
characterization, focused on structural strength, capillary absorption and moisture resistance present of 
adobe•s stabilized with pine needles in different dosages, layout and dimension. To have a properly sup-
ported protocol characterization was developed an experimental plan in the laboratory of the School of 
Architecture, University of Valladolid which is detailed in this paper.

(SUCS) corresponds to •inorganic clays of low to 
medium plasticityŽ. (Juárez 2010:160).

Faced this condition of the raw material, local 
communities from time immemorial have been 
used both for the making of adobes like coatings 
such as pine needles„known locally as juncia„as 
stabilizing agent.

Local craftsmen have observed that these fibers 
reduce the cracking of the adobes and also they 
are convinced that the pine needles award a major 
resistance and durability to the adobes so much as 
for its hardness as its absorption of moisture since 
it is thought that the needles contain resins that 
they tie and protect to the land.

As part of the study of a Master•s degree that the 
first author of this text takes place in the Aragon 
Faculty of Professional Studies of the National 
Autonomous of Mexico University, it was proposed 
that the experimental verification of this popular 
belief. In order to characterize the constructive cul-
ture of land in San Cristobal de Las Casas, Chiapas 
(Fig. 1) was raised a phase of the project focused on 
the scientific evaluation of the behavior of the pine 
needles in the adobes through a series of essays.

However, due to the fact that Mexico does not 
have Official Technical Standards that they con-
sider the study of constructive materials of earth, 
requested the support of the Laboratory of con-
struction of the University of Valladolid, Spain, 

1 INTRODUCTION

The use of earth as a building material goes back 
to the first solutions used for shelter the man from 
that developed his activity in a sedentary form and 
for much of his history, in its search for utilize the 
materials offered by nature.

As a result, the man through the time he became 
acquainted with the characteristics of the soils and 
learned how to improve them through its combina-
tion with other materials of animal, vegetable or 
mineral to increase its strength and durability.

The whole process involving the earth building 
techniques, such as the extraction of local soils, 
mixed with fibers and implementation of con-
structive systems have been adapted from the most 
appropriate way in response to the habitat needs of 
man and its built environment.

The techniques have similarities from one region 
to another, but each one has local characteristics. 
In the case of the housing in the region known as 
the Highlands of Chiapas, southern Mexico, the 
adobe that makes up its basic structure has high 
concentrations of clays that make it highly reactive 
to changes in humidity and above all, during their 
manufacture usually occur deformations and crack-
ings derived from its drying process. It is in general 
of soils that correspond to the type •CLŽ within 
the within the unified system of soil  classification 
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because, in addition to count since 2008 with an 
official standard for the development of Com-
pressed Earth Blocks, have developed various 
methodological experiences essaying adobes.

This text details the work carried out during the 
stay of research in the laboratory of construction 
of UVa, where different essays were developed, such 
as resistance to strength, compression and capillary 
absorption in stabilized adobes with pine needles.

The livelihoods of these essays were developed 
on the basis of the adaptation of Spanish stand-
ards for associated materials (brick and BTC) due 
to the lack of standards specifically focusing on 
adobes in Spain.

The norms used were:

1. Flexural strength test. UNE-EN 528
2. Compressive strength test. UNE-EN 772-1:2002
3. Water absorption by capillarity test. UNE-EN-

772-11:2001

2 MANUFACTURE OF THE ADOBES

To perform the laboratory essays were required the 
manufacture of traditional adobes. To get it, one 
came to the locality of Cuenca de Campos, Val-
ladolid, Spain, where one was provided with the 
technical support of Mr. Antonio, local bricklayer 
and connoisseur of the manufacture of these con-
structive components.

A key variable in the practical work turned out 
to be the employment of pine needles, commonly 
known in Castile and Leon as tamuja, instead of 
the straw that is used as a stabilizer in adobes in 
the regional constructive tradition. However, there 
were pieces manufactured both tamuja as straw to 
comparatively evaluate their behaviour in labora-
tory essays.

Adobes were made with pine needles from 
Cuenca de Campos as Valladolid since at that time 
the species was not known to which he belonged. 
However, the analysis that there were later led to 
the conclusion that both belonged to the same spe-
cies of pine, called pinus pinea commonly known 
as pine piñonero.

The raw material used to make the bricks, was 
extracted from the terreras (denomination to the 
place where extracted the earth for the manufac-
ture of  adobes) which since ancient times have 
served as a source for production. Once land 
transported by wheelbarrow to the workplace 
was ground manually to completely disintegrate 
the clods as it is known to contain a high propor-
tion of  clay, which must be distributed uniformly 
in the raw material.

The dosage that traditional for the manufac-
ture of adobes incorporates a volume of fiber for 
every three of land for what was taken as the basis 
in the process. To every 6 shovels of earth it was 
added 2 of pine needles and 15 liters of water with 
what were obtained three adobes of approximately 
35 × 17 × 8 cm.

To the dry the mixture of earth and the fiber was 
added gradually the water up to give you a plas-
tic consistency. In the process of mixing is used a 
shovel and a hoe. Once the mixture is whipped is left 
at rest for 2 hours so that all the components will be 
integrated and that the water will activate the clays.

For the manufacture of adobes, used a mold of 
wood in which it is locally known as macal. The 
molds must be perfectly moistened to prevent them 
the mixture sticking and they should rinsed continu-
ously so that the material adhered not to obstruct 
the proper removal of the parts. The mold is placed 
on a dry floor and proceeded to fill it progressively, 
distributing the mixture with your hands and lightly 
tapping to prevent the generation of voids. (Fig. 2)

Figure 1. Constructive typology of San Cristóbal de las 
Casas, Chiapas, México (Jiménez).

Figure 2. Manufacture of adobes in Cuenca de Cam-
pos, Valladolid, Spain (Jiménez).
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The surface is leveled up by hand to maintain the 
height of the mould and removed the excess mix-
ture. Once leveled, took the mould of the handles 
and lifted carefully of a single pulse for the adobe 
remains seated on the ground without deformation.

Drying of the adobes in its position of demould 
was five days, after the pieces were placed on edge 
for that would be aired on all sides. He was given 
10 days of drying and was transported to the labo-
ratory of the University of Valladolid where they 
continued their drying process by 20 days more.

Then there was the characterization of the 
pieces according to their composition, which were 
classified as follows:

Š A: Adobes with needle of pine of Cuenca de 
Campos (to see table 1)

Š B: Adobes with needle of pine of Valladolid (to 
see table 2)

Š C: Adobes with straw (to see table 3)

The pieces of each type were measured and 
weighed, obtaining its volume and density, infor-
mation that focused on tables according to the type 
of adobe.

3 FLEXURAL STRENGTH TEST 
OF THE ADOBES

To realize this assay took a piece of each type of 
adobes (A1, B1, C1). For performing the essay 
produces a format where mark the length of the 
part which is identified with L and 1/3 L, traced on 
a paper that served as a measurement reference.

Subsequently the format was placed on a rigid 
table that is supported at the ends and continues 
with the following provision:

The layout of the support rollers is 1/3 of the 
total length of the piece, starting from the ends of 
the work piece, on these the work piece is placed 
ensuring that adobe is centered. In the shaft of the 
adobe was placed another metal roller to transmit 
the load evenly along cross shaft.

At the ends of this roller is holding two wires, 
which support a container that is loaded gradually, 
until you reach the breaking point of the adobe. 
Once this occurs is weighed the burden and this 
determines the value of the resistance. (Fig. 3).

Table 1. Classification of adobes with pine needle of 
Cuenca de Campos.

Table 2. Classification of adobes with pine needle of 
Valladolid.

Table 3. Classification of adobes with straw.

Table 4. Weight of materials and total load in adobe•s 
type A1.

Figure 3. Disposition to realice Flexural strength essay 
(Jiménez).
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The test pieces were termed as follows:
A1: Adobes with pinne needle of Cuenca de 

Campos (pine piñonero). The initial weight is 
26.20 kg that corresponds to bog container with 
earth, and then it was adding load gradually. The 
concrete specimens were adding, by failing to make 
the break, bricks were added 1.5 kg each, one by 
one and on arrival at the brick number seven, 
occurs the part breakage, enduring a total load of 
98.88 kg. Table 4 describes the order and respective 
weight of each material.

B1: Adobes with pine needle of Valladolid (pine 
piñonero). In second place was essayed the piece 
B1, which was composed of pine needles collected 
outside of the School of Architecture. The pro-
cedure performed was the same as that described 
in the previous piece. It•s placed an initial charge 
of 26.20 kg and successively increasing the weight 
until you reach the breaking point (Table 5).

C1: Adobes with straw. Finally, we analyzed 
the piece containing straw, starting again with the 
weight of 26.20 kg big container of earth. Then 
gradually increase the weight with concrete speci-
mens, reaching a total of 5, supporting up to that 
time a charge of 88.39 kg (Table 6). The pieces of 
brick of 1.5 kg c/u were subsequently added, arriv-
ing to use a total of 21 pieces, the break to occur a 
total load of 119.88 kg (Fig. 4).

4 COMPRESSIVE STRENGTH TEST 
OF THE ADOBES

In order to understand the resistance to compres-
sion, the Standard UNE 41410, compressed earth 
blocks for walls and partitions determines the 
essays to perform. In its section 5.6 explains that 
the manufacturer must clarify the standard resist-
ance to compression of the BTC in N/mm2 and 
for the determination of the resistance must be fol-
lowed the procedure described in paragraph 8.2.

Figure 4. Breakage of Adobe C1, supporting a load of 
119.88 kg (Jiménez).

Figure 5. Compressive Essay pieces of adobe in hydrau-
lic press of 4.0 kN/sec (Jiménez).

Figure 6. The breakage of the adobes is slow and the 
side faces are fissure in a principle (Jiménez).

Table 5. Weight of materials and total load supported 
by adobe•s type B1.

Table 6. Weight of materials and total load supported 
by adobe•s type C1.
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Paragraph 8.2 indicates that you for the cal-
culation of the resistance follow the procedure 
described in the standard UNE-EN 772-1:2002, 
which mentions that it is necessary to facing the 
faces, to have a surface flat, by which in the faces 
of the adobe is they put sheets of cardboard in 
order to confer smooth surfaces.

To perform the essay, is used a universal essay-
ing press. The upload speed was 4.0 kN/sec. The 
machine is equipped with an automatic system that 
stops the increased load once a break occurs by 
exhaustion to compression of the pieces, recording 
the maximum values of load resisted.

Once started the essay with the piece A2 occurred 
that the machine did not detect the break point as 
happens with rigid parts such as concrete specimens. 
The structure of the adobe will be breaking down 
slowly so that it does not detect this critical point, as 
this is a plastic material to be deforming slowly and 
does not present an instant collapse (Fig. 5).

The essay was repeated with the blocks B2 and 
C2, detecting the resistance that marked the board 
at the time you begin to see the cracks and defor-
mations, in a range that occurred among 15 to 
17 kN (Fig. 6).

5 ESSAYS OF WATER ABSORPTION 
BY CAPILLARITY

This essay is based on the standard UNE 41410 for 
compressed earth blocks for walls and partitions, 
which determines the essays to perform for the 
development of manufacturing specifications. The 
rule mentioned in paragraph 5.9, which the manu-
facturer must declare the Cb absorption coefficient 
of water by capillarity of a sample of pieces that are 
intended to outdoor elements with the face side.

The adobes were manufactured only as they added 
the pine needles and straw, without any other type of 
stabilizer, so with this test we will know the mois-
ture content that the pieces will have or the different 
absorption capacities of the faces of the pieces.

The UNE 41410, describes that for this test, it 
will continue the procedure in accordance with the 
UNE-EN 772-11:2011. The norm makes mention 
that the parts must be in temperature conditions 
of the laboratory, so it was not necessary introduce 
them in the oven, because they had sufficient dry-
ing time and to the required temperature.

Prior to the test, a visual examination of 
the pieces is performed; they are measured and 
weighed. Parts subjected to this test are A3, B3 
and C3. After that, the blocks were submerged 
in a container with water, with a depth of 5 mm. 
The dive time was 10 minutes; then the piece is 
removed and flipped over and is weighed to know 
the amount of absorbed water. Heights dry are 

recorded, which gives us an idea of the ease that 
has had the water to ascend by capillary action in 
the sample. (Fig. 7).

It should be located a key factor: block, to be 
composed of raw Earth and come into contract 
with water, is disintegrating and lost material, so 
that the weight of the wet block, does not cor-
respond to the dry block weight more absorbed 
water. (Muñoz de la Calle, 2010).

It is important to mention that in the rules of 
BTC almost all sections are similar to the rules 
of baked brick, and we know that this is a stable 
material, does not have the same reactions that the 
earth blocks or adobes to be immersed in water.

Therefore in order to be able to compare weights, 
it is necessary to enter the blocks back in the oven 
for 72 hours. With this operation is known the 
value of the gain of water by capillarity, as well 
as the value of the loss of mass by introduce the 
sample 10 minutes in 5 mm of water. The value of 
the loss of material is not mentioned in the rules 
of BTC and is an important piece of data to char-
acterize the pieces (Table 7). The following results 
were obtained:

6 CONCLUSIONS

Regarding to the flexural strength, it was observed 
that the straw form an internal link stronger 

Figure 7. Essays of water absorption by capillarity in 
adobes.

Table 7. Table of results obtained from the tests of 
water absorption by capillarity.
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between if, its particles are more united and more 
forming a small internal framing that gives it greater 
resistance to difference of the pine needles that are 
elongated and are farther apart between if.

In the compressive strength test the ranges 
obtained were 15 up to 17 KN where it can be 
observed how the structure of the adobe will be 
breaking slowly and is not detected that critical 
point as a concrete specimens, as being a plastic 
material, going by deforming slowly and does not 
present an instant collapse.

Finally, the testing of water absorption, highlights 
the fact that adobe to be immersed in water and 
without any stabilizers of the type lime or cement, 
in addition to absorb water, lost material by disinte-
gration, data does not considered the norm for the 
test, it is then necessary to introduce the samples in 
the oven after having been introduced in water. And 
it is noted that the adobes have a slight increase in 
weight to absorb the water and the adobe that it is 
with little more weight loss is the straw, since after 
drying your weight was 6.965 kg.

The use of the Standards for BTC was of great 
help, however it is advisable to have a specific rule 
for adobes, already even though it is an element of 

earth, the behavior is very different from the BTC 
and the baked bricks. And finally, it was concluded 
that the realization of these tests was the basis for 
establishing a methodology for conducting the 
tests with the pine needles (pinus oocarpa) and the 
land of Chiapas.
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ABSTRACT: The aim of this work is to perform a study for a vernacular house from indigenous ori-
gin Guarani, the •Culata YovaiŽ. This vernacular typology is found in the Paraguay and Paraná humid 
subtropical basin rivers, being characterized by three equal spaces aligned and covered by one roof. The 
central space is a passage. The two rooms aside have each one a window and a connecting door to this 
open space. Inside it, undergo the family activities due to the good ventilation and solar protection. A 
case example of a house sited in Paraguay near the Brazilian frontier is analyzed. A Brazilian biocli-
matic standard is employed. Solar irradiation, illuminance and natural ventilation to provide comfort 
and indoor air quality are considered. The obtained results are in accordance with strategies from the cli-
matic zoning. The assumed architectonic strategies along the year to attend the climate and socio-cultural 
requirements are also emphasized.

architecture is concerned, this is a complex climate 
and requires certain building design flexibility. 
Normally the open central space of the house and 
the two windows are oriented to the Northeast-
North in order to capture the summer dominant 
winds. Beside this, the longitudinal East-Northeast 
principal axis orientation, contributes to reduce 
solar gains of the façades.

Natural ventilation through the central house 
space can contribute to increase comfort condi-
tion by means the Venturi effect. The wind speed is 
increased by a pressure reduction, permitting this 
space be well ventilated and creating an increase 
in negative pressure to draw stagnant air from 
both rooms. During the hot season, this convivial 
central space can provide comfort conditions for 
the users. Each room has only a small window to 
maintain privacy and security. During the summer 
nights, closing the windows because of security 
reasons or to prevent insects may be problematic. 
During winter the predominant winds from South 
are forbidden to flow across the central space by 
means of doors.

The traditional construction system starts 
erecting the wood structure (pillars and beams) 
to support the roof, that is followed by the walls 
construction. In rural sites, local climatic-adapted 
building materials are employed: adobe and straw 
in the Chaco region; blaster and straw in Guairá; 
wood and straw in Amambay; and ceramic mate-
rials in the central Paraguay central region due 
exhausting raw materials, (Herreros, 1984).

It can be considered that this vernacular typol-
ogy is responsive not only to the environmen-
tal conditions, but also to the social and cultural 

1 INTRODUCTION

The vernacular rural house known as •Culata 
YovaiŽ has the meaning of •habitat with faced 
twin roomsŽ, according the Guaraní, one of the 
languages spoken in Paraguay.

It consists of a symmetric construction com-
posed of three aligned and covered rooms: a cen-
tral open space and two opposite aside rooms 
connected with it by interior doors. The people go 
across and the family day activities are made inside 
this central space (Fig. 1). Also, a pergola can be 
found as an extension for this open space. The 
kitchen (or stove) and bathroom are always sited 
out the house, located in the nearly terrain.

There is no evidence whether this vernacular 
typology came from the ancient indigenous com-
munal Guarani habitat known as •tapy• or it was 
an evolution from the colonial Spanish house model 
adapted to the climate (Herreros 1984, Sánchez 
2011). The first published documents about this 
fact date from 1792 (Azara 1904) as well as from a 
1816 engrave description •rancho criolloŽ (Rengger 
2010).

Nowadays, this vernacular typology is continu-
ously used in this South American rural region. 
Also, are present in the city borders some low 
income houses built from architecture lectures to 
maintain certain required inherent social and cul-
tural aspects. Thus, new materials or variant lay-
outs are being considered under a strong influence 
of urban and foreign architecture styles.

The predominant climate is subtropical humid in 
this region, characterized by hot and humid sum-
mers and cool winters with heavy rains. As long as 
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characteristics of the inhabitants. Actually, peasants 
spent almost all day-long out home. Indoor activi-
ties are only reduced to sleep and store materials 
and food. Thus, the familiar outdoor activities are 
developed without restrictions, contrary to the 
cases encountered in urban regions. Thus to cook, 
to eat or to nap outdoor are welcome. This perhaps 
explains the house lay-out and the other formal 
characteristics. This vernacular architecture per-
mits a fairly landscape vision by means the exist-
ing open central multiuse space of the house. This 
transition space creates a bridge across indoor and 
outdoor ambiences: shadow graduation and com-
fort adaptation conditions.

All these points explain why this vernacular 
typology is yet been in use by peasants or welcome 
from low-income people in this region. Generally, 
in the urban context this typology is not dissemi-
nated. However due to intellectuals, rentiers and 
social programs several initiatives to rescue this 
typology as a cultural symbol are in progress. Thus, 
following this, low-income shelter programs are 
being conducted in rural and suburban areas, and 
also detached houses are being built by medium or 
high social classes. This success for this architec-
ture review can be explained by the importance is 
being done to its cultural identity, environmental 
and bioclimatic response and sustainability. Con-
sidering the segment of low-income house, people 
who intended to occupy it came from rural places 
and now inhabit the boundary layer city zones. It 
is reasonable some lectures from the vernacular by 
architects to attend the social requirements from 
the low-income people. But, there is an inher-
ent responsibility to translate the vernacular for 
new architecture models. Thus, it can be taken in 
account that it is required some effort to study this 
vernacular peasant house, related with its behavior 
while sited in the original rural area. The on-site 
field research acquires importance to obtain the 
required climatic data, topography, geometric and 
materials house data. From these collected infor-

mation is developed a virtual model in order to be 
analyzed its responsive characteristics.

Also, due to tropical diseases as the Chagas syn-
drome it can be considered that the new construc-
tions must to attend sanitary conditions to provide 
human health, by means the selection of adequate: 
building materials, surface finishes ceramic tiles 
and floors (Léon, 1990).

2 CASE STUDY

2.1 The house selected and site implication

In order to analyze a case study, a rural fam-
ily house of the Culata Yovai type was selected, 
located in Paraguay, on the Caaguazú depart-
ment (25°24•36.85ŽS; 55°29•6.13ŽW); 315m above 
the sea; flat terrain, with vegetal creep covering 
(Figs. 2…3). This chosen region is near the Brazil-
ians frontier and the Foz de Iguaçú city.

The house has three equal modular room spaces 
(4.0m x 4.0m x 2.3m), covered with two 60% 

Figure 2. Geography region site in the Paraguayan 
department of Caaguazú (Google Earth).

Figure3. Site and vegetal roughness aspects for the 
Culata Yovai site (Google Earth).

Figure 1. Example of a house typology Culata Yovai 
(Boettner).
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standard also recommends low inertia roofs and an 
envelope with light insulation. In winters, the strat-
egy is to increase the envelope thermal inertia, solar 
heating, and protection from cold winds. Beside 
these, some calculation procedures are presented to 
aid design conception. Following this procedure, it 
is in part possible to verify whether the built archi-
tecture and materials are climate responsive.

It can be considered that some more advanced 
aspects related with natural ventilation process and 
some requirements to improve it, depend on the use 
of CFD, and can be object for others researches. In 
this paper, the air flow analysis considers the pres-
sure coefficients around the house from references 
and the Venturi effect inside the transitional open 
space. The house chosen as a case has principal 
façade NNE oriented and turned to the dominant 
summer winds. The average value for the wind 
velocity incident on the house top is obtained from 
the meteorological site, and corrected with a loga-
rithm profile and roughness for the building loca-
tion (Allard et al, 1998), see Equation 1.

Vh = Vm. � (zo).ln(h/zo) (1)

Where:
h: height of the house top ( = 2,3m);
Vm: average wind speed at meteorological sta-
tion, at 10m height ( = 5,15m/s);
zo: roughness countryside ( = 0,25);
� (zo): country side and spread habitat coeffi-
cient ( = 0.21).
The air flow rate Q(m�/s) for the central open 

space and also for the two rooms can be obtained 
from Equation (2):

Q = Cd. S. Vh [(Cp1…Cp2)] ½ (2)

Where,
A1, A2: equal inlet and outlet flow areas for 
the open central space area (4 × 2.3) m�; and for 
windows (0.9 × 1.0) m�;
Cd: infiltration factor ( = 0,6);
Cp1, Cp2: average pressure coefficients at the 
opposite building façades (+0.7) and (-0.25), 
and respectively, according CSTB, (Fauconnier, 
1988);
S: obtained as (1/S� = 1/A1� + 1/ A2�).
According to Blessmann (1978), from wind exper-

iments with models performed by Wíren (1975), it 
was obtained a 75% increase of velocity for the air 
flow through a ground floor open passage in a build-
ing, and the presence of negative pressures near the 
inlet on the passage walls. These results corroborate 
to the described family usage in this house typology.

Calculating thermal loads and the available 
rates of flow by natural ventilation in the cor-
ridor and indoor rooms (Equation 2), is possible 

Figure 4. Characteristics and dimensions of Culata 
Yovai implantation site (Jiménez).

Figure 5. Relationship between prevailing winds and 
the layout planning (Jiménez).

inclined roofs. The central room space is open 
to outside and is connected to the both opposite 
rooms by doors. People utilize the central open and 
covered space during several activities. The twin 
rooms have each one a window (0.9 m × 1.00 m) 
and are oriented to the NE. The connecting doors 
are (0.8m x 2.00) (Fig. 4).

As mentioned, the bathroom and kitchen are 
built outdoor, detached from the house. In this 
geographical region the roof is made of straw built 
on a wooden supporting structure.

The climate data are from the nearest meteoro-
logic station: Dirección Nacional de Aeronautica 
Civil„Dirección de Meteorología e Hidrología„
Estación Cnel. Oviedo. January is the hottest month 
(wind average velocity 5.15 m/s, from NNE). Rainy 
winds from S (270°) and velocity 4.89 m/s. Day 
lenght: 13:45h. Š3GMT (Fig. 5).

2.2 Methodology

In order to establish a bioclimatic analysis for this 
house, it is assumed that climatic conditions are the 
same in each side near from the two countries fron-
tier. Then it was used as reference the Brazilian stand-
ard NBR 15220 (2003), which defines this region as 
inside bioclimatic zone 3, and presents some design 
strategies for low income family houses. Thus, it is 
prescribed during summer to utilize natural ventila-
tion by wind pressure differential, provide medium 
open windows, and window solar shading. This 
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to verify whether thermal comfort conditions for 
the users meet the Brazilian standard NBR 6401. 
To this intent, the solar irradiation on the enve-
lope façades has been obtained from the software 
RADLITE, (Castro et al, 2002), besides the indoor 
natural illuminance levels through the windows.

3 RESULTS AND DISCUSSION

An occupation of 6 persons per room has been 
considered with summer ventilation conditions. 
The resulting values for the rate of air flow inside 
the twin rooms (2.18 m�/s) is higher than required 
by the standard for comfort (0.19 and 0.32 m�/s) 
and indoor air quality (0.0276 m�/s). Inside the 
central open room, flow conditions due to Ven-
turi effect (8,74 m�/s) are good. The majority of 
houses with this vernacular typology has only 
a window per room and oriented to the winds 
from North„Northeast. The opposite South 
façade under winter rain winds is blinded and the 
obtained air infiltration into the rooms is 0,069 
m3/s, BS 5925 (Allard, 1998), and satisfies indoor 
air quality. Despite no real occupation during the 
day, the rooms can be provided with natural light-
ing for handmade works and visual comfort, being 
required 500 lux, from NBR 5413. In simulations 
are assumed following reflectance values: 70% 
wood walls, 20% ceramic floor, 50% straw cover. 
Illuminance levels are obtained for a central point 
inside the room at 0.7 m height from the floor, dur-
ing 8:00 h up to 17:00 h on January, under clear 
sky conditions. The required illuminance level is 
attained at the 9:45…13:00 h period under clear sky. 
During a winter day, depending on sky conditions, 
the results indicate low illuminance levels, requir-
ing additional artificial lighting sources.

4 CONCLUSIONS

The performed study on the typology of the vernac-
ular house Culata Yovai reveal the importance of 
an applied research to identify architectonic char-
acteristics, and to obtain data to promote new low-
income houses projects, in accordance with climate 
and socio-cultural demands. The bioclimatic strate-
gies dictated by the Brazilian standard for a similar 
climatic zoning seem to fit with the characteristics 
found from the house under analysis in Paraguay. 
The building performance depends on the climatic 
conditions along the year. During summer solar 
shading, low inertia envelope and natural ventila-
tion by pressure difference on façades are required. 
In the contrary, winter requires high inertia, solar 
gains, and reduced ventilation. The challenge for 
architecture conception for new low-income houses 

is to reach a balance between building performance, 
human comfort, and socio-cultural requirements. 
In order to continue with the study, more emphasis 
need to be done on simulation studies with ther-
mal and CFD tools to analyze the base vernacular 
case and to improve design alternatives. Some field 
research may also be improved to study human 
indoor comfort during the hot and cold seasons for 
this vernacular house.
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Teaching the vernacular: Lessons for a local sustainable architecture 
in Chile
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ABSTRACT: The course •Architecture without architects and traditional technologiesŽ (following 
Rudosfky•s book of the same name), taught in the second year architecture degree at the Universidad de 
Chile in Santiago, is an initiative to study the vernacular architecture and the lessons that can be drawn 
from it for contemporary sustainable living. Through the analysis of several examples of vernacular archi-
tecture in Chile and the world the course aims to introduce students to the study of local traditional build-
ing design solutions and systems and in the understanding of the close relationship between environment, 
available natural resources, culture, architecture and technology. This study of vernacular architecture 
contributes to the initial training of future architects. The aim of the paper is to share this academic expe-
rience and to reflect on the need to introduce these topics in the teaching of contemporary architecture.

inexpensive design solutions that are energy effi-
cient maintain a strong respect for the territory 
and its natural resources. All these characteristics 
constitute a benchmark for contemporary archi-
tecture and an important object for the training of 
future architects.

2 THE BREAK BETWEEN TRADITION 
AND INNOVATION IN THE TEACHING 
OF ARCHITECTURE IN CHILE

In Chile despite the emphasis on globalization 
there are still many examples of vernacular archi-
tecture that respond to the climatic, geographic 
and cultural diversity that characterizes such an 
extensive territory as Chile. Some of these exam-
ples are considered as important cultural heritage, 
such as the architecture of the Andean plateau in 
the north and of the island of Chiloé in southern 
Chile. Many other existing examples are not rec-
ognized although they are widespread in many 
rural and isolated towns. Nonetheless the research 
conducted by the Institute of History and Herit-
age of the Faculty of Architecture of the Univer-
sidad de Chile has played an important role in the 
enhancement and teaching of traditional Chilean 
architecture. Over the last 20 years courses such 
as •Regional Chilean ArchitecturesŽ (prof. Sali-
nas) and •Chiloé LaboratoryŽ (prof. Goldsack), 
are part of the curriculum of Architecture which 
contribute to developing an understanding of the 
importance of safeguarding this heritage for the 
future architects.

1 INTRODUCTION: WHY TEACH 
VERNACULAR ARCHITECTURE?

Among some of the results of industrialization and 
globalization we face the consolidation of a con-
temporary architecture uprooted from its context. 
The teaching of a globalized architecture, with 
very similar curriculum worldwide, follows the 
principles still anchored to the modern paradigm 
of overlapping standard design solutions without 
any reference to context.

Standard architectural and technological solu-
tions are combined with a construction industry, 
one of the most polluting in the world, alongside 
urbanism that indiscriminately consumes soil and 
natural resources, devours energy, concentrates 
pollutants and reproduces poverty in the suburbs 
of the cities (Magnaghi 2000). Therefore there is no 
doubt that we are facing a crisis of contemporary 
architecture and where sustainability is heralded as 
a solution but one that is often badly understood. 
These issues force us to think how we are teaching 
architecture in the XXI century.

In this context vernacular architecture is being 
rediscovered as a model of the sustainable devel-
opment of habitats in environmental, cultural and 
economic terms, as •it is the fundamental expres-
sion of the culture of a community, of its relation-
ship with its territory and, at the same time, the 
expression of the world•s cultural diversityŽ (ICO-
MOS 1999). Today a new appreciation towards 
vernacular architecture focuses not only on the 
value of identity, as it was in the past, but also as 
an example of sustainable habitat. The simple and 
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However, as often happens in developing coun-
tries under significant processes of territorial 
transformation, •conservation polices have been 
considered an obstacle to developmentŽ (El-Kha-
lili 2005) and therefore, architectural education is 
deeply orientated towards new design projects that 
do not consider the incorporation of or rescue of 
traditional architecture. Hence, there is a complete 
break between tradition and innovation in educa-
tion. This is then reflected in professional practice 
where there is a manifestation of a dramatic con-
trast between contemporary and traditional archi-
tecture even when they coexist in the same place 
(Fig. 1).

The main problems presented both in architec-
tural education and in practice in Chile are:

… The presence of design solutions identical 
throughout all the territory, ignoring environ-
mental and social differences into which they are 
inserted.

… Planning is only practiced in urban areas, leav-
ing the numerous rural regions without any 
chance of having good quality architecture and 
without any management of resources. In fact 
the definition of •ruralŽ in the national Gen-
eral Planning and Building Ordinance is just 
•territorial area which is outside the city limits 
or any urban extensionŽ (O.G.U.C. 2008). This 
leaves these areas very vulnerable to unplanned 
development.

… Recent concern for sustainability has led to the 
incorporation of artificial artifacts and high 
technologies, which are often uneconomic and 
difficult to appropriate by the community.

Therefore it is necessary to build a bridge 
between tradition and innovation, understanding 
that Chilean architectural heritage is not only a 
static legacy to be preserved but also as a reference 
for a more appropriate and sustainable contempo-
rary architecture. Innovation is possible through 

the reinterpretation of Chilean heritage and not 
just by copying foreign models and incorporating 
technological solutions to the problems that they 
create. As Hassan Fathy states (1973) •...tradition 
has a creative role to play, for it is only by tradition, 
by respecting and building on the work of earlier 
generations, that each new generation may make 
some positive progress toward the solution of the 
problemŽ.

3 THE COURSE •ARCHITECTURE 
WITHOUT ARCHITECTS AND 
TRADITIONAL TECHNOLOGIESŽ

3.1 Educational objectives

In the last 20 years there have been many aca-
demic initiatives worldwide that look at traditional 
architecture as a benchmark for contemporary 
architecture. Just to give an example, in the spe-
cific field of the teaching of earthen architecture, 
there is a •great universal effort of education for 
the conservation of earth architectural heritageŽ 
because it is understood that it contributes to the 
•implementation of sustainable developmentŽ 
(Achenza, Correia & Guillaud 2009). In Chile this 
is a recent issue that became of interest after the 
last big earthquake of the 27th of February 2010. 
That earthquake affected the most populated area 
of Chile where there are many rural villages rich 
in traditional earthen architecture (Jorquera 2010). 
The reconstruction process, still in progress, has 
demonstrated the lack of experts in conducting a 
process of the recovery of traditional architecture 
and the construction of appropriate new architec-
ture in rural contexts. This lack of professional 
knowledge highlighted the absence of issues con-
cerning traditional architecture in the training of 
architects, engineers and builders.

Therefore, during the first semester of 2012, the 
author proposed the course •Architecture without 
architects and traditional technologiesŽ borrowing 
the name of the famous book of Rudofsky (1973). 
This course offered students in the 4th semester 
of Architecture at the Faculty of Architecture 
and Urbanism of the University de Chile and was 
created with the idea of enhancing vernacular 
architecture as a benchmark for sustainable con-
temporary architecture.

An important aspect of this course is that these 
issues are usually studied in specialized postgradu-
ate courses. In this case it was considered important 
to introduce the topic in the initial stages of the 
formation of the future architects in order that it 
becomes a basis for the understanding of the built 
environment and the legacy of traditional architec-
ture. This is now a regular course of Architecture 

Figure 1. Santiago•s downtown (Natalia Jorquera).
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with the duration of 18 weeks, with 4.5 hours per 
week and 7.5 credits.

The objectives of the course are intentionally 
straight forward corresponding to the basic goals 
of forming an architecture student. The idea is at 
the end of this course each student will be compe-
tent in following (Jorquera, unpubl.):

… The understanding of the close relationship 
between architecture and environment.

… The understanding of the relationship between 
environmental and cultural requirements and 
the use of certain materials and the development 
of some building technologies.

… The understanding that vernacular architecture 
is the result of multiple environmental and cul-
tural factors.

… The recognition of traditional building systems, 
their basic materials, properties, and design 
strategies.

… The ability to observe and analyse existing ver-
nacular architecture, recognizing their principles 
of sustainability.

… Being able to determine basic design param-
eters for contemporary architecture in a local 
context.

… With the excuse of studying and analysing the 
vernacular architecture the student can explore 
many topics such as sustainable development, 
green building, energy efficiency, social welfare, 
local economy, etc.

Through the study of  vernacular architecture 
from different regions of  Chile and the world 
the course reveals how the environment with its 
climate, geography and available resources deter-
mines the cultural and technical responses of 
humans to adapt to such an environment. Climate 
is a key factor that determines the design parame-
ters adopted and the availability of  resources that 
are then used as building materials. To give two 
examples; in arid climates with limited resources, 
the architecture is compact with thick walls and is 
built mainly with earth or stone, instead in rainy 
tropical climates where vegetation is abundant, 
the architecture is open, often elevated from the 
ground and is built on timber structures. Through 
the analysis of  traditional Chilean architecture 
this differences are very evident, where in the 
northern desert the architecture is compact and 
built with earth, in the central area where the cli-
mate is template, architecture is built with earth 
and wood and in the cold and rainy south, full 
of  forests, the architecture is completely timber. 
For this reason the case studies are classified by 
climatic region.

Important lessons for environmental sustain-
ability can be investigated through the detailed 

analysis of the location, orientation, thickness 
and materiality of the walls, inclination of roof 
pitch, direction of the openings, etc. Furthermore, 
through the analysis of social relations, physical 
and spiritual needs and productive activity, it is 
evident that vernacular architecture is also socially 
and economically sustainable. So, in the words of 
the architectural historian Paul Oliver, vernacu-
lar architecture will be necessary in the future to 
•ensure sustainability in both cultural and eco-
nomic terms in the short termŽ (Oliver 1997).

It is important to say that all examples of ver-
nacular architecture analysed correspond to real 
case studies that are also inhabited today. This dem-
onstrates that vernacular architecture is a present 
reality in many parts of the world and therefore it 
constitutes an interesting field of action for future 
architects.

A final important aspect of the course is to doc-
ument heritage that in many cases is threatened of 
extinction •by the forces of economic, cultural and 
architectural homogenisationŽ (ICOMOS 1999).

3.2 Teaching and learning method

The course is structured in three sections:

a) •Key conceptsŽ is a short section where the stu-
dent is introduced to the key concepts of the 
course, such as •vernacular architectureŽ, •her-
itageŽ and •sustainable development.Ž

b) •Vernacular Architecture of Chile and the 
worldŽ, is the key section of the course and it 
takes many weeks. Every week a real case study 
is analysed, starting from the analysis of the 
environment and culture, to reach the architec-
ture, technology and construction details. Case 
studies are presented and sorted by climatic 
areas in order to understand the availability 
of certain natural resources and the origin of 
building technologies.

c) •Lessons from vernacular architectureŽ, is the 
last section of synthesis, in which the lessons 
learned from the revised cases are analysed for 
a sustainable contemporary architecture. From 
their knowledge of vernacular architecture stu-
dents can design parameters that respond to 
every different climatic zone. Some contempo-
rary architecture that corresponds to the envi-
ronmental and cultural context where they are 
inserted is also revised under sustainable criteria.

The course has three types of lessons: lecturers 
by the professor, field trips to analyse cases studies, 
and roundtable discussions.

Another important part of the course is the 
research work carried out by students throughout 
the entire semester. In this, students choose a case 
study to analyse in terms of environment and culture 
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including architectural and technological detail, 
while discovering issues of sustainability. This anal-
ysis follows a systemic approach, understanding 
that to analyse the vernacular architecture •A deep 
interdisciplinary method of analysis is required that 
includes the architecture as part of a system that has 
to be studied along with, and not detached from, its 
environment..Ž (Mecca & Jorquera 2009).

The student•s research is divided into three 
phases, which are share with the entire course. The 
first two phases involve analysis while the third is a 
proposal, where students must design a contempo-
rary intervention in the region studied through the 
design parameters learned from vernacular archi-
tecture. The study of these cases aims to make stu-
dents aware of the importance of a design process 
that responds to local environmental and cultural 
requirements, with the goal of avoiding repeating 
standard architectural solutions that do not respect 
the context in which they are inserted.

Cases studies can be Chilean or from the rest of 
the world. At the beginning of the first course the 
study of only Chilean was considered to promote 
a fieldwork. However it was decided to extend the 
analysis to worldwide cases for two reasons: because 
the examples of different Chilean vernacular archi-
tecture were not enough for the number of students 
of the course (between 40 to 60 students per semes-
ter) and because worldwide there is a great climate 
and cultural diversity that makes the study of foreign 
examples of vernacular architecture interesting.

During the 4 semesters the course has been 
taught, students have analyse 38 cases of •livingŽ 
vernacular architecture in five continents as detailed 
below: 4 Chilean examples (Caspana in Antofagasta 
region, Choapa in Coquimbo region, Cocalán in 
O•Higgins region and Pewenche in Bío-bío region); 
12 examples in the American continent (Warao, 
Piaroa and Yanomami of Venezuela, Shuar of 
Ecuador, Koguis of Colombia, Urus and Chipayas 
of Bolivia, Garífunas of Honduras, Ollantaytambo 
and Tarapoto of Peru, Enawene Nawe of Brasil and 
Baffin of Canada); 5 European examples (Thera 
of Grecia, Monsanto of Portugal, Teito of Spain, 
Saami of Laponian territory and the houses of the 
French Alps); 5 African examples (Dejneé in Mali; 
Tuareg; Matmata in Tunisia, Masai of Kenya and 
Musgum of Cameron); 9 Asian examples (Bhote 
Lhomi of Nepal, Tolou of China, Malaysian hous-
ing, Yurts of Mongolia, Tongkonan and Rumha 
Adat of Indonesia, Khuri of Jaisalmer, India, Yupik 
of Russia, Ma•dan of Iraq); 3 examples from Oce-
ania (Korowai of Papua Nueva Guinea, Kanak of 
New Caledonia and the Samoa Islands).

Below, two examples of Chilean vernacular 
architecture will be presented. The first is the 
Pewenche housing in southern Chile, a research 
conducted by a group of 6 students (Cerda, Díaz, 

Muñoz, Ponce, Riveros & Salvo) during the sec-
ond semester of 2012. The second is the Caspana 
housing in the northern Chilean Andean plateau, 
a research conducted by three students (Álvarez, 
Carrasco & Díaz) during the second semester 
of 2013. In both cases the information has been 
obtained through a field analysis.

4 PEWENCHE VERNACULAR HOUSING 
OF SOUTHERN CHILE

The Pewenche housing is located in the region of 
Bío-bío in southern Chile (38°S, 71°19�W), at the 
foot of the Andes at 1343 meters above the sea. 
Cold steppe temperatures characterize the climate 
of the area, with cold temperatures most of the year 
and heavy rain and snow during the winter months.

The Pewenche are a native community that is 
part of the Mapuche culture, the most important 
native people who inhabited central and southern 
Chile and existed before the arrival of the Spanish 
(1541). The Mapuche are still the largest indigenous 
culture today and among the various groups that 
conform this culture, the Pewenche are endangered 
of disappearing because the population has declined 
dramatically in recent years. However most of their 
customs remain, such as the use of the bow and 
arrow, pottery, weaving and other traditions like the 
cult of the tree •PewénŽ (called Araucaria by the 
Spanish). From the pewén they received their main 
source of food which explains why •pewencheŽ 
means •people of PewenŽ (Cerda et al, unpubl.).

Pewenche society is based on the family, where 
there is a father, his wife, sons, daughters and 
unmarried daughters. This large family is called 
•lofŽ and his boss is the •lonkoŽ, the wise old man 
who takes the decisions of the community.

The houses are small and rectangular in shape 
and they are scattered throughout the territory 
which is a characteristic of all Mapuche archi-
tecture. The main feature of the house is that it 
is made entirely of timber of large sections and it 
has the peculiarity that all vertical logs used for the 
walls are part of the structure (Fig. 2) and the same 
goes for the roof, made with logs cut in half, hol-
lowed named •canoeŽ. This is a technology of tim-
ber joined exclusively by assembles without nails 
or any mooring (Fig. 3).

The relevance of this case study was in the first 
place, to document through field analysis a living 
heritage of the least known example of Mapuche 
architecture. Furthermore the architecture and 
technology analysed have proved very suitable for 
the climate where it is inserted. Finally it was inter-
esting to be aware of the imminent disappearance 
of this culture due mainly to external causes. This 
is specifically due to the construction of a dam 
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to generate electric power in 1997 -owned by the 
Spanish company ENDESA„where much of the 
ancestral Pewenche territory was flooded, forc-
ing the community to emigrate and lose the links 
between the society itself  and between it and the 
territory they have inhabited for centuries.

5 CASPANA VERNACULAR HOUSING 
SOF NORTHERN CHILE

The town of Caspana is located in the Andean pla-
teau of northern Chile, in the region of Antofagasta 
in the Andes (22º3•S, 68º2�W), in an oasis around 
the river Loa, Chile•s longest river. The climate of 
the region is arid, with low rainfall and extreme 
temperature variations between day and night, 
where the Loa River becomes the only source of 
water, which is wisely distributed throughout the 
town (Alvarez et al, unpubl.).

The inhabitants of Caspana belong to the Ata-
cameños, a living original community that shares 
the common worldview of Andean culture like the 
•religiosity, based on the veneration of the natural 
elements and the open and unlimited space, in con-
tact with the •Mother EarthŽ (Pachamama) and 
•Father-SunŽ (Tata Inti)Ž (Jorquera 2010) and the 
productive activities based on farming and subsist-
ence agriculture.

The whole village is modelled by a building cul-
ture based on the use of stone, the most abundant 
available material. The stone under different tech-
niques is used for roads, bridges, terraced fields, 
public spaces and traditional housing (Fig. 4).

The vernacular housing follows the typical archi-
tectural typology of the Andean house, so, a single 
volume of small dimensions of slightly pyramidal 
shape, compact with few openings and with a big 
sloping roof to shed rare but heavy rains (Fig. 5). 
The houses are grouped continuously forming 
blocks or isolated towards the outskirts of the vil-
lage. There are some new homes that respectfully fol-
low the design parameters of the vernacular housing 
(Fig. 6).

The interest in analysing this case is because this 
is a culture and vernacular architecture that is cur-
rently practiced, thanks mainly to the geographical 
isolation. Social relationships and productive 
activities that generate a local economy confirm 
that this is a sustainable model in social and eco-
nomic terms. From the environmental perspective 
a relevant aspect is the careful management of the 
scarce water resources, from which it is possible to 
cultivate large tracts of land and bring water to all 
homes. Also the use of stone is another important 
aspect, as it demonstrates the conscious use of the 
unique almost inexhaustible resource for construc-
tion that provides a perfect thermal quality and a 
unique identity to the town.

Figure 2. Pewenche•s house (Natalia Jorquera).

Figure 3. Timber joined exclusively by assembles 
(Cerda et al).

Figure 4. Stone building culture of Caspana (Natalia 
Jorquera).

Figure 5. Caspana•s vernacular house (Álvarez et al).
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6 REFLECTIONS AND PROSPECTS OF 
FUTURE DEVELOPMENT OF THE 
COURSE

In the four semesters in which the course has 
been taught a total of 161 students have passed it, 
which means that a significant number of future 
architects have received in their initial formative 
stage contents concerning the importance of ver-
nacular architecture and its link to sustainability. 
This teaching, at least on a percentage of future 
architects, will contribute to make them aware of 
the importance of preserving the traditional herit-
age and to create a more respectful contemporary 
architecture in local contexts. And also, being the 
first course of this topic, the course encourages stu-
dents to develop these arguments in later instances 
such as the degree thesis.

The enormous amount of case studies analysed 
by the same students have allowed to an apprecia-
tion of the wonderful diversity of vernacular archi-
tecture, the many architectural typologies still in 
use and the huge variety of building technologies 
created almost immediately from available local 
resources. This demonstrates how humankind has 
always modelled its habitat with the resources to 
hand. The research has also allowed the employ-
ment of a systemic analysis method through which 
the students documented original information. 
Everything that was not in literary sources was 
found through the collection of information about 
the environment and culture and through the 
analysis of photographs from which students drew 
conclusions about the architecture and technol-
ogy. The results of all versions of the course have 
been very well evaluated by the same students who 
appreciate that: the course considers issues that are 
not seen in other courses, the understanding that 
traditional architecture is alive and that it can be 
a reference from which there is a lot to learn, to 
understand the close relationship between the ter-
ritory and the built environment.

The success of this course along with the increas-
ing amount of research on the subject generated by 
the students themselves has begun to open a discus-
sion about these issues in the entire Faculty. With a 
greater number of lecturers interested in this theme 
this is contributing to the diversify of the teaching 
of architecture. On a positive note, the introduc-
tion of courses like this around the world can con-
tribute to the paradigm shift in architecture, to try 
to understand the local and to create a necessary 
bridge between tradition and innovation.
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A typical island habitat: The baracca of Carloforte
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ABSTRACT: The research, financed by the Integrated Action Programme between Italy and Spain 
(Università degli Studi di Firenze/Universitat Politècnica de València), deals with the study of influences 
between island urban settlements in •borderŽ areas between Spain and Italy between the 16th and 18th 
centuries. The case study focuses particularly on the founding of Tabarkan settlements. The first one was 
Tabarka island, off  the Tunisian coast, which was followed by two others: Carloforte (Sardinia, Italy) and 
Nueva Tabarca (Alicante, Spain). The article focuses on a simple, single-room, multifunctional dwelling, 
known as the baracca di Carloforte: a construction with a square ground plan and single interior space, 
covered by a sloped, mono-pitched roof partially divided by a light wooden frame forming a loft.

dominion and was situated on the Muslim-Chris-
tian frontier, where Spain established a strategic 
border, while maintaining its status as a place val-
ued for the richness of its coral reefs.

In 1542, the first contract was signed for the 
exploitation of the Marsacares coral between the 
Spanish Crown, represented by the Viceroy of Sic-
ily, Fernando Gonzaga, the Genoese families of the 
Lomellini (from Pegli, Liguria) and the Grimaldi. 
In 1570, the agreement was renewed exclusively 
with the Lomellini di Tabarka. The agreement 
allowed them to settle on the islet with a legally 
defined presence, under a concession scheme, dedi-
cated to fishing and the coral trade. Thus began a 
period of two centuries of Spanish domination of 
Tabarka.

After the 16th and 17th centuries, in which the 
only remarkable thing was certain amount of pres-
sure from the Turkish Corsairs and the Franco-
Algerian attempt to take possession of Tabarka 
from neighbouring •Bastion of FranceŽ, the 
18th century arrived with an excessive population 
growth, the impoverishment of the coral reefs and 
the intensification of the humiliating extortions 
from the Bey of Tunisia. All this, linked together 
with the diversification of fishing activity (with the 
introduction of the almadraba tuna fishing net), 
pushed the Tabarkans to find new places to settle. 
In 1738, nearly 400 Tabarkans arrived to the island 
of San Pietro in Sardinia (Italy) with the blessing of 
King Carlo Emanuele II of Savoy and as subjects 
of the Marquis of Guardia, to establish themselves 
as settlers and to found the town of Carloforte.

1 INTRODUCTION

1.1 Historical context

By the 12th century, the Tunisian coasts of Mar-
sacares (on the Gulf  of Bora), which were under 
the jurisdiction of Pisa, was being exploited by 
coral fishermen from Genoa, Catalonia and from 
Montpellier and Marseille, France.

After a long hiatus, foreign interest in the exploi-
tation of coral in the area intensified towards the 
middle of the 15th century. In 1446 the Catalan 
merchant, Rafael Vives, obtained a license for coral 
fishing from the ruler, Uthman. In the following 
years (between 1446 and 1448), the Catalan fisher-
men, many of whom lived in Sicily, fished near the 
small island of Tabarka. Between 1452 and 1506 
the Genoese succeeded the Catalans and took con-
trol by obtaining a concession from the Tunisian 
Bey (1451) for coral fishing and trade on the coast 
from Cabo Rojo to the West. They founded a com-
pany working on the precious •red goldŽ trade. 
This led to a more stable settlement, spontaneously 
giving rise to a colony of fishermen on the island 
of Tabarka. Initially they settled under the protec-
tion of the Republic of Genoa.

In the first half  of the 16th century, the Spanish 
Crown began a military campaign in North Africa 
to protect the sea routes with Sicily, Naples and 
Alexandria, and also to contain the Muslims. In 
1535, Tunisia was captured, overthrowing Kheir-
ed-Din Barbaroja, returning the throne to Mou-
lay Hassan and offering its protection to the new 
sovereign. Tabarka then came under the Crown 
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1.2 The Tabarkan habitat

With the exception of the fortress prison, designed 
by military engineers of the Spanish Crown, the 
structure of the settlement from the period of 
Spanish domination on the island of Tabarka 
inherited the layout and the foundations of the 
pre-existing fishing colony, where the houses were 
built by the settlers themselves. This led to a dis-
persed territorial structure, with the emergence of 
small spontaneous urban clusters from the aggre-
gation of family units around roads, small squares, 
and a church. At the beginning of settlement on 
Tabarka, work was seasonal in nature, with half  
the population dedicated to coral in the winter 
than in the summer season.

The type of housing used responded to the logical 
determinants of simplicity, economy and function-
ality restoring to traditional easy self-construction 
patterns of rural origin; a kind that we commonly 
call •baraccasŽ. Nowadays, it is difficult to trace 
the features of this architecture to its place of 
origin. Nothing remains from that Tabarka apart 
from the fortress and the traces of some smaller 
buildings. The original documents preserved from 
that time are not sufficiently descriptive.

Archaeological campaigns carried out between 
1987 and 1993 by researchers from the National 
Institute of Archaeology and Art of Tunisia 
(INAA, of the Institut National du Patrimoine de 
Tunis), l•Ecole française de Rome and the French 
EHESS are not conclusive either, but they provide 
information of considerable interest (Gourdin, 
2008; 355…449) among which we can highlight:

… Virtually all of the remains of settlements found 
come from the so-called •Genoese periodŽ 
(1452…1741) and are spread across almost the 
entire island, except for some very localised 

remains from the period immediately after the 
French •CompanyŽ of •AfricaŽ. No traces of 
earlier settlements have been found

… They are unsystematic constructions of diverse 
use

… They use the same construction technique for walls, 
made of facing stone masonry from the area, with 
presence of filling materials and mortar joints

… The Tabarkan house of the Genoese period, in 
general terms, consisted of a main room (occa-
sionally two, interconnected) whose interior 
dimensions would be between 4 and 5 metres, 
giving rise to a basic surface area of between 16 
and 25 square metres

… More houses consisting of two rooms linked to 
a courtyard can be identified to the area west 
of •the churchŽ. The existence of remains of a 
stairway suggests the presence of a second floor. 
Single-roomed dwellings, open to a coral can be 
identified in the area east •of the cliffŽ

… The most primitive buildings are not related to 
traditional Tunisian techniques and typologies

… However, an "africanization" of the Genoese 
models can be appreciated in later times: a 
single opening on a terrace-cistern acting as 
anteroom where the oven is located; a plot sur-
rounded by a low wall as a kind of enclosure. It 
seems that, models that inspired the design of 
the first homes of Tabarka came from Liguria 
(Gourdin, 2008). Over time, details from North 
African architecture, better adapted to the con-
ditions of the territory, were introduced (Raccis, 
1995). Upon arrival on the island of San Pietro, 
the Tabarkans brought with them their type of 
baracca, which had evolved with Tunisian influ-
ence, which perfectly suited the conditions of 
the rural environment despite being unrelated to 
the architecture of the area.

Figure 1. Engraving entitled •Insola de TabariaŽ, 1665 (National Library of Paris; Cartes et Plans GeDD 240).
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To erect the new Carloforte, the Marquis de la 
Guardia, using the designs of the engineer Augusto 
De La Vallèe, took charge of the construction of 
the fortress, the •Duca houseŽ, the parish church 
and the •cistern of the KingŽ. The settlers, for 
their part, worked on the construction of those 
buildings and dealt with the building of their own 
houses. The only design element imposed was 
the planning of streets and •blocksŽ, which were 
designed by the same engineer, De La Vallée. The 
type used in the first houses built in Carloforte was 
chosen by settlers themselves. Nowadays, vestiges 
of such housings barely remain, although in some 
photographic documents from the end of the 19th 
century, it is possible to state that they were of the 
typical type which is today known as la baracca di 
Carloforte.

In the city, the original dwelling was soon 
replaced by a more urban one, of  Genoese lin-
eage; terraced houses with narrow facades, two 
or three bays, two or three floors and a linear 
staircase located on one side. This kind of  ver-
tically overlapping housing was better adapted 
to the conditions of  regularity and dense group-
ing imposed by the new layout of  the city, with 
pseudo-orthogonal blocks and narrow, deep 
plots. The baraccas, on the other hand, survived 
in rural areas of  the island of  San Pietro so it is 
still possible to find well preserved examples of 
them, still in use.

2 THE BARACCA AT CARLOFORTE

2.1 Description

It consists of a simple four-sided construction of 
5 × 6 metres outside (4 × 5 meters inside) and sin-
gle-room interior space. The main facade, always 
facing south or east, has the only opening giving 
access to the house and is crowned horizontally 
without eaves, 3.5 meters above the access level. 
The interior is a single area covered by a sloped, 
mono-pitched roof partially divided by a light 
wooden frame forming a loft. Entering through the 
door, there is a kitchen with fireplace and chimney 
can be found on one side and there is a small stair-
case leading to the loft on the other.

The remaining space is occupied by the dining-
cum-living room. Upstairs, the bedroom, ven-
tilated by a little window opening in the back or 
lateral facade can be found, usually facing north. 
This construction type is completed by a cistern, 
located below the terrace in front of the entrance, 
which receives rain water collected from the roof 
by a system of gutters and downspouts. Sometimes 
the wellhead opens to the interior of the house, set 
into the wall opposite the kitchen.

The walls, approximately 50 cm thick, are built 
with plastered, whitewashed masonry. The floors 
are supported by sturdy juniper wood beams; the 
same material boards as in the loft. Battens, thatch 
and roof tiles form the roof. The floor surface was 
originally paved with clay tiles. The main entrance 
door, of 1.20 metres wide and 2.40 metres high, 
is split in two halves allowing the partial opening 
of its upper half  to serve as a window. In one of 
the side walls, next to the opening for the cistern„
where it opens to the inside-, there is usually a small 
built-in food cupboard with wooden shelves.

It consists of a simple, single roomed, multifunc-
tional and self-sufficient typology that responds to 
basic schemes of the traditional, almost ancestral 
habitat in the area of the Mediterranean basin. 
It is ascribed to the category of •basic houseŽ of 
•single bayŽ in the field of rural architecture (Del 
Rey, 1998), always linked to the most traditional 
construction practices in their respective territorial 

Figure 3. Descriptive drawing of a baracca from Carlo-
forte (Juan-Vidal & Merlo).

Figure 2. An example of baracca from San Pietro 
island, 2010 (Juan-Vidal & Merlo).
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context. It is not unusual to find them closely 
related to ones from other areas, such as the •pal-
lisaŽ of the Bajo Maestrazgo (Castellón, Spain), 
which some people value as a shining example of 
wisdom (Garcia Lisón, 2000).

2.2 Variants and groupings

The earliest examples of Carlofortina barraccas, 
instead of single-sloping roove, had barrel vaulted 
ceilings, built with squared stone slabs, which some 
people attribute to the influences of Tunisian line-
age (Raccis, 1995; 29). In fact, the most traditional 
rural ones of North Africa, and in general in the 
territories with a pre-desert climate, barrel vaulted 
ceilings are very common due, in part, to the dif-
ficulty of getting wood to manufacture beams.

As usual in this type of early dwelling, the need 
for more space is resolved by the addition of two 
or more units rather than by the extension and/or 
alteration of the basic unit.

It is interesting to study the rules which these 
baraccas follow while building up a population 
nuclei. Fortunately, on the island of San Pietro, 
some rural villages like Pescetti or Tanche gener-
ated by aggregation of these typologies have been 
preserved to allow us to analyze their patterns.

In the case of Tanche, dwellings are grouped 
into rows lined up on both sides of a road. On 
the northern side, the grouping is simple, with ter-
raced houses attached one to another by their side 
walls and with their facades in south-east direction 
where they can be accessed directly from the road. 
On the southern side however, the grouping is 
more complex. The houses keep their natural ori-
entation: facade and access to south-east/ridge to 
north-west. Thus, access doors do not open to the 
road but to the back of the plot. Access is resolved 
by separating adjacent dwellings from each other, 
leaving a passage between them that communicates 
with the road, through the plot, with a terrace-ante-
room from where to enter the house. This passage, 
covered with the same single-slopping roof of the 
baracca, is closed at the border with the street in 
line with the wall, by means of a door with the size 
and appearance similar to the main door. In this 
way the baraccas do not sacrifice their typology 

Figure 5. View of the baracca in Carloforte (Juan-Vidal & Merlo).

Figure 4. Interior views of a baracca from Carloforte, 
2010 (Juan-Vidal & Merlo).
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and bioclimatic consistency by the constraints 
imposed by the urban group, adapting ingeniously 
to the context of the small urban nucleus by means 
of auxiliary elements that are not alien to them.

2.3 A sustainable habitat

•HeritageŽ is commonly defined as something that 
we have inherited from the past and deserves to be 
preserved. It is true that in recent decades, the rea-
sons why •we decidedŽ if  something deserved to 
be preserved or not has evolved. Previously, such 
reasons were, above all, the value attributed to the 
object (and its surroundings). Nowadays, we pay 
more attention to meanings and/or connotations 
that such object awaken in the subjects of a cer-
tain group of individuals, coming to symbolise, 
to a greater or lesser extent, their own •cultural 

identityŽ. The inhabitants of Carloforte and, in 
general, of the whole island of San Pietro, retain a 
deep sense of •TabarkanŽ identity and the baracca 
is one of the constructions that, at present, more 
properly come to symbolise that identity.

The concept of habitat, apart from architecture, 
includes the environmental and social conditions 
of the environment in which it develop. The habitat 
contains life. It is the living space of people. For 
that reason, in addition to conserving and reha-
bilitating its architecture and to regenerating its 
contexts (whether or not urban), also proceeds to 
revitalize its raison d•être: the society that inhabits 
it and that, somehow, keeps alive the tradition that 
gave birth to it. The people of Carloforte, com-
mitted to their past, seek to preserve these homes 
in optimum conditions to be inhabited, without 
essentially distorting their authenticity, as a way of 
preserving the memory of the Tabarkan society.

Rehabilitation and recovery of these baraccas 
are actions which, in themselves, generate sustain-
able development since they improve the quality of 
life and contribute to strengthen collective identity 
and social cohesion. From an economic point of 
view, their restoration, having to resort to tradi-
tional construction techniques and local materials 
(to the detriment of foreign manufactured prod-
ucts), contributes to the development of the local 
economy and consequent saving in transportation 
process.

In the environmental field, its nature of mini-
mum housing and bioclimatic qualities makes it an 
energy-efficient habitat.

On the other hand, its island origin adapted 
to the customs of a pre-industrial age gives it an 

Figure 6. Aerial view of the village of Tanche (Comune 
di Carloforte) showing the views of both facades to the 
road (Juan-Vidal & Merlo), 2011.

Figure 7. Northwestern facade from the road of Tanche (south-ern block), 2010 (Juan-Vidal & Merlo).

Figure 8. South-east facade from the road of Tanche (northern block), 2010 (Juan-Vidal & Merlo).
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autonomous and self-sufficient character, especially 
in regard to running water and electricity supply.

In short, a traditional common dwelling that 
responds effectively to the present social and cul-
tural needs without compromising the ability of 
development for future generations.

3 CONCLUSIONS

The research, developed through an intensive field 
survey in the three Tabarkan places (Tabarka, San 
Pietro and Neva Tabarca) and the thorough con-
sultation of abundant literature and archival docu-
ments such as historical drawings (Juan-Vidal, 
2012; 90), has allowed us to enhance the baracca 
at Carloforte.

It has also facilitated its comparison with habi-
tats that currently configure the towns of Carloforte 
(Cerdenya, Italy) and Nueva Tabarca (Alicante, 
Spain). Relationships have been found that allow 
the explaination of some influence of the primi-
tive baracca in their typologies, although they come 
from different models and from different places.

These include:

… Bays parallel to facade.
… The same dimensional room module.
… Using open plan spaces with no internal 

division.
… The low occurrence of holes in walls.
… The use of such solution for roofing.
… The island custom of collecting rain water and 

running it into a tank...

NOTE

This paper is a part of the scientific research 
project «La •fronteraŽ hispano-italiana: la ciudad 
de nueva fundación levantada entre los siglos XVI 
y XVIII en las respectivas posesiones insulares del 
Mediterráneo » (The Italo-Spanish •frontierŽ: the 
new foundated towns between the 16th and the 
18th century in mutually insular properties in the 
Mediterranean sea) funded by a grant from Minis-
try of Science and Innovation under the Integrated 
Actions Programme for the years 2009…2010.
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Transformation between corbelling and lintel: Abrigo and Espigueiro
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ABSTRACT: The primary systems of stone construction, in terms of both theoretical and historical 
ranking, are: menhir, dolmen, corbelling and arch. In architecture, they compose a corridor, a false cupola 
and a dome. A case study of abrigo and espigueiro in Portugal shows the system: an espigueiro is composed 
of hewn stones with lintels, and with the use of wooden details, and an abrigo uses an advanced principle, 
corbelling, for composing wider spans, for bigger spaces, broader needs and use. The theoretical systems 
of abrigo and espigueiro are inverted: the older detail is later used in the development of architecture. This 
solution is technically wrong. The use of wooden details is surprising but actually functional in the use of 
material, work and construction, even in a visual sense: it is simple, harmonious, attractive. Comparison 
between abrigo and espigueiro shows an apparent disproportion between the two construction systems. A 
technically wrong solution can be practically right.

3 ESPIGUEIRO

An espigueiro is a storage hut for corn. It has 
flat and cut elements in stone, arranged together 
with exact, dressed notches. The notches are typi-
cal of a wooden composition„a perfect example 
is the Slovene kozolec/hayrack. Wooden notches 
need wooden pins for locking the structure. Stone 
notches are put together with loading only„the 
stone is heavier than the wood.

The object itself is a composition of basement, pil-
lars, plates against enemies, primary and secondary 

1 INTRODUCTION

Stone construction enables necessary composi-
tions to be built. The primary systems, in terms 
of both theoretical and historical ranking, are: 
menhir, dolmen, corbelling and arch. In architec-
ture, they compose a corridor, a false cupola and a 
dome (Juvanec 2005).

A case study of abrigo and espigueiro in Portu-
gal shows the system. An espigueiro is composed 
of hewn stones with lintels and with the use of 
wooden details (beams, connected one to another 
by sawn notches). An abrigo uses an advanced 
principle, corbelling, for composing wider spans, 
for bigger spaces, broader needs and use.

2 CONSTRUCTION PRINCIPLES: LINTEL 
AND CORBELLING

Menhir means •great stone•: standing alone or in 
a line, it is not architecture. Two stones, covered 
with a third provides a usable space, a shelter. This 
is architecture. Composition with small stones, 
unhewn or cut, can only be done with horizontal 
layers, with overlapping. This is corbelling. An 
arch appears in the first millennium BC, as a com-
position of conical dressed stones, with a keystone 
at the top. The first modern architecture appears 
a thousand years later in the Pantheon: as a three 
dimensional composition of an arch.

Figure 1. (a) menhir, (b) dolmen (lintel), (c) corbel-
ling, (d) arch, (e) corbelling in cross section and in space 
(Juvanec 2005).
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beams composing the floor, walls with openings 
for ventilation, lintels and the roof.

The pillars serve to support the system, at the top 
there are circular plates with overhanging edges, 
which prevent the ingress of rodents and reptiles. 
The danger is not that the crop will be eaten but 
that people will be bitten. The steps are an inter-
esting detail; they are not connected to the object. 
They stand separately in front of the entrance. The 
longitudinal groundplan can be extended as neces-
sary (Deus 2003).

The wall openings enable the wind to enter, but 
the sun•s rays have only a small crack, so there is no 
fear of the corn overheating.

The pinnacle at the top of the roof serves as a load-
ing element for the two faces of the ridged roof. It is 
decorative and occasionally has a religious shape.

The location of espigueiros is most important: 
the object normally stands near the home but two 
settlements of some ten (24 and 64) can be found 
in Soajo and in Lindoso, standing on a single huge 
rock, together, for the whole village.

4 ABRIGO

An abrigo is a herdsman•s hut on sloping pastures.
Stone shelters are well known everywhere, from 
Iceland to the Mediterranean. Shelters are typi-
cal transhumance architecture: for daily use or for 
the whole season. Daily migrations are shorter but 
seasonal transhumance settlements can be days 
away from the home.

A shelter can be protection against the weather, 
for one man only (trim, island of Hvar, for instance, 
in Croatia) or for the whole family for the whole sea-
son (chozo, Extremadura). It can be used only for liv-
ing or also for fodder (nwalla in Morocco, for straw, 
or pagliaia in Apulia, Italy). It may have a hearth for 
warming and cooking (cabane, France) or only be 
for warmth on sharp mornings (hiska on the Kras, 
Slovenia, where the fireplace creates a real curtain of 
warmth at the entrance, Juvanec 2013). Shelters are 
numerous in Portugal, too (Henriques 2013).

A stone shelter in Portugal has several names: 
abrigo, chafurda, chafurdao, furda, furdao, forno, 
palheiro, pocilga and safurda (Juvanec, B., Veiga, E. 
and Henriques, F.).

An abrigo has a circular groundplan, the best 
solution for corbelling. •Circular• here is meant 
conditionally: the sloping terrain, big and uncut 
hard stone, the use of existing rocks, even stone 
plates, dictate very compliant shapes. But theoreti-
cally, it is circle.

Because of the large stones, the composition is 
not divided into construction, frame and filling 
material„as other corbelled shelters are. The cross-
section has the base construction, which carries it 

and the frame is close to it, with the same shape 
outside and inside. There is no filling material.

There is often an enclosing wall around an abrigo, 
for protection of the livestock and for its organization 
(collecting, selecting, branding, vaccination etc.).

An abrigo, as an object of vernacular architec-
ture, is hard to find and hard to see. Where it can 
be seen, it is wonderful architecture and a worthy 
object of the cultural heritage.

5 COMPARISON

Comparison of some objects is elaborated. Docu-
mentation available to the author allows only lim-
ited elaboration. A much larger number of objects 
would be needed for a serious scientific survey.

Figure 2. Espigueiro, Soajo. Cross section, front eleva-
tion and axonometry (Juvanec: Documentation 1998).

Figure 3. Cross section of an abrigo 01, Soajo, and 
its composition with the help of equilateral triangle. Its 
height is equal to the square root of three, tdivided by 
two (Juvanec: Documentation 2013).
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The constructional principle used in the two 
objects is certainly different. The first is made of 
uncut stone and the other of technically perfectly 
elaborated, cut and polished stone. One is com-
posed in corbelling and the other with the use of 
a lintel.

An espigueiro has walls as we use them in today•s 
houses, around 25 centimetres thick. The usable 
area is a little more than five square metres.

The internal area of an abrigo is not essentially 
bigger than that of an espigueiro … it is approxi-
mately six square metres„but the external built 
area is. The external and internal dimensions of an 
espigueiro show its efficiency:

The ratio between external and internal areas is 
1.6 in an espigueiro but 3.4 in an abrigo, or more 
than twice:

The volumes of those two objects are essentially 
different, inside and outside.

A much bigger difference can be found in the external 
volume, illustrating the very economically designed com-
position of an espigueiro and the raw shape of an abrigo.

While the difference between the internal volumes 
of an abrigo and an espigueiro is 0.79, a comparison 
of the built-in material would show a much bigger 
difference. It is easy to calculate with an espigueiro 
but almost impossible to do with an abrigo.

Figure 4. Notches in wooden beams: a perfect use in 
Slovene kozolec/hayrack (Juvanec 2007). The same detail 
can be found in espigueiro.
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However: the use of an espigueiro is not the same 
as that of an abrigo: it is only for storing corn and 
the main purpose of an abrigo is accommodation 
for herdsmen, also to provide warmth. The object 
has to be higher because of its construction (cor-
belling) and the construction depends on the mate-
rial, stone. An abrigo uses more stone but without 
any remainder, while an espigueiro, with cut stone 
elements, has a lot of waste material.

From this point of view, the difference between 
these two objects is logical.

6 DISCUSSION

The theoretical systems of abrigo and espigueiro 
are inverted: the older detail is later used in the 
development of architecture. This solution is tech-
nically wrong.

An abrigo in corbelling is built with unhewn, 
unshaped stones but with a lot of knowledge and 
skill, for making bigger spaces, used as herdsmen•s 
shelters. On the other hand, an espigueiro uses a 
craftsman•s knowledge and skills to design techni-
cally obsolete solutions with newer technologies.

A question is: from where did this disproportion 
of construction come?

Corbelling, made of unhewn stones (without 
any flat side), achieved its peak with compositions 
of rooms of at least six square metres.

A lintel construction, with cut stones and exact 
walls of 25 cm, enables a usable room of five square 
metres; an abrigo has more space inside (six square 
metres).

The external surface of corbelled compositions 
is essentially over-dimensioned in comparison to 
lintel objects.

The ratio between volumes is bigger for an 
espigueiro for the inner room and bigger for an 
abrigo outside. There is an essential difference 
between the in-built material (in masses) and its 
elaboration.

7 CONCLUSION

Needs for storing corn were satisfied by smaller 
spaces, made possible with lintels. Longitudi-
nal composition enables elongation. The use of 
wooden details is surprising but actually functional 
in the use of material, work and construction, even 
in a visual sense: it is simple, harmonious, attrac-
tive. In wooden compositions, jointing elements 
such as pins are needed; stone is heavy enough and 
notches are sufficient. •Wooden details• in stone 
are simple and efficient.

Comparison between an abrigo and an espigue-
iro shows the disproportion between the two con-
struction systems. The lintel is certainly an older 
principle than corbelling but the availability of 
materials and technology, techniques, and the use 
of the objects, testify to common sense in vernacu-
lar architecture.

A technically wrong solution can be practically 
right. This shows the high culture of unschooled 
masters among our forebears.
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ABSTRACT: Because of China•s rapid urbanization, original rural architectures and lands are sur-
rounded by the construction lands, fact that leads to the phenomenon of vernacular architecture existing 
in downtown, known as urban villages in China. However, most of the urban villages remain in good 
living condition and landscape, becoming a rare resource for cities with a short history, such as Zhangjia-
gang. The paper discusses conservation and sustainable renovation of urban villages nowadays when they 
are facing the large-scale construction, by analyzing samples in Zhangjiagang in 2013. The sustainable 
reform takes all aspects of land ownership, city policies, living patterns and many details into considera-
tion to maintain the traditional characteristics and to increase the productivity and diversity, making a 
successful combination of physical environment and social function.

phere of villages no longer exist. Local people•s life 
style and vernacular heritage are threatened by 
the urbanism and modernism. According to the 
urgent situation, Chinese urban planners advocate 
more people to concentrate on those outstanding 
vernacular architectures in rural area to prevent 
further damage. But the focus of attention is still 
in famous historic and cultural villages.

However, China's vernacular architectures are 
not only in rural villages. Just as Chang Qing (a 
famous architect) mentioned about the definition 
of vernacular architecture in his article. "Tradi-
tional architecture is still in use with strong local 
customs and historic characteristics in rural and 
urban area" (Chang Qing 2000). So there are 
many vernacular architectures in the downtown 
area which were often ignored. Nowadays, under 
the background of China's rapid urbanism, some 
neighborhoods on the boundary of old city are 
still in the morphology of villages while the other 
blocks are filled with high-rise buildings. Tradi-
tional vernacular architectures are preserved here 
and people living here still remain their local way 
of life. This phenomenon known as urban village is 
a specific product caused by urbanism.

What will those urban villages look like in the 
future? Chinese people often think they are like dirty 
dots on the beautiful canvas of 'Modern urban land-
scape'. So the common solution is wiping out urban 
villages and reusing the land to be reconstructed as 
the same texture in surrounding areas. Because if  
those villages are preserved, how to coordinate them 
with modern area becomes a huge problem. How-

1 INTRODUCTION

Comparing with western countries, the study of 
vernacular architecture in China was quite late. 
They did not have interest in vernacular architec-
ture until Advocate for Preserving the Vernacular 
Architecture was put forward in Wuxi Conference 
in the year of 2007 (Shan Jixiang 2009).

China is a traditional agricultural country; the 
history of urbanism was very short. So there are 
many beautiful villages existing in the rural area 
with rich vernacular architecture resources. How-
ever, China is still in the phase of rapid devel-
opment, the process of urbanism has changed 
numerous farmlands into urban landscape. The 
consequence results in the •urban-rural dual struc-
ture•, which means that the city and the village are 
two total different parts that have two different 
ways to go. Most Chinese people enjoy the speed 
of urbanism and want to merge more and more 
rural villages and farmlands into urban areas.

For the last two decades, a policy that aimed at 
'new village construction' put forward by govern-
ment has thoroughly changed the face of Chinese 
villages. The target was to improve the life quality 
of people in rural area, so they increased funda-
mental infrastructures, rebuilt modern dwellings 
with high-technology appliances at the cost of 
numerous local traditional featured villages disap-
peared instead of more same appearance houses 
in new materials without any local characteristics. 
The worst thing is that many villagers moved into 
new apartments so that the relationship and atmos-
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ever, as a matter of fact, urban villages constitute 
quite interesting parts of urban texture. They are 
another window of the city reflecting local building 
style, customs and way of life. Especially in young 
cities, they also represent part of the history. So how 
to reform in a sustainable way urban villages is the 
challenge China is facing now.

2 RESEARCH METHODOLOGY

The paper adopts the research methods of com-
parative analysis, by analyzing the present situation 
and renovation process of urban villages in different 
conditions and regions, and puts forward the main 
problems which urban villages are facing now. The 
paper also adopts the methods of inductive analysis 
in the field investigation in Zhangjiagang, summa-
rizing the present characteristics and advantages of 
urban villages there. According to the advantages 
and disadvantages, strengthen the characteristics 
and improve the bad condition, explore the sustain-
able way to do renovation in urban villages.

3 PROBLEMS OF URBAN VILLAGES

Nowadays, besides the urban rapidly expanding 
and priority for economic benefits, China•s current 
urban and rural dual management system causes 
many problems of urban-villages. Principal prob-
lems are mainly focus on the following aspects 
from spatial form to management.

3.1 Spatial factor

Many urban villages are in the bustling area of city 
but their planning is relatively lagging which leads to 
dysfunctional land usage. Factories, warehouses and 
wholesale markets are next to dwellings bothering 
each other. Due to the private ownership of land, vil-
lagers can construct in their willingness which results 
in the present high density a low intensity architec-
tural layout. Land-use efficiency is quite low.

3.2 Economic factor

The present economic form is village collective econ-
omy and present industry is mainly limited to house 
leasing and low-end groceries retail. Villagers rely on 
land value which is seen as core resource to get eco-
nomic income either by leasing land or getting com-
pensation from developers, lack of pillar high-growth 
industry (Chen Jingmin & Zheng Lipeng 2007).

3.3 Social factor

Population density is high in urban village and per-
manent residents are agricultural registered house-
hold without farmlands to engage in agricultural 

activities. Most of them have no job and rely on rent-
ing of house. The low rent attracts migrants whose 
comprehensive qualities are lower than others in 
urban area. They may inappropriately use vernacu-
lar architecture and cause certain social problems.

3.4 Management factor

Village land property rights are owned by whole vil-
lage collectives. The payment is distributed on aver-
age not judged by personal effort which is opposite 
to social fairness. As the population increases, keep 
the collective properties results very difficult.

4 URBAN-VILLAGES IN ZHANGJIAGANG

4.1 General situation

Zhangjiagang is located in the southeast of Jiangsu 
Province at the junction of two economic develop-
ment zones along the river and the sea, as one part 
of the famous metropolis zone in Yangtze River 
Delta. It is famous for its port. At the same time, 
Zhangjiagang is a young city. Shazhou County as 
the predecessor of Zhangjiagang was built in 1962, 
and turned into a city in 1986. So the city only has 
a short history of almost 30 years. The city has a 
total area of 999 km2 with a population of almost 
one million. 186 villages are under the jurisdiction 
of municipal government.

The city central area has a total area of 44.6 km2 
inside the Second Ring Road. In this area, there are 
several large-scaled urban villages (Fig. 1) with a 
total built-up area of 10 million square kilometers 
and more than 4000 families now (Gao Xi 2009).

Comparing with urban villages in Shenzhen 
and Guangzhou, the situation of urban villages in 

Figure 1. The distribution of urban villages (bold-
edge) in Zhangjiagang central area (Tongji University 
2013„Kanda).
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Zhangjiagang now is totally different from those dirty 
villages in bad condition as people always imagined.

Although there are some inevitable problems, the 
overall construction and environment qualities are 
preserved well. Some of them have clues of urban 
planning with rich interesting internal spatial experi-
ence. However, when comparing with some Historic 
and Cultural Villages in rural area, the number of 
historic buildings may be not so much. Most of the 
buildings were built after the founding of the Peo-
ple•s Republic of China. But the whole environment 
and architectural style are quite excellent (Fig. 2).

When we talk about Shanghai, we may refer to 
lilong, just like Siheyuan (Chinese courtyard) makes 
us remind Beijing. For Zhangjiagang, a young city, 
there are not many historic resources in downtown 
area to show features that are unique. These urban-
villages could be a name card of Zhangjiagang, 
not only because the existing building environment 
may be representative of local traditional life, but 
also because of the precious historical evidence that 
recorded the process that a small county gradually 
evolved into today's industrial city. So, according to 
the good condition of urban villages in Zhangjia-
gang, a sustainable renewal way based on preserving 
existing spatial features should be adopted to enrich 
city's space form and make those urban-villages a 
new dynamic accumulation area of city culture.

4.2 Unique characteristic

From the aspect of spatial organization, the exter-
nal boundary and internal space of urban-villages 
in Zhangjiagang are quite irregular comparing with 
those in other cities. The main reason is they have a 
strong relationship with river. Most houses are dis-
tributed on both sides of curved river. Some rivers 
still exist while some were filled up. The whole tex-
ture is a continuation of historic river trend as an 
evidence of old river system in Zhangjiagang which 
can't be seen in other urban areas in this city.

Inside urban villages, there are always a high 
density of streets and lanes with many intersec-
tions. And, due to the comfortable scale of lanes, 
they retain the rural slow traffic environment. The 
traffic is weak but living atmosphere is quite good 
so that these lanes become the main communica-
tion places in the neighborhood. Some houses 
mixed with residence and commerce create con-
tinuous retail interfaces to enhance the belonging 
feeling of the villages. And at the intersection of 
lanes there are always middle-scaled public open 
spaces, most of which are small squares (Fig. 3). 
Because of the comfortable scale of surrounding 
buildings, the spatial enclosure is relatively high. In 
addition, the inside environment and facilities have 
a certain design. All these make the spatial experi-
ence quiet and intimate.

The two important elements of urban-villages 
in Zhangjiagang are green space and water. Due to 
the shortage of land in downtown, there couldn•t 
be enough space for large area of farmlands. So the 
basic green space has turned into privately owned 
farmlands. If  you live along the river, you may have 
a relatively large garden near the water which is 
easily to irrigate. If  you are surrounded by other 
dwellings, the gardens are often in the narrow space 
between two gables. No matter it is large or small, 
these gardens are not only recognized as green 
space but also a sustenance of villagers' living habit 
and joy which truly reflects the atmosphere of ver-
nacular architecture and its environment (Fig. 4).

As another important element, river system takes 
the responsibility of organizing open space. The open 
public space of many urban villages is connected to 
interlace water system which contributes to a series 
of continuous waterfront space (Fig. 5). Wells are 
also well preserved in the village, usually accompa-
nied with stone tables and tanks. Villagers gathered 
here, chatting, washing vegetables and doing many 
other activities. These scenes rarely appeared in the 
neighborhood in downtown area nowadays.

Figure 2. The beautiful environment of Qianxi Village 
(one of the urban-villages) in Zhangjiagang (Pang Zhi). Figure 3. Square at the intersection of lanes (Xu 

Kanda).
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From the aspect of vernacular architecture 
itself, all the buildings were built by villagers' own 
hands. Although majority of them may were not 
built in traditional wooden structure, they remain 
the architecture style of canal towns south of the 
Yangtze River which is known as black roof and 
white wall. Almost all the roofs of houses are tra-
ditional double-slope roof, some have beautiful 
carved eaves ridge. Many buildings were reformed 
in new materials by owner in the past twenty years 
for pursuing a high quality life. The whole volume 
and style are still in harmony with the whole village 
which increases the rhythm. Some architectures are 
combined closely with river or pond by stone stairs, 
hydrophilic platforms and other facilities.

5 EXPLORATION OF SUSTAINABLE 
REFORM

5.1 Importance

Making Zhangjiagang as a sample, we can easily 
found, besides those historic and cultural villages 
in rural areas, there are lots of outstanding vernac-
ular architectures in downtown area. Maybe they 
don•t have a quite long history, maybe they are not 
under the preservation of certain laws, and these 

urban villages play an important role in shaping 
the character and creating the distinguishing fea-
ture of city. So a sustainable way of renovation is 
urgent needed to help them develop towards a his-
toric, creative, dynamic and livable urban region.

5.2 Strategy 1: Maintain the traditional 
characteristics of vernacular architecture

At an era when the process of urbanism is accel-
erating, how to preserve the local village life style 
in maximum degree is the most important thing 
which can make area different, even better than 
other surrounding areas.

The first step is discovering historic architecture. 
Any public buildings or dwellings have a complete 
style or a long history that should be reported to 
cultural relics and make them representative of the 
vernacular architectures here (Fig. 6). The other 
buildings have relative less limit but one demand is 
that they should be coordinate with those samples 
(similar material and similar building style) when 
reforming. All the vernacular architectures should 
be carefully combed and divided into three catego-
ries: preservation, renovation and demolition. And 
the standards are listed in the table below (Tab. 1).

The second step is strengthening the environmental 
elements including walking lanes, retail shops, gardens 
and river. All these representative elements should be 
repeated to emphasize and remind the traditional vil-
lage living style. For example, in the urban villages 
we could use farm garden instead of grasslands 
especially planted in those big intersections. In addi-
tion, repairing the river system is necessary to show 
the city history while the waterfront space should be 
design by reorganizing different spatial combination 
of houses, gardens and river (Figs. 7…8).

5.3 Strategy 2: Maintain the diverse creation of 
vernacular architecture

At the aspect of original land ownership, the most 
important reason why vernacular architecture is so 

Figure 5. Water system in the urban village (Pang Zhi).

Figure 6. Preserving traditional vernacular buildings 
(Kanda).

Figure 4. Private gardens in front of the dwellings (Xu 
Kanda).

Vernacu_Book.indb   400Vernacu_Book.indb   400 7/31/2014   7:42:24 PM7/31/2014   7:42:24 PM



401

special is lands owned by villager himself. Without 
a unified planning and construction, all the houses 
could be built in different ideas. Except some out-
standing historical buildings, some buildings could 
add new design when reforming on the premise of 
coordinating with traditional building style. Local 
but new technology and materials could be used to 
continue the life of vernacular architecture, com-
pletely different from the development of com-
mercial housing. The renewal is doing some small 
surgery such as vertical-planting facade, as the lack 
of green farmlands, we can save space in horizontal 
level but add them into vertical level instead (Fig. 9). 
The other changes could be embedding sun room 
or interior reforming, such surgery is using a crea-
tive method to unscramble the possibility of mod-
ernization of the local vernacular architectures.

On the other hand, we should treat urban villages 
more than villages but a part of downtown which 

means the function of these vernacular architecture 
should be diverse. Besides residence and retail hous-
ing, some warehouses and abandon factories nearby 
could be reformed as cultural activities center or 
daily care center. Coffee shops and children's park 
will be built to satisfy residents' living demands 
ranging from baby to old people. The above meas-
ures could change the negative image of urban vil-
lages and turn them into an energetic community.

5.4 Strategy 3: Increase the productivity of 
vernacular architecture

Now the dilemma of vernacular architecture in 
urban village facing is lack of productivity. Due to 
the shortage of large area of farmlands, villagers 
rely on cheap house leasing to obtain economic 
benefits. Most of the houses were rent to migrant 
workers which may cause damage to those build-
ings inadvertently. Beijing is a good example that 
many artists moved to rural villages to change 
those vernacular architectures as creative indus-
trial basements (Yu Xuefang 2008). Urban villages 
could copy such way as they have the same condi-

Figure 7. Plan of water fixing and green space reorgan-
ized strategies (Tongji University 2013„Kanda).

Figure 8. Reorganized waterfront space (Xu Kanda).

Table 1. Standards methods to deal with vernacular 
architectures.

Preservation Renovation Demolition

Historic 
buildings

Illegal buildings Buildings in
bad condition

Buildings with 
great features in 
local building 
style.

Uncoordinated 
buildings with
local landscape

Needs for fixing 
the water 
system

Buildings lack of 
special features

Needs for 
creating public 
space

Needs for land 
consolidation

Figure 9. Horizontal planting space to vertical-planting 
façade (Xu Kanda).
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tion like cheap rent, unique buildings and village 
atmosphere. Meanwhile, locating in downtown 
becomes a huge advantage which means you could 
have convenient access to city facilities. So the 
future of vernacular architecture is no longer only 
for residence, they could be reformed as lofts or 
studios. Artists and young people come here mix 
the original population and maintain the creativity 
of buildings. Which is most important, these kind 
of new villagers will increase vernacular architec-
ture•s productivity and bring benefit back.

5.5 Strategy 4: Introduce policy and investment 
into the reform on urban villages

Now the biggest problem of urban villages is the 
lack of policies that support their sustainable 
development. This is why those vernacular archi-
tectures are hard to preserve. Just like Famous 
Historic and Cultural Villages have their own laws 
and regulations, vernacular architectures also need 
certain concern and supporting policies which can 
perfectly combine protection and development. 
The first should be a highly operative land-use and 
housing compensation policies which could help 
effectively comb the negative space in urban vil-
lages and make residents settled reasonably.

At the same time, government should consider 
and set policies about industry adjustment and 
upgrading to provide motivation for the renovation 
and development of urban villages. Exterior invest-
ment is also needed for the renovation of architec-
ture and fundamental infrastructures. By the way of 
"Government leading, Enterprise investing, Public 
participating", the whole area has the potential to 
become city's new dynamic neighborhood.

5.6 Strategy 5: Enhance the spirit sense of 
belonging of urban villages

Besides the unique architecture landscape and built 
environment, vernacular architecture can also give 
people irreplaceable spiritual satisfaction which 
is closely connected with local customs. There are 
many reports tell the story that China•s new village 
construction policy led to lots of villagers• happiness 
in decline because of the inconvenient way of life.

The vernacular architecture in downtown faces 
the same threaten, when people moved into new 
apartments, although the quality seems improved, 
the gap between people also increased. The insepa-
rable living habits with villages are completely 
destroyed by urbanism. When doing the renewal, 
much attention should be paid on the original space 
scale and environment. People are used to stay in 
their familiar space. So bridge and well should be 
the highlight element to be carefully designed in 
order to strengthen the sense of belonging.

6 CONCLUSIONS

In today•s China, besides those famous historic and 
cultural villages, we should pay more attention to 
the ignored vernacular architecture in downtown 
area. Like those vernacular architecture in rural 
area, they are not only ancient historical heritage 
with the local building style and rich living atmos-
phere, but also reflect the evolving history of the 
city and struggle against urbanism, especially for 
those cities without a long history.

The sustainable reform on urban village is a 
quite complicated and long-term work, demand-
ing cooperation from government to villagers and 
other relative interest groups, various kinds of 
possible factors should be taken into considera-
tion. At the premise of  protecting local architec-
tural featured style of  vernacular architecture and 
maintaining the rural living atmosphere, increas-
ing diversity and creativity of  vernacular archi-
tecture should be a vital link in the renovation 
to enhance the productivity and competitiveness 
of  urban villages. Through the intervention of 
policy, management, investment, monitoring and 
other external forces, urban villages will be chang-
ing sustainably and stably towards a multiple, 
dynamic, convenient and harmonious community 
which still keeps the pleasure of  traditional rural 
life.

The exploration of  sustainable reform on 
urban villages in Zhangjiagang is a good instance 
and reference. Such strategies and renewal meas-
ures combining all the aspects, will effectively 
handle the relationship between urban villages 
and other urban area. Those vernacular archi-
tectures will no longer be the opposite of  urban 
texture but the highlight even a precious legacy 
of  those cities.
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Sustainability of the thatched house in Nadasyo village 
in Fukui prefecture, Japan

H. Kobayashi, K. Fukui & H. Mitani
Graduate School of Global Environmental Studies, Kyoto University, Kyoto, Japan

ABSTRACT: The folk house named Syuraku-an is one of few existing thatched houses in Nadasyo vil-
lage. The NPO group restored this abandoned house in 2008 with financial support. They now use it for 
nature experience programs for urban children. The traditional thatched house in use at the present time 
is quite valuable, whereas the maintenance, in particular for a thatched roof, requires a significant cost to 
outsource professionals and purchased materials, or a significant labor force raised from the community. 
The heavy work of re-thatching a whole roof is necessary in the future; however, it is difficult to repeat-
edly expect sufficient funds or to ask for community cooperation in a depopulated and aging village. The 
NPO group has a plan for the next re-thatching to establish a new community network with the help of 
participating members in the younger generation. The sustainability of the thatched house is a long-term 
challenge.

2 RESTORED THATCHED HOUSE

2.1 Thatched houses in Nadasyo village

Nadasyo village is located in the southwest part 
of Fukui prefecture neighboring Kyoto and was 
merged with the town of Ohi in 2006 (Fig. 2). The 
village had once been located along the main road 
for marine product transportation from Obama 
bay to the ancient capital city of Kyoto; thus, it 
was influenced by the culture of Kyoto. The vil-
lage is 143.5 km2, surrounded by deep mountains 
covering nearly 90% of the village area, and occu-
pies small flatlands along rivers for settlements and 
agricultural lands. The main form of livelihood 
had previously been a small industry of wooden 
charcoal, forest industry, and subsistence agricul-
ture (Nadasyo village, 1968). The population was 
2500 people in 2010, compared with 3500 people 
in 1968. The villagers are mostly aged 50…60 years, 
with very few aged 20…30 years because of out-
flows to urban areas. Thatched houses have been 
gradually disappearing since the 1950s, and now 
five remain: one enshrinement hall (Yakushi-do) 
and one shrine (Kamo-jinja) are designated and 
conserved as cultural properties, one house was 
moved and converted to a hostel (Ryusei-kan) 
operated by the town management, and one tem-
ple was converted to a private house (Fig. 3), leav-
ing Syuraku-an as the only original folk house in 
the village.

The reasons for disappearance of thatched 
houses are shown in (Fig. 4). Two major trends 
starting from the 1950s are the popularization 

1 INTRODUCTION

A folk house named Syuraku-an (Fig. 1), which 
is over 100 years old, is one of few houses with 
a thatched roof in Nadasyo village, although 
nearly all houses were thatched until the early 
1950s. Syuraku-an had been vacant because of the 
departure of the aged owner 10 years previously, 
in 1998. The NPO group Shinringakkou/Morinko 
(http://www.npo-morinko.com/index.html) rented 
the house for their activity base and renovated 
and re-thatched it in 2008 with financial support 
from the local government. After completion, the 
NPO group named the house Syuraku-an, which 
means •gather and enjoyŽ (syuraku) and •hermit-
ageŽ (an), to be used as a base for nature experience 
programs.

Many activities are organized so that the depop-
ulated and aged village can be revitalized and so 
that urban children can be invited to experience 
natural environments and rural life. Syuraku-an 
is quite valuable as a thatched house in use at 
the present time. Thus, the authors conducted a 
measurement survey for architectural records and 
analyzed the space layout and structure for evalu-
ation in comparison with other houses in the sur-
rounding areas. Additionally, an interview with 
the village historian allowed us to understand how 
villagers constructed their houses with community 
cooperation, in particular the cooperation involved 
in thatching. The NGO group is now studying sus-
tainable methods for thatched housing in a mod-
ern context.
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of oil and coal fuel and high postwar economic 
growth. The change in fuel material has led to a 
modernized life without irori  fireplaces. This had 
a negative effect on smoking and drying thatched 
roofs with low durability, resulting in a conversion 
in roofing materials (Fig. 5) to an iron-sheet-cov-
ered roof or a tiled roof. Changes in the national 
industrial structure led to rapid urbanization in 
cities that imported large amounts of inexpensive 
wood, resulting in a decline in domestic charcoal 
and forest industries, which accelerated popula-
tion outflows to urban areas as well as depopula-
tion and overall aging in rural areas. These social 
changes have removed the opportunity to learn 
local thatching techniques (decay of intellec-
tual resources), created difficulties in community 
cooperation (decay of human resources), and led 
to devastation of grass fields for thatching mate-
rial (decay of natural resources). These three local 
resources are required for the sustainability of 
vernacular architecture such as thatched houses. 
According to interviews in the village, other rea-
sons for the disappearance may be the change in 
lifestyle (desire for private rooms), a changing sense 

Figure 2. Location of Nadasyo village.

Figure 3. Existing thatched buildings in Nadasyo vil-
lage. Enshrinement hall (Yakushi-do), Shrine (Kamo-
jinja), Hostel (Seiryu-kan), Private house (Authors).

Figure 1. Syuraku-an with the NPO activities 
(Authors).
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of value (thatched houses look poor), the large cost 
of thatching, and the fear of fire accidents with 
thatched roofs. Additionally, in Nadasyo village, a 
large typhoon and flood in 1953 caused significant 
damage to many houses and triggered reconstruc-
tion of different types of houses.

2.2 Restoration of Syuraku-an

Syuraku-an is located in Oisako settlement in 
Nadasyo village, a small settlement with five 
houses along a small river, but no one lives there at 
present. Currently, some families living outside of 
the village sometimes visit to maintain their family 
grave near the settlement. Syuraku-an is estimated 
to have been constructed more than 100 years ago. 
An elderly couple had lived in Syuraku-an as the 
last villagers in the settlement but finally moved 
out to the city in 1998 due to the difficulties of self-
supporting life. In the aftermath, the NPO group 
offered to rent Syuraku-an from the owner for a 
lower rate and restored it, as they luckily obtained 
special funds from the local government focusing 
on the promotion of rural resources. Syuraku-an 
has been restored to its original state to the greatest 
extent possible (Fig. 6/1, 6/2). The decayed parts 
of the wooden pillars on the ground and weakened 
joists were renewed to adjust the horizontal floor. 
In the heya (sleeping room) and daidoko (living 
and dining room), tatami mats were placed on the 
original wooden floor with an irori  (fireplace).

Figure 4. Disappearance of thatched houses.

Figure 5. Change in roof materials (Authors).

Figure 6. Comparison of space layout.

Figure 7. Comparison of roof structure.
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The additional ceiling in the daidoko was 
removed to recreate an opening for the smoke 
on the original ceiling. Meanwhile, the modern 
kitchen, originally a part of the niwa, was retained 
as a useful utility. A significant amount of the res-
toration cost was used for rethatching on three sur-
faces of the roof (Table 1). The roof style is mostly 
same as in Yakushi-do (Fig. 3), and the details 
of thatched roof is shown in Figure 8 (Ohi Town 
Board of Education, 2012).

3 ARCHITECTURAL CHARACTERISTICS

The authors evaluated the architectural charac-
teristics of Syuraku-an by a measurement survey 
and analysis of the space layout and structure. It 
was found that Syuraku-an has a traditional hous-
ing style that is typical of the surrounding area, 
and the original structure and materials are well 
maintained.

3.1 Space layout

Syuraku-an has a traditional space layout, and 
all partitions between rooms are sliding doors 
(Fig. 6…2). The function of each room is as follows:

Figure 8. Thatched roof.

Figure 9. Timber frames in the daidoko.

Table 1. Cost of re-thatching on 3 surfaces (Other parts 
cost: 2 million JPY (19,400 USD).

Table 2. Conventional construction process.
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… Niwa (earthen floor): space for entrance, house 
work, and kitchen range

… Maya (earthen floor): barn space for horse or 
cow

… Daidoko (wooden floor): living and dining 
space

… Heya (wooden floor): sleeping space
… Shimono-ma (tatami mats): space for the recep-

tion of informal guests
… Zashiki (tatami mats): space for the reception of 

formal guests

The space layout can be compared with the two 
other houses as follows. Iwasa house (Fig. 6/3) in 
the same village does not exist at present but was 
surveyed before and estimated in the construction 
year of 1712 (Toyama Prefectural Board of Edu-
cation, 1997). Ishida house (Fig. 6/4) is located in 
Miyama village of the Kyoto prefecture, 10 km far 
from Nadasyo village, where many thatched houses 
are conserved as in the preservation districts for a 
group of historic buildings.

The Iwasa house has a different space layout, 
adding the nakano-ma between the shimono-ma 
and zashiki. This house has no connection between 
the daidoko and zashiki, whereas the Syuraku…an 
and Ishida house create a connection by the dis-
placement of partitions. The connecting layout 
between the daidoko and zashiki is popular around 
northern Kyoto, including Nadasyo village. 
Syuraku-an and Ishida have mirror-image layouts, 
which depend on the site location obtained in the 
interview of the village historian in Nadasyo vil-
lage. Additionally, the entrance from the front 
and side of the niwa in Syuraku-an and the Ishida 
house is reported to have developed in the late 18th 
to early 19th century (Kyoto Prefectural Board of 
Education, 1997).

3.2 Structural system

The main structure of Syuraku-an consists of typi-
cal wooden frames, one characteristic being the 
removal of the pillar located in the daidoko as in the 
circle observed in Fig. 6…2 (Nadasyo village, 1968). 
This leads to an expansion of the space in the daid-
oko to the eaves and maintains a wide opening con-
nected to the niwa space. Thus, the beam at that 
position should be longer and larger to bear the 
load (Fig. 9). The Iwasa and Ishida houses are also 
reported to have the same characteristics observed 
in the surrounding areas. The roof structure of 
Syuraku-an, in which the roof is supported by two 
posts (A) on the edge of the ridged pole, six roof 
beams (B) on lateral sides, and two roof beams (C) 
on the front and back sides (Figs. 7/1, 7/2). The 
Iwasa and Ishida houses have different roof struc-
tures (Figs. 7/3, 7/4). Many posts stand on the cross 

beams and are connected by tie-beams, which is 
common in these areas. The style of Syuraku-an 
is sometimes observed in the houses constructed 
after the 19th century, particularly in small houses, 
as a result of the usability of the loft space (Kyoto 
Prefectural Board of Education, 1997)

4 SUSTAINABILITY OF THE THATCHED 
HOUSE

4.1 Conventional construction process

The construction of thatched houses was originally 
completed with the cooperation of the family of 
the owner, members of the community, and profes-
sionals. The community cooperation is called ten-
gori meaning •get handsŽ (assistance) in Nadasyo 
village.

This word is used for any cooperative activities, 
not only construction but also rice planting, road 
cleaning, funeral ceremonies, and so on. Housing 
construction involves a long process of community 
cooperation, as shown in Table 2, the information 
for which was discovered in an interview with the 
village historian. The villagers in his settlement of 
Nadasyo village hold an annual meeting to wor-
ship a mountain god on December 9, a time when 
they do no work in the mountains. Villagers who 
plan to build a new house require agreement and 
cooperation from others in the meeting.

Logging works are usually performed between 
late November and February, as logs in those 
months have no risk of insect infestation. Fallen 
trees are left on site for approximately two weeks 
to dry them to be light. A lumber professional cuts 
fallen trees to the necessary length, according to the 
specifications of the components of the planned 
house, and then removes tree bark to smooth the 
surface for easy transportation to the construction 
site. Villagers cooperate to rope and haul logs via 
human power without horses or cows.

For building materials in the area, Japanese chest-
nut is used for the bedding, and Japanese chestnut 
or Japanese cypress is used for the pillars. Japanese 
cedar can be used in their absence. The beams are 
created from Japanese pine. The central pillar uses 
large Japanese zelkova or Japanese pine. The floor-
ing board is mainly created from Japanese pine.

A lumber professional saws logs to make rough-
sawn lumber and boards, and a carpenter planes 
them and chisels joints in preparation for all of the 
building components. Before starting construc-
tion, a ground-breaking ceremony is conducted to 
purify the building site for safe construction, and 
then villagers place gravel at the positions of the 
pillars and pack the ground with weights for laying 
the cornerstones.

Vernacu_Book.indb   407Vernacu_Book.indb   407 7/31/2014   7:42:34 PM7/31/2014   7:42:34 PM



408

After the ceremony, a carpenter asks other car-
penters to help with the erection of the main struc-
ture and asks villagers to assist by carrying lumber, 
which continues for two days. On completion of 
the main structure, carpenters and the family of 
the owner wear a formal costume and celebrate by 
scattering rice cakes to gathering villagers from the 
top of the structure.

The main thatching material is Japanese silver 
grass, and rice straw is also used on the edges of 
the eaves. The grasses usually grow in clusters, 
often on mountainsides. Some settlements prepare 
private or public lands to grow grasses. Villagers 
constantly collect grasses and straws and stockpile 
them on the loft space of a house, at times borrow-
ing or lending materials if  necessary. They can also 
give materials in the construction of a new house 
as presents. In thatching projects, several thatching 
professionals are usually engaged simultaneously, 
and villagers join them to carry materials and 
assist in thatching. Skilled villagers can direct the 
work instead of professionals at times. In plaster-
ing work, villagers first cooperate to create bam-
boo laths for the plastering base, which is mainly 
performed by women. The villagers mix mountain 
soil with dried rice straw and water with a hoe and 
by foot stamping. The material must mature for 20 
days to be of sufficient quality for wall mud for a 
rough coating. The second coating material is cre-
ated with sieved fine soil and dried rice straw, and 
the final coating material is created with lime pow-
der and seaweed glue. A plaster professional cre-
ates the rough, second, and final coats sequentially, 
and villagers carry materials.

For the final process, a carpenter continues the 
interior work to completion. The house owner 
gives straw ropes to community members in thanks 
for their cooperation, as ropes are a daily necessity 
in their rural life.

4.2 Maintenance of thatched roof

House owners sometimes have to repair parts of 
their roofs to prevent leaks from rain and re-thatch 
a whole roof according to a cycle. The number of 
years in the lifetime of the roof depends on the 
location and conditions of the house.

A document on traditional village life entitled 
•Folk tales in NadasyoŽ describes the thatched 
roof in the village (Nadasyo Investigation Com-
mittee of Folk Tales, 1992). The re-thatching cycle 
is approximately 15 years and requires the collec-
tion of 120 shime (four bundles) of Japanese silver 
grasses for a whole roof. One bundle is the quantity 
of the grasses bound by a rope with a length of 150 
cm, which is equal to a typical human arm span. 
The re-thatching of a whole roof requires a total of 
480 bundles. Harvesting work is quite hard because 

it is required to collect at most 50 bundles in a year 
for a family labor force. Additionally, villagers 
sometimes gather a lean harvest, and the harvest-
ing period is limited only to December before the 
beginning of snowfall. Harvested grasses are left in 
the field or kept in a space under the eaves during 
the wintertime. They should be placed outside to 
dry until the spring season and stockpiled on the 
loft space afterwards. A house owner needs to ask 
community members to cooperate re-thatching a 
roof. The cooperators firstly remove old grasses 
from a roof and then check roof structures and 
replace all of bamboo laths. Quarter to third part 
of usable old grasses is reused together with new 
ones. Thatching work should be completed for only 
one day or at most couple of days avoiding rainy 
weather (Ando 1983). Such heavy labor is one of 
main reasons for the decrease in the number of 
thatched roofs, leading to the conversion to iron-
sheet-covered roofs and tiled roofs.

4.3 Future plans for the thatched house

On a weekly basis, the NPO group usually makes 
a fire in the irori  fireplace and opens all windows 
to let fresh air to avoid damage to the thatched 
roof; however, it may not be possible to maintain 
the quality of the roof such that it will last longer 
than houses where people are living. Syuraku-an 
will face a turning point after 15 years in terms of 
the necessity of re-thatching. It will be difficult to 
obtain sufficient funds again to hire professionals 
and purchase the materials. Additionally, asking 
for community cooperation in the depopulated 
and aging village of Nadasyo cannot be expected 
in the future. Consequently, the NPO group seeks 
to establish a new community network between the 
participating members in the NPO activities. In 
particular, the number of members in the younger 
generation should be expanded in the network, 
preparing for future re-thatching projects. This is 
a long-term challenge for the sustainability of the 
thatched house.

5 CONCLUSION

The research in Nadasyo village identified the 
architectural characteristics of Syuraku-an, show-
ing the typical space layout and structural form in 
the area. It is valuable not as a cultural heritage 
but as a living folk house located in the original 
village and used for the activities at present. Thus 
Syuraku-an is required to be in good conditions, 
and the future re-thatching work would be criti-
cal for its sustainability. This is the reason why the 
NPO group is aiming to establish the new com-
munity network for it. However, thatching work is 
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of course not easy for inexperienced or unskilled 
people. It is reported that thatching work only by 
volunteers was inefficient in term of workability 
and difficult to maintain the roof quality (Ogawa 
et al. 2005).

Considering the three local resources as previ-
ously mentioned„natural, human and intellectual 
resource, the new community members need to 
cooperate with roofing skills and quality materials. 
They should obtain the indigenous knowledge in 
the exchange with local villagers, and also achieve 
the skill learning from thatching professionals in 
the opportunities of roof repair every several years. 
Besides, they should cultivate grass field and har-
vest thatching material through the nature experi-
ence programs the NPO organize. Such experiences 
can lead to realize the future re-thatching work.
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ABSTRACT: The historical use of natural resources closer to a center population in construction of 
buildings is an ancient practice. It responds to a maximum sustainability criteria based on common sense 
and reduction of any added cost and it defines the constructive characters both of vernacular architec-
ture in rural areas and civil architecture in urban sets. Historically, in the province of Valencia gypsum 
has been a widely used material motivated by economic reasons due to its simple extraction, traditional 
production process and application as construction material, but mainly because of the abundance and 
proximity of gypsum deposits. The aim of this paper is to describe the historical quarries of the province, 
the traditional local manufacturing process and the different applications of gypsum. Thereby, we can 
rescue the traditional industry from obscurity and propose the use of gypsum in restoration interventions 
but, also in contemporary architecture, applying the same sustainable and ecological criteria of the past.

1.1 Brief foreword about gypsum

The gypsum is a sedimentary rock chemically made 
up of crystallised calcium sulfate (CaSO4 2H2O) 
and the gypsum plaster is the product obtained 
from calcining and grinding it, which sets quickly 
when mixed with water.

Specifically, gypsum is an evaporite rock with 
a crystalline structure with low surface hardness 
and which can be found in nature in several forms 
and in three possible phases: gypsum, basanite and 
anhydrite, often accompanied by impurities of 
clay, sand and other sulfates or salts like carbon-
ates and chlorides.

The calcination process consists in dehydrating 
the rock by eliminating whatever humidity and 
water it contains at temperatures that can go from 
120º C to 900º C. The dehydration may be partial 
or total, depending on the temperature and the 
pressure to which the rock is submitted, and up to 
five phases of gypsum can be obtained with differ-
ent rehydrating degrees:

… Gypsum. This is the stable phase that represents 
both uncalcined and rehydrated gypsum.

… Hemihydrate. This phase is obtained by partially 
dehydrating the hydrated calcium sulfate at a 
temperature slightly over 100º C.

… Anhydrite III or soluble anhydrite. At between 
150º and 200º C gypsum is totally dehydrated 
but still contains a variable amount of water. 

1 INTRODUCTION

Gypsum is a raw material that has been widely 
used in construction since olden times, as we can 
see from the archaeological remains of the city of 
Catal-Hüyuk (6600…5650 BC) in Turkey. In the 
case in point, its abundant presence in historic and 
traditional constructions in the province of Valen-
cia is mainly due to the existence of numerous gyp-
sum deposits, thanks to which its use was simple, 
immediate and cheap. Added to this is the simplic-
ity of the traditional production process of pow-
dered gypsum and the ease and speed with which it 
can be used as a construction material.

However, this feature was unfortunately lost with 
the advent of modern industrial products, which have 
different features and properties from the traditional 
ones, and the progressive abandonment of rural 
areas, which has led to the end of historic gypsum 
quarries and the traditional use of this material.

Therefore, the main aim of this article is to enu-
merate the different uses of gypsum in Valencian 
architecture, comparing and relating them with 
other Spanish and European provinces; to describe 
the traditional manufacturing process; and, above 
all, to spotlight the historic gypsum quarries in the 
province of Valencia on the basis of the informa-
tion available in the bibliography and historical 
treatises and the study of the geological character-
istics of the gypsum deposits in the province.
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The product obtained is very thirsty for water 
and unstable, so it quickly becomes hemihy-
drated just with the moisture in the atmosphere.

… Anhydrite II or insoluble anhydrite. This is 
obtained at temperatures over 300º C by exo-
thermal transformation and is more stable than 
anhydrite III. Natural anhydrite belongs in this 
variety.

… Anhydrite I. It is obtained and is stable at tem-
peratures over 1200º C, but when it cools, it 
becomes anhydrite II. At over 1400º C it turns 
into calcium oxide and sulfuric anhydrite, but 
the presence of impurities can make this trans-
formation occur at 700º C, and if  the impurities 
are clay, hydraulic gypsum may be obtained.

Hydration of powdered fired gypsum takes 
place when it is mixed with water, forming a viscous 
paste that sets when it undergoes a physicochemical 
process where a reconstruction of its micro„and 
macrostructure occurs, that is, a hydration-crys-
tallisation and hardening of the paste due to an 
increase in resistance and changes of state. During 
this process, apart from undergoing a considerable 
increase in temperature, the resistance and the ini-
tial volume augment in a very short time.

2 GYPSUM IN THE TRADITIONAL 
HISTORIC ARCHITECTURE OF THE 
PROVINCE OF VALENCIA

Gypsum is a material that has been widely used in 
the construction of many architectonic elements 
over the centuries. Nevertheless, the view offered 
in historic construction treatises does not always 
coincide with reality. As an example, some treatise 
writers consider that gypsum cannot be used in its 
natural state to erect buildings because it has the 
drawback of being soluble in water, despite the fact 
that in Sicily, for instance, in areas rich in gypsum, 
traditional constructions are commonly found in 
which gypsum is used as the stone material in fab-
rics, even in foundations in direct contact with the 
ground (Mami 2006). Other treatise writers sus-
tain that black gypsum, obtained by intermittent 
calcination in layers, can only be used as a ferti-
liser in agriculture, another of the many uses of 
gypsum. On the other hand, Juan de Villanueva 
(1827) affirms in his treatise that gypsum is one of 
the most useful and easy to use materials known 
for the construction of the dry parts of buildings. 
However, its use in the province of Valencia was 
not limited exclusively to those specified in the 
treatises or for the interior plastering of all sorts 
of buildings, as is the case today. Concretely, gyp-
sum has been used for interior rendering, but also 
for the exteriors of palaces and humble abodes, 

and for ornamentation, decoration, etc. in differ-
ent forms, styles or manifestations; to make all 
types of interior partitions: solid walls made with 
formwork; brick walls or partitions and masonry 
bonded with gypsum mortar, as well as stairs or 
timbrel vaults; traditional jack arch floors with 
timber joists and superior pavements; false ceilings 
or faux vaults in collaboration with wattle or little 
wooden planks and built-in furniture for dwellings 
such as benches, shelves, olive bins, cupboards, 
handrails, fireplaces, etc. and architectonic ele-
ments like frontispieces, windows, spiral staircases, 
ribs of groined vaults, chimneys, etc. (Giner 2007); 
to make constructive elements with structural func-
tions: pillars or reinforcements for rammed earth 
walls (Vegas et al. 2013); to protect and insulate the 
flat part of roofs made with boarding or wire net-
ting. And it was even used, when preparing works, 
for making models, tests for stone cutting or bond-
ing girders, joists, etc.

2.1 Some outstanding cases in Valencian 
architecture

Many of the uses of gypsum mentioned above 
are also common in other Spanish and European 
regions and cities, although few stand out for their 
particular use in traditional historic architecture as 
much as in the province of Valencia. This is the 
case of exterior gypsum renderings in residences 
in the historic centre of Valencia, both palaces and 
modest buildings, which give the urban image of 
the city a unique appearance (fig. 1). Other Span-
ish and European cities and towns with historic 
external gypsum renderings are, for example, 
Cuenca, Madrid, Albarracín and Paris (La Spina 
et al. 2013a, b).

Another example are the wooden joists and 
jack arch floors that can be found both in historic 
urban buildings and vernacular constructions in 
the province (fig. 2). Furthermore, in rural areas 
the upper pavement is still often made of gypsum, 
as is the case of Albarracín (Teruel).

Figure 1. Details of the façades in the historic centre of 
Valencia with gypsum renderings (La Spina).
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It is worth while mentioning also the structural 
role played by gypsum as the main component of 
pillars, or reinforcement for rammed earth walls 
(fig. 3) in the parish of Rincón de Ademúz (Vegas 
et al. 2010, 2011, 2012). The pillars in the vernacu-
lar architecture of this area are partially or fully 
made with gypsum poured in a formwork and can 
support the weight of even four storeys. Gypsum 
reinforcement of rammed earth walls has a more 
or less undulating appearance on the outside.

3 DECISIVE FACTORS FOR THE USE 
OF GYPSUM IN THE PROVINCE OF 
VALENCIA

The abundant presence of gypsum in traditional 
and historic buildings in the province of Valencia 
is mainly due to the existence of gypsum deposits 
that made it possible to obtain it with ease. Other 
decisive factors are the simplicity of the traditional 
production process, the ease and speed with which 
it can be used or its characteristics and qualities 
as a material. But the economic factor has often 
been crucial too, as we can see from the words of 
Cavanilles (1795) in the second volume of his book 
about the buildings in Guadalest: •Although the 

surrounding areas contain an abundance of lime-
stone, nearly all the buildings are made with gypsum, 
because less timber is used than with lime: timber 
is so scarce that the inhabitants have to use longer-
lasting matters and forget about the solids.Ž

3.1 Historic deposits and quarries in the province 
of Valencia

The most important deposits of gypsum in the 
province of Valencia and their geological charac-
teristics define the situation and the peculiarities 
of the historic quarries that have been operated 
more or less uninterruptedly over the centuries.

3.1.1 The geological formation of gypsum in the 
province of Valencia

The geological formation of gypsum is due to the 
drying by evaporation of salt water and salt lakes 
or inland seas with no outlets to the ocean, with 
thin sheets of water and the effect of a dry climate. 
For these reasons, the importance and thickness of 
the deposits as well as their extension and purity 
are extremely variable (Reguerio & Calvo 1997).

In general, gypsum deposits are spread all over 
the surface of the earth and are fundamentally 
present in Triassic and Tertiary sedimentary for-
mations. In particular, in the province of Valen-
cia (Martínez & Balaguer 1998), as in the rest of 
Spain, the gypsum deposits were formed mostly 
in the Triassic Period (Muschelkalk and Keuper) 
of the Mesozoic era and the Tertiary Neogene era 
(Miocene) of the Cenozoic era (fig. 4). In the for-
mations of the Triassic System, mainly to be found 

Figure 2. Jack arch floors with gypsum vaulting (La 
Spina).

Figure 3. Façade of a traditional construction with 
gypsum pillars and undulating reinforcement of rammed 
earth in Rincón de Ademuz (Vegas & Mileto/La Spina).

Figure 4. Geological map of the gypsum deposits in the 
province of Valencia. Grey: Miocene and black: Keuper 
(La Spina).
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in the north of the province of Valencia, it is possi-
ble to find clays, marls and gypsums with alternate 
layers of carbonates and sands in the deposits of 
the Muschelkalk (the third Triassic era). In the for-
mations in Jarafuel, Quesa and Ayora, which are 
from the Keuper era (third Triassic period), apart 
from vivid reddish marls and clays, sandstone and 
gypsum can also be found. In the Tertiary Era, 
the distribution of Neogene sediments from the 
Miocene period is widespread in the province, but 
the presence of gypsum deposits is not very abun-
dant and in most cases they must be seen as acci-
dental or local elements of the system, both in the 
area of the Catalan Ibérica-Costero and the Preb-
ética ranges. Finally, at other geological periods 
also the presence of gypsum can be found although 
in the form of marls (De Cortázar & Pato 1882).

3.1.2 Historic quarries in the province of Valencia
As there are no recent studies about historic gyp-
sum quarries in the province of Valencia, we have 
had to consult different bibliographic sources to 
find out the state of mining in the province.

In the first place, we have analysed historic publi-
cations where the authors describe in detail places in 
Spain and the natural resources they contain. This 
is the case of the Irish naturalist William Bowles 
(1775), who mentions a quarry of red gypsum with 
white veins at the foot of the Tusal Mountain (south 
of Valencia) and the very old Niñerola quarry in 
Picassent, first operated by the Romans and which 
supplied the city of Valencia and the nearby towns. 
The famous Valencian botanist, Antonio José Cav-
anilles y Palop (1795), also mentions the Niñerola 
quarry, because it was very important, but alludes 
also to quarries in other towns, such as Sabatò to 
the north of Murviedro (Sagunto); Alginet in the 
Alfarp and Catadeu area and the ones in Llosa 
de Ranes and Vallada, Ayora, Cofrentes, Quesa 
or Jarafuel, etc. and the politician Pascual Madoz 
(1845) also speaks of the existing quarries, but com-
pletes the information with the kilns and factories 
and even the gypsum mills in the province.

In the second place, we have consulted specific 
mining publications like Manual del Minero, pub-
lished in 1843, according to which in the kingdom 
of Valencia the old compact, fibrous gypsum or 
gipso terreo mines were in Murviedro, Niñerola 
and Manuel; and the reports drawn up by Dan-
iel De Cortázar and Manuel Pato in 1882 and the 
Boletín de la Real Sociedad Española de Historia 
natural in 1926, which describe in detail the gyp-
sum quarries in Niñerola.

In the third place, we have examined the database 
of the Instituto Geológico y Minero de España, 
concretely the annual information of the •Estadís-
tica Minera de EspañaŽ for the period between 1861 
and 1940. This annual publication contains mainly 

a list of active mines and quarries in Spain, and the 
production arising from their operation according 
to the different minerals and Spanish provinces. In 
general, the analysis of the data contained in these 
sources showed that the mining operation of any 
substance in the province of Valencia was scarce 
and scantly documented. Either because of the lack 
of resources, limited information or the misgivings 
of the inhabitants, mining did not have the eco-
nomic importance it had in other Spanish provinces. 
However, we found out that at least in the mid 19th 
century most of the mining activity that took place 
was related with materials used for the construc-
tion and ornamentation of buildings, as was also 
the case in the 18th century (Hermosilla 1991). But 
only the gypsum and alabaster mines of the parishes 
of Picassent, Monserrat and Serra were mentioned 
in 1867, the Anita mine in Benaguacil in 1896 and 
mines of gypsum and other products in several other 
parts of the province in 1907. In 1909 and the fol-
lowing two years there are a few more detailed data 
such as the name of the quarry, the location, the 
owner, the town, the production, etc. And it was not 
until 1922 that statistics about gypsum mines could 
be found, and in that year 20 were registered in the 
whole province. So from 1923 until 1930 we can 
find all the information about the state of gypsum 
mines and, from 1925 onwards, information about 
the mills and industrial production. After 1931, as 
a result of a serious crisis that affected industry in 
general and especially substances used in ceramics 
and construction in the province of Valencia, the 
number of quarries and the extraction of gypsum 
fell and did not recover until after 1939, although to 
a lesser degree.

The existence and operation of a gypsum quarry 
or mine depends exclusively on the presence of the 
raw material in the area, and it is very likely that it 
will be mined illegally, that is, without applying for 
a licence or mining concession, and so not recorded 
in statistics or historic publications. Thus a quarry 
might always have been operated by a town or its 
owners when required, since it was only for their 
own consumption or use without producing large 
amounts of material or generating profit.

Consequently, in order to complete the study we 
thought it wise to examine the mines currently in 
operation and the most recent licences requested. 
To this end, we consulted the information con-
tained in the mining section of the Territorial 
Energy Service of the Department of Industry 
of the Generalitat Valenciana, connected with the 
Directorate General of Energy & Mining Policies 
of the Ministry of Industry, Tourism and Trade, 
which comprises the quarries registered from 1944 
to 1950 and those operating in 2012, according 
to the Report on Valencian Mining Concessions 
of that same year. They were found to be located 
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in the following towns: Chiva, Domeño, Altura, 
Segorbe, Gátova, Xátiva, Llosa de Ranes, Chelva, 
Requena, Tuéjar, Vallada and Cortes de Pallás.

All the information we found made it possible to 
draw up a map to show the possible historic quar-
ries in the province (fig. 5).

Finally, according to all the data analysed in 
the province of Valencia, we can conclude that the 
operation of the quarries was in the open air, and 
only the one in Alfarp in the Cerro de las Cuevas 
was underground, according to the 1928 mining 
statistics. Furthermore, it shows that crude gyp-
sum was used for construction, for making and 
obtaining refined gypsum, for masonry and cobble 
stones (SA 1925).

3.2 Traditional gypsum production

Historically, for the traditional production of gyp-
sum they simply excavated the quarries or used 
artisanal kilns, very similar to lime kilns, also 
known as Moorish kilns, located in the vicinity of 
the mines or at the building sites. The extraction of 
rock gypsum is very easy, since it is not very hard 
and does not require important technical methods 
that would involve extra cost.

The traditional kiln was a simple cylindrical 
masonry construction of dry stone, of variable 
height and with an opening at the front, usually built 
into a slope. It was filled with rocks of gypsum, ini-
tially forming a corbelling dome for the hearth with 
larger ones (fig. 6, Mileto & Vegas 2008).

24 hours was enough to fire the rock, maintain-
ing the heat constant all the time, but it depended 
on the weather conditions, the quality of the stone, 
the fuel used and, above all, the skill of the gypsum 
producers. In general, the firing process was rather 
irregular, because the upper rocks were usually not 
fired enough while the bottom ones were fired too 
much, but this made it easier to obtain multi-phase 
products with a large content of anhydrite (Sanz 
2009) and impurities, depending on the deposit.

In comparison with the production of lime, gyp-
sum requires less time and a lower firing tempera-
ture, which means considerable saving in the cost of 
fuel, sometimes not very abundant in many areas. 
Besides, after grinding and sieving it, it can be used 
immediately, and it is even recommendable to do 
so, as it is not necessary to wait for it to cool, as it 
is in the case of lime, which prolongs its production 
time and makes its production more expensive.

The calcinations process of gypsum changed in 
the 18th century thanks to the scientific advances 
that favoured uninterrupted research into gypsum, 
which furthermore coincided with the industri-
alisation process of the materials, thanks to the 
introduction of different types of kilns to procure 
a rational calcination process. However, in most 
Spanish rural areas traditional kilns were still used, 
so the two sorts of gypsum were still produced 
until very recently (Villanueva 2004).

3.3 Qualities & peculiarities of traditional 
gypsum

In general, gypsum is a versatile, light material 
(three time lighter than concrete), breathable, 
resistant, with great plasticity, fast-setting and 
with low conductivity, so it is very suitable for use 
as thermal insulation. But it also has relatively low 
hardness and is very sensitive to water, so that it 
is a very hygroscopic material, and therefore direct 
contact with the ground or water must be avoided. 
Nevertheless, there are great differences between 

Figure 5. Map of the province of Valencia showing the 
location of the historic quarries (La Spina).

Figure 6. Traditional construction for producing gyp-
sum located in Gestalgar (La Spina).
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traditional gypsum and industrial gypsum that 
influence their behaviour to weathering. Industrial-
ised gypsum is more and more pure and homoge-
neous due to the prior selection of the raw material 
and uniform firing, and it is characterised by being 
single„or dual-phase and less porous, with less 
mechanical resistance, worse adherence and less 
elasticity in comparison with artisanal gypsum 
made with different phases (Sanz 2009). So a well-
executed historic outer rendering with traditional 
gypsum, that is, with smooth, well-compacted 
surfaces, resists the impact and damp of rainfall 
very well, which favours partial hydration of the 
anhydrous phases it contains, thus avoiding poros-
ity and increasing the mechanical resistance of the 
rendering (Sanz 2009).

4 ABANDONMENT AS A CONSTRUCTION 
MATERIAL

The main reason that gypsum was not used after 
the second half  of the 20th century despite its 
positive qualities was that it was so fast-setting. 
In order to use it in building, apart from a mas-
ter mason, another bricklayer had to be present to 
help him all the time by preparing small quanti-
ties of gypsum, which involved extra labour, unlike 
lime or cement.

Besides, at the beginning of the 20th century the 
first industries of artificial cement appeared, con-
cretely in 1922 in the province of Valencia (Mar-
tínez 1998), so a new material came on the market. 
It had the advantage that larger amounts of mortar 
could be prepared to use over a longer time span, 
without requiring so many hands, and the mortar 
was more resistant and set more slowly. But since, 
to begin with, cement was much more expensive 
than gypsum, its use in new constructions was 
gradual and not immediate. Everything changed 
when the cost of labour increased due to a rise in 
wages. Construction with gypsum was no longer 
economic so cement was nearly always used and 
the myriad applications of gypsum and its specific 
constructive technique fell into disuse (Vegas et al. 
2013). Furthermore, the Civil War brought about 
a generational breach, so many workers were no 
longer familiar with traditional construction after-
wards (Sanz 2009) and the migratory phenomenon 
from rural areas to the cities meant that gypsum 
was no longer produced by traditional methods.

5 CONCLUSIONS

The recuperation of the traditional artisanal pro-
duction of gypsum starting by reopening the his-
toric quarries would mean retrieving a material 

with many applications and properties. It would 
mean rescuing a construction material with a 
very different composition from current industrial 
products, but which has withstood the passage of 
time and in many cases also abandonment with a 
great deal of resistance and dignity, as we can see 
in the traditional constructions in the province of 
Valencia. Besides, it would also involve retrieving 
constructive techniques that have unfortunately 
fallen into oblivion, but which are a mark of iden-
tity of local constructions. Finally and above all, 
the traditional use of gypsum would involve apply-
ing sustainable, ecological, environment-friendly 
criteria, both in restorations and in new construc-
tions and rescuing the constructive wisdom of our 
ancestors to enhance architecture and the quality 
of life of those who occupy it.
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Historical centers in Sabine, Italy: Links between architecture 
and environment
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DESTeC, Scuola di Ingegneria, Università di Pisa, Pisa, Italy

ABSTRACT: Bernard Rudofsky defines •spontaneous architectureŽ a silent testimony of ways of life 
that has its roots in human experience. Actually, experience and talent are what allowed the development 
of this sapient form of architecture, whose •onlyŽ tie has been the need to suit the environment, both 
in terms of morphological support and in terms of available resources. In the Middle Ages a peculiar 
example of spontaneous architecture was developed in Low Sabine: small fortified villages constituting 
a homogeneous and well identifiable whole. Praiseworthy studies on the architecture of small historical 
centers have interested almost all the Italian territory, without however analyzing in detail these villages. 
For this reason this paper aims to treat them in a more organic way, focusing on the common features 
and the constructive peculiarity and, at the same time, underlining the deep link among architecture and 
environment that they express.

change, in which man and land were constructively 
compared, producing recognizable landscapes, 
expression of different conceptions in the use of 
the natural resources.

This process of landscape construction, even 
though it had already started in the Roman period, 
it had the moment of maximum development in the 
phase of incastellamento (encastellation), during the 
Middle Ages. At that time in fact there was a shift 
from a dispersed habitat to an habitat concentrated 
in fortified villages, real directional centers of the 
civil and religious power. At the same time, there 
was the reorganization of the countryside below, 
according to that logic characterized by concentric 
areas with vineyards and olive-groves nearest, and 
with sowed fields and pastures farther.

This complex articulation, beginning from the 
15th century, starts to disarticulate. In the 19th cen-
tury there is a brief inversion of tendency, but the 
phenomenon actually continues incessant to our 
days, until the middle of the 20th century, when the 
population•s exodus from the inside areas sweeps 
away definitively the economic and social tissue 
that had produced that system of landscapes.

Today those ancient structures of landscape, 
even when they seem to remain, in reality they are 
just surviving, with evident repercussions on the 
ecological and environmental orders.

The term Incastellamento was introduced by 
the historian Pierre Toubert, one of the major 
French medievalists. With his studies he submit-
ted the ideas related to the castles formation to a 
radical revision, focusing his researches on Lazio 

1 INTRODUCTION

The Low Sabine, located between Rome and the 
Umbria region, is one of the areas with higher 
value for the beauty of its landscape in the Prov-
ince of Rieti and in all the Lazio region, as evi-
denced by the predilection for these lands by the 
ancient Romans, who built here great aristocratic 
villas, integrating otium and rural activities.

Its territory extends from the slopes of the Sabin 
Mountains to the Plain of the Tiber, while between 
them unfolds the ample band of hills with olive 
groves that strongly characterizes the landscape of 
the whole Sabine.

The identity of this territory in fact is deeply 
linked to the secular olive cultivation, which has 
not only produced over the centuries a particular 
care and equilibrium in the use of resources, but 
also a specific landscape that today is unfortu-
nately endangered, both by the difficulties of this 
production and by the pressures practiced by the 
Roman metropolitan area.

From the mountain slopes to the alluvial plains, 
the structure of reliefs and the mosaic of grounds 
offered a support rich of several resources for the 
location of human settlement.

With this environment, local communities have 
woven over the centuries a relationship of cohe-
sion, so that the qualities that still today define 
the identity of this territory do not depend only 
on its physical-natural components, but rather 
they constitute the tangible result of an evolution-
ary process of continuous reinterpretation and 
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and particularly on Sabine. For the researcher that 
territory, rich in medieval sources and endowed 
with less dynamism in comparison to other Italian 
regions, was well suited to the study of the ancient 
forms of land occupation.

Toubert, often in polemic with the more obvious 
explanations, but always aware of the comparisons 
among the various Italian realities, describes the 
medieval castle not only as an instrument of land 
control by the local lords, but also as a guide for the 
agricultural land organization, and for the dynam-
ics of population. So the medieval Lazio described 
by the historian becomes a useful element of com-
parison to understand the specific characters of 
the phenomenon in the other Italian regions.

Regarding the genesis of the incastellamento, 
for Toubert in Lazio we cannot find castles built 
by anyone but the local lords: for them in fact it 
was crucial to create, with the system of castra, a 
more effective control instrument of the territory. 
The researcher therefore rejects the traditional 
catastrophic theories that consider incastellamento 
the simple answer of the local communities to the 
Saracen or Ungharian threat: he surely attributes a 
certain importance to this reason, but modest.

Toubert underlines also that castra must not be 
considered singly, but rather as part of a net gravi-
tating around a pole„for instance a church, a great 
abbey or a powerful family„and aiming to become 
the control scaffolding of larger powers, such as the 
Papal States or the nearby Abbey of Farfa.

We should pay attention also to the dates con-
tained in the studies of Toubert.

From the 8th Century to the 10th Century the 
feudal model„with small stable settlements built 
near hermitages or chapels„was developed.

This was the embryonic situation on which, from 
the beginning of the 10th century until the middle 
of the 12th Century, there was the transformation 
of curtes in fortified castles. At first, they were very 
small centers, with the first signs of fortification 
constituted by watch towers, around which the 

houses were disposed. Then, gradually, the curtain 
walls were built, defining the limit between the 
built zone and the natural areas.

Therefore, can be noticed a historical continuity 
of settlement in this territory, that appears nowa-
days as the result of a long stratification, during 
which every period has been the reference point for 
the following one.

The attestations of the Roman period in the 
territories of Montasola, Casperia, Vacone, Can-
talupo, Stimigliano and Torri in Sabina are really 
representative of this process.

2 URBAN DEVELOPMENT AND 
BUILDING TYPOLOGIES

The urban tissues that consolidated over the centu-
ries inside the castra, result deeply and harmonically 
related to the morphology of the territory on which 
they arise. For this reason they often represent 
very important visual evidences, strengthening„
together with the natural and agrarian landscape„
the distinctive features of the Sabine territory.

From the observation of maps and aerial photos, 
the influence of the morphological support on these 
settlements results immediately evident: it clearly 
imposed different models of urban development.

The following images, referring to different 
morphological supports, show a primary distinc-
tion between settlements on slope, on highland, 
and on hill (or knoll). This last type is clearly the 
most widespread.

Using the same division in Environmental Sys-
tems, defined in the territorial plan of the Province 
of Rieti (PTCP Piano Territoriale di Coordina-
mento Provinciale), below the historical villages 
examined are listed.

… System of the Tiber•s plain and the first hills 
overlooking the river: Magliano Sabina (on 
highland), Foglia (on hill), Stimigliano (on hill), 
Forano (on hill), Poggio Mirteto (on hill), Mon-
topoli di Sabina (on hill).

… System of the first calcareous Apennines (Sab-
ine and Lucretili Mountains): Montasola (on 
hill), Roccantica (on slope), Catino (on slope 
Poggio Catino (on hill).

… Hilly system of the High Sabine: Collevecchio 
(on hill), Tarano (on hill), Torri in Sabina (on 
hill), Casperia (on hill).

… System of the first hills of the Middle and 
Low Sabine: Magliano Sabina (on hill), Toffia 
(on hill), Monte Santa Maria (on hill), Poggio 
Nativo (on hill), Frasso Sabino (on hill), Cas-
aprota (on hill).

… System of the first valleys and internal hillsides: 
Bocchignano (on hill), Castel San Pietro (on 
hill), Salisano (on hill), Mompeo (on hill).

Figure 1. Sabine landscape (Landi).
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Pierre Toubert gives also the first interpretation 
of the urban development of these villages, with-
out however entering in the detail of the develop-
ment criteria. In fact, he identify only the typology 
of castrum that predominates in Low Sabine„the 
fortified village perched on a natural summit„that 
he defines castrum of population or Lazio•s type cas-
trum. Such type of castra usually result endowed, 
inside its walls, with a second inner fortress„the 
roccacastri„in which the dominus castri resided 
with his hentourage, and in which frequently were 
based also the curia castri and the milites castri.

The analysis and surveys show also that the area 
between the two curtain walls, was gradually occupied 
by the houses of the inhabitants, which were at first 
only rudimentary handcrafts in wood and straw.

Then, over the centuries, these were replaced by 
more enduring stone handcrafts, built at first in the 
areas closest to the fortress, then in those along the 
curtain wall, and finally in all the residual spaces.

In fact, at first, the proximity to the rocca castri 
was favored for safety reasons, as it was a possible 
refuge in case of bandits attacks. Then, according 
to a logic of optimization of the resources, it was 
preferred to build along the curtain wall, to take 
advantage of it as wall or as basement for terraced 
houses, with very similar dimensions both in plan 
and in elevation (as showed in Figure 4).

Finally, with the growth of  population, all the 
available residual spaces were occupied, giving rise 
this time to houses with very irregular forms„

literally labyrinthine„as they were the domestic 
representation of  the urban meanders in which 
they were built.

However, it is important to underlined that also 
this last phase of development was done accord-
ing to a strict logic of optimization of resources, 
especially in terms of manpower and construction 
materials. For instance, the least possible excavated 
materials were used, but rather men took advan-
tage of the ground gradients, building particular 
rooms of the houses„as for example cellars or 
stores„in it, then, partly underground.

The Figure 5 illustrates this development model 
for the castrum of Poggio Mirteto, hypothesized on 
the basis of surveys in situ and archival documents.

For the aforesaid reasons the network of roads, 
and consequently the aggregates of houses, was 
designed according to the slope of the ground, 
giving rise to recurrent and identifiable scheme of 
planimetric development. That•s why a common 
feature was that the main streets seem to trace the 
sinuous ground curves of level.

Moreover, secondary connections generally were 
traced along the straight lines of maximum incli-
nation of the slope. Then, in this network, more or 
less regular open spaces were created.

Figure 2. Selci, Map of the Catasto Gregoriano (1816…
1835) (Archivio di Stato di Rieti).

Figure 3. Centers on slope (Roccantica), on highland 
(Magliano Sabina), and on hill (Poggio Mirteto) (Maps 
taken by the web page •Google mapsŽ and elaborated by 
the author).

Figure 4. Torri in Sabina: Houses built over the curtain 
wall (Landi).

Figure 5. Castrum of Poggio Mirteto: Planimatric 
scheme (Landi).
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Figure 6 illustrates the more diffused models of 
development among the villages of the Low Sab-
ine, which are easily recognizable both in the aerial 
photos and in the historical cartography.

Speaking of the development processes of these 
centers, it is important also to remember that, after 
the exhaustion of all the available areas, with the 
growth of the population, the villages develop-
ment did not stop, but rather continued undaunted 
in elevation. Like a living organism, cubic meter 
after cubic meter, new volumes were gradually built 
above the streets, supported by wood floors or by 
barrel vaults and cross vaults, connecting buildings 
located on opposite sides of the streets. Some exam-
ples are illustrated in Figure 7. The shape of houses 
clearly depended on the development mechanisms 
of the urban tissue in the area of construction.

3 THE LOMBARD MASTERS: 
INNOVATIONS AND 
CONTAMINATIONS IN THE LOCAL 
CONSTRUCTIVE CULTURE

If we go beyond the observation of the buildings in 
their whole, and we watch the wall textures, we can 
draw a lot of information on the development of 
these urban tissues. Behind those rows of stones, 
overlapped one by one in periods very far from 
urban plans, there was first of all the job of mas-
ter masons who have succeeded, together with the 
techniques and the tastes, interpreting them and 
giving them a shape.

The construction techniques in the Province of 
Rieti, until the Middle Ages, showed to be based 
on a well defined tradition, but it seems to van-
ish around the end of the 14th century, when the 
bibliographic sources struggle to define specific 
professional skills in this area.

A radical change can be perceived since the 
beginning of the 15th century with the arrival of 
numerous Lombard craftsmen, coming from a 
wide band of the North of Italy. And so, between 
the 15th and the 17th centuries, the building activ-
ity in the whole Province of Rieti is permeated and 
oriented by the knowledge of the so-called Lom-
bard Masters, skilled in the manufacture of bricks, 
in the buildings construction, but also in the activi-
ties of stonemasons and plasterers, so that they got 
in a short time the leadership of this filed in the 
great part of central Italy.

The presence of Lombard Masters in Sabine 
stimulated a vast process of cultural mingling, not 
only for the meeting between their techniques and 
the local tradition - that couldn•t at all to contrast 
the new competitor„but rather for the meeting 
between their technological baggage and the local 
resources in terms of construction materials.

Figure 6. Centers on hill (from left to right, from top 
to bottom): Salisano, Montasola, Montopoli di Sabina, 
Catino, Bocchignano, Poggio Catino, Selci, Casperia, 
Fara Sabina (Maps taken by the web page •Google 
mapsŽ and elaborated by the author).

Figure 7. Wood floors and barrel vaults supporting 
new volumes in Salisano, Cottanello and Poggio Mirteto 
(Landi).

Figure 8. Poggio Mirteto: Terraced houses over the cur-
tain wall (Landi).
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An important example of their work is the 
church of St. Michael Archangel in Contigliano, 
built with the typical Lombard technique charac-
terized by the building textures in stone, and the 
bearing members in brick, for which a great preci-
sion was necessary.

Several documents attest besides the realization 
of more complex architectural structures, such as 
barrel vaults or cruise vaults (in fact it was quite dif-
ficult to require that ones to the local craftsmen).

So, little by little local masons acquired the inno-
vations brought by the colleagues of the North of 
Italy, and all the subsequent building activity in the 
Province of Rieti, in the greatest centers as well as 
in the smallest ones, was influenced by this success-
ful experience of cultural exchange.

4 ANALYSIS OF THE CONSTRUCTIVE 
TECHNIQUES AND MATERIALS

Brick was the favorite material for the structural 
parts of the constructions as vaults, arcs, shoulders 
of windows and doors.

The Low Sabine fortunately was very rich in 
clay, necessary for the production of bricks, espe-
cially in the sub-alluvial areas.

The ordinary bricks (25 x 12 x 6 cm) were par-
ticularly suitable to realize the structurally more 
important parts of buildings, both for their facility 
of installation and for their manageability.

It is interesting to remember that the barrel 
vaults and cruise vaults in brick, were useful espe-
cially in the rooms of the ground floor, where they 
were preferred to the wooden floors because they 
better safeguarded the building from possible fires.

The use of bricks however was also common for 
the realization of roofs, where the use of the coppo 
was preminent, and for the floorings, generally 
made with bricks of thickness 2.5 cm, rectangular 
(30 x 15 cm) or square (25 x 25 cm).

For the principal and secondary structure of 
floors and roofs, wood clearly dominated uncon-
tested, but it was often used also for realizing lintels 

of doors and windows, where it was employed pri-
marily in virtue of its elasticity.

However, among the different construction 
materials employed in this area, the stone materials 
are those that most evoke the rooting with the ter-
ritory. They were mainly employed for the realiza-
tion of walls, and sometimes also for the realization 
of lintels and shoulders of doors and windows.

It is significant also their use for the pavements 
of lanes and squares, which contributed to create 
that chromatic homogeneity, that made look build-
ings and urban spaces as an harmonious whole.

Observing the geomorphological structure of 
Low Sabine, we can have a very clear picture of the 
construction materials used in this region.

The geological history of Sabine lives a moment 
of primary importance at the end of the Mesozoic, 
when„together with the Appennine„the pre-Ap-
pennines chain of the Sabine Mountains rises as 
well. This mountains, overlooking the Tiber basin, 
are a calcareous chain, characterized by folds 
milder than the nearby Appennine reliefs. From a 
geological point of view, the rocks of these moun-
tains were formed at the edges of the so-called 
•Lazio-Abruzzo platformŽ, which is defined •suc-
cession of Umbria-Marche-SabinaŽ.

In the Low Sabine instead, as we get closer to 
the alluvial flood plain of the Tiber, the outcrop-
ping geological formations, go from the Pliocene 
to the Quaternary, and present different stratifica-
tions characterized by sands, clays, natural con-
glomerated, lithoid and yellow tuffs.

From these geological story, here shortly 
described, derived the materials that men over the 
time has learned to extract and work, transforming 
them in material proper to build.

In the area closest to the Tiber plain, especially 
between Collevecchio and Magliano Sabina, has 
a significant role the tuff. The alluvial areas are 
characterized by a strong presence of sands, peb-
bles and polygenic cemented conglomerates„fos-
sil trace of the ancient Tiber bed„widely used as 
building material.

Near Fara Sabina, Poggio Mirteto, Poggio San 
Lorenzo, Poggio Nativo, Magliano Sabina, Tarano, 
Collevecchio and Scandriglia there were quarries 
of grey leocitic pozzolana, used for the mortars.

The material mostly employed in the rural build-
ings of the whole region was the calcareous stone, 
diffused in various forms in the whole area, espe-
cially the •ordinaryŽ white with gray veins, char-
acterized by discontinuity of mass and by various 
tones of color, due to the oxides and the metal 
sulfides. It was spread also a limestone with porous 
structure, but with a uniform surface similar to tra-
vertine, the so-called sponga stone.

Along the axis of the Salaria, in the territory of 
Poggio San Lorenzo, there was a quarry of red lime-

Figure 9. Bearing members in bricks (Poggio Mirteto, 
Poggio Mirteto, Stimigliano) (Landi).
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stone with whitish spots. Other quarries of white, 
grey and rosy limestones with veins of calcite, were 
near Casperia, Roccantica, Poggio Mirteto and 
Fara Sabina, and they were used almost exclusively 
as local building materials.

However, the most famous stone in the Prov-
ince of Rieti was the marble of Cottanello, used in 
several religious and civil buildings, and present in 
two typologies: the first one was pink pale colored, 
compact and polishable but poorly resistant in 
the outdoor, and the other one was red colored, 
with white veins of calcite (this was largely used in 
Roman Baroque).

5 CONCLUSIONS

Dealing with the history of the constructions in this 
territory and its landscape, underlining the multi-
plicity of its resources, retracing the mechanisms 
of settlement, highlighting the processes of cultural 
mingling, this paper aims to put the attention on 
the small fortified villages of the Sabine region.

That•s why, the historian Pierre Toubert had 
indeed identified these villages as precious testi-
mony of an important turning point in the organi-
zation of the human settlements, but on the other 
hand„later„they have not been subjected to a 
deep attention, as instead have been other areas of 
the Italian territory.

Therefore, getting many information from the 
work of passionate local researchers, and many 
other from direct observation, the objective is to 
underline the components of this clever architec-
ture without architects, that amazes for the real 
synthesis between matter, form and resources, and 
that - surviving at the social and cultural changes„
remind us the deep sense of equilibrium, belonging 
and integration between man•s work and environ-
ment as it was, and as we hope it will be again.
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ABSTRACT: This research explores the vernacular architecture of the Choapa Valley, an oasis located in 
a semi-desert region of northern Chile known as •Norte chicoŽ [•Little northŽ], which has the particularity 
of being the narrowest part of Chile. Here the traditional architecture is a product of both the adapta-
tion to different environments and the syncretism between indigenous traditions and the Hispanic legacy. 
Although this area has been little studied, it is an important vernacular heritage that provides lessons for 
environment, society and economy through simple design solutions. The architecture throughout the Cho-
apa Valley was documented through field analysis in order to define its main features and to explore aspects 
of sustainability. This research confirms that the practice of vernacular architecture is an ongoing tradition 
constantly readapted to satisfy new needs, being a living reference for contemporary architecture.

This emphasis undermines the value of the study 
and preservation of the architectural heritage and 
local architectures, ignoring traditions on how to 
manage the territory and the habitat. At the same 
time in the rest of the world contemporary archi-
tecture is focused on reaching sustainable and 
energy-efficient designs to create a better quality 
of life and local ecosystems. This is an important 
challenge since the construction industry is one of 
the least sustainable on the planet (Edwards, 2004). 
In this context, vernacular architecture is interna-
tionally becoming a reference for a sustainable 
contemporary architecture. In what aspects can 
vernacular architecture contribute to the creation 
of sustainable buildings in Chile? This work begins 
with a reflection on how architecture is currently 
practice in Chile, focusing on examples of vernacu-
lar architecture and local cultures which meet the 
requirements of today.

2 VERNACULAR ARCHITECTURE IN 
CHOAPA VALLEY

2.1 The Choapa Valley

Chile•s geography is divided from north to south 
into territory of various climatic and geographical 
characteristics that determine the existence of a 
variety of local resources, cultures and vernacular 
architectures.

Choapa Valley (31°40•0ŽS, 71°0•0ŽW) was 
taken as a case study (fig. 1), because it is a little 

1 IMPORTANCE OF VERNACULAR 
ARCHITECTURE IN CHILE

Because of the wide geographic, climatic and cul-
tural diversity that shape more than 4,300 km of 
Chilean territory, a variety of architectural vernacu-
lar expressions have existed since pre Spanish times. 
The few examples of those that remain today are 
located mainly in geographically isolated rural areas 
or in territories that belong to indigenous people.

Examples such as the architecture of the Andean 
plateau in the north, of Valparaiso in the centre and 
of the island of Chiloé in southern Chile, have been 
extensively studied in recent decades both by aca-
demics and students of the Faculty of Architecture 
and Urbanism of the University of Chile. These 
studies focus mainly on the value of identity. Nowa-
days other less known examples are beginning to be 
studied and despite being less architecturally original, 
they are interesting because of their technological 
features and their values linked to sustainability. This 
is the case of the architecture of Choapa Valley.

This research corresponds to such a recent study 
based on the work of a fifth year student of Archi-
tecture under the guidance of two tutors, including 
original in depth fieldwork analysis and results.

1.1 Research problem

This research is based on the hypothesis that archi-
tecture in Chile today is almost exclusively orientated 
towards innovation and looking for new ways and 
technologies to meet construction requirements. 
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studied area, which has an ecological interest as it 
is inserted into a transition zone between the arid 
desert of the •big NorthŽ and the fertile area of the 
central region of Chile. This, along with determin-
ing a specific landscape and the presence of natu-
ral resources, allows the simultaneous existence 
of productive agricultural and mining activities, 
which have transformed the conditions of the terri-
tory and the local society, influencing architectural 
expressions and life style of the inhabitants.

Choapa Valley corresponds to an area of 184 km2 
(IGM, 2013) alongside the Choapa River (fig. 2). 
It is located in one of the narrowest parts of the 
country, with a length of about 115 km from east 
to west and an altitude that goes from 0 sea level to 
1400 m. This relatively contained region from the 
Pacific Ocean to the Andes has a diverse ecosystem 
and accordingly presents diverse variations in the 
vernacular buildings according to the different local 
identities in every sub geographical-climatic area.

During the pre-Hispanic period the valley was 
home to many different indigenous peoples who 
left their traces in the environment, among the 
most notable were the Diaguita Culture and the 
Incas. Existing vernacular housing in the area is an 
example of cultural syncretism which is the product 
of local materials mixed with constructive technics 
brought by Spanish settlers and local practices.

Many of these buildings have survived the 
strong seismic conditions in Chile. This along with 

the predominantly rural and isolated character of 
the valley has allowed the preservation of the local 
vernacular architecture.

2.2 Methodology

The main goal of the research was to identify and 
analyse the elements that makes this architecture 
sustainable.

The information was obtained through two par-
allel processes: fieldwork involving direct observa-
tion in the valley and a theoretical analysis through 
literature review. Both these aspects were continu-
ally developed at every phase of the investigation.

The first step was to characterise the valley, 
exploring the general features such as the location, 
administrative political situation, history, culture, 
climate, geography, demography, economy and 
available resources. From this, five territorial sec-
tors within the valley were recognized: 1) Coast, 
2) Dry Coast, 3) Fertile valley, 4) Arid valley and 
5) Foot-hills (Fig. 3). This territorial classification 
served as a framework for the comparison between 
the vernacular architecture of the valley and its 
response to local environment conditions.

A photographic register and survey (Fig. 4) of 
132 existing vernacular buildings was made, allow-
ing a qualitative-statistical analysis of the different 
types of architectures.

Figure 1. Location scheme with place names (Lobos).

Figure 2. Valley photo near Mincha (Lobos). Figure 3. Territorial areas and location of case studies 
(Lobos).
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In the second phase of the fieldwork, conver-
sations and interviews with the inhabitants were 
undertaken. This process allowed the understand-
ing of the particular lifestyles, the different ways of 
building and the process of extraction, processing, 
use and disuse of local resources.

Finally, eight representative cases with varied 
building systems of the different areas were selected. 
These were analysed in detail including technologi-
cal characteristics and the inhabitants perceptions 
and life experiences related to the buildings.

The last step was to analyse the contributions of 
the vernacular buildings to sustainability. This was 
undertaken based on the three pillars of sustain-
ability identified by the Brundtland report (1987). 
Environmental sustainability was evaluated by: a) 
care of the ecosystem and its biodiversity, b) use 
of local skills and use of natural resources without 
their depletion, c) energy efficiency and d) reduc-
tion of waste and pollution. For social sustainabil-
ity the factors considered were: a) quality of life 
and interior well being, b) social participation, c) 
identity and rootedness d) cultural development. 
Finally, economic sustainability was analysed by: 
a) management of resources and productive proc-
esses, b) satisfaction of basic needs and c) human 
energy and work capacity.

2.3 Significant buildings (case studies)

Here three significant cases will be discussed as 
they represent an evolved vernacular architecture 
that meets today requirements.

2.3.1 Dwelling in the foot hills (Fig. 5)
This example of vernacular architecture corresponds 
to a house located in the highest part of the valley. 
Construction began 73 years ago, with a rectangular 
building with half-timbering and daubed earth walls 
(wooden structure with fill in with vegetables fiber 
and clay) and thatched roof cover. Then, in a sec-
ond stage (Fig. 6) the current bedrooms were con-
structed attached to the south-façade. These rooms 
were also rectangular and with thatched roofs but 
with stone walls with mud mortar and render.

Finally, in a third stage, a kitchen attached to 
the north of the original volume was built, with 
walls in stone with mud mortar without render.

Among the important qualities of the house 
is its good conservation condition, the variety of 
construction techniques and the use of local mate-
rials such as earth, stone and native plant available 
in the surrounding territory.

However the internal conditions which influence 
well being present a challenge for sustainability. Ther-
mal comfort is adequate, while lighting, ventilation 
and acoustic comfort are regular. Still, the inhabit-
ants declare to be comfortable within their dwelling 
and express their desire to live there forever.

The house presents aspects of environmental sus-
tainability in its use of various local resources and 
their exploitation that is made gradually allowing 
the biosphere to keep its equilibrium. Furthermore, 
the material most commonly used is stone which is 
abundant in the region, while the natural thatched 
roof has been replaced for a synthetic due to the 
unavailability of the natural resource. Thermal 
inertia and cross ventilation contribute to energy 

Figure 4. Fragment of land: Type table (Lobos).

Figure 5. External photo of bedrooms (Lobos).

Figure 6. Plant of the dwelling (Lobos).
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efficiency. The use of earth as a building material is 
key to provide thermal inertia with large thick walls. 
Most of the components of the construction are 
of natural origin, which mean that when the house 
reaches the end of its lifecycle, it will be absorbed by 
the environment leaving a minimal impact on it.

The concept of self-construction typical in ver-
nacular architecture contributes strongly to social 
sustainability. Inhabitants are much happier because 
they are capable of modifying their homes by them-
selves to adapt them to new requirements. Families 
create a strong attachment to the place they live 
through its regeneration. The dwelling reflects the 
lifestyle of the valley, where the work of the land 
and dwelling are developed in the same space.

From the economic perspective, this construc-
tion presents a minimal cost as most of its compo-
nents are found in the immediate environment and 
which have a short efficient process of elaboration. 
Finally as the house is also a workspace it allows 
the family a space for economic development.

This construction establishes a benchmark for 
sustainability. From its conception, it considers the 
relationship between architecture and the environ-
ment at territorial, cultural and personal level.

2.3.2 Barn
This second case corresponds to a barn which stores 
straw (Fig. 7) located near the property of their own-
ers. It is a special case in the valley built with tradi-
tional wooden technologies with a natural thatched 
roof combined with a new material: prefabricated 
wooden panels which originate from packaging 
known as •palletsŽ. This demonstrates how ver-
nacular architecture evolves making use of what the 
environment offers, as today available resources are 
often the same wastes of human activity.

The building is a partially open volume struc-
tured with half-timbering made of local wood of 
eucalyptus and poplar and is enclosed partially 
with pallets.

In this way the walls protect the interior but at 
the same time allow good ventilation and lighting. 
The natural thatched roof is an important part of the 

traditional cultural landscape besides protecting from 
the wind and little rain of the zone. The eardrum is 
closed with Chilean palm leaves to stop the wind.

Since its conception this is an environmentally 
friendly construction. It is built from the abundant 
timber resource that is extracted gradually to allow it 
to grow again. The economical and energetic cost for 
extraction, transport and processing of materials is 
very low because everything is obtained in the imme-
diate environment. All components, except nails and 
wire, will have minimal impact on the environment at 
the end of their life cycle. Another interesting aspect 
is that the barn incorporates recycling through the 
re-use of industrial material such as the pallet.

From the social sphere, it is an example of a 
local living building culture and of a participative 
design that creates sustainable links between the 
inhabitants. Vernacular architecture is itself  a con-
tribution to social sustainability as it represents a 
living tradition which remains in time (Trebbi del 
Trevigiano, 1985).

From the economic aspect, this construction has 
a minimum cost thanks to the materials employed 
and due to it being self-constructed. Along with 
this, it has a design that facilitates maintenance, 
allowing the inhabitant to ensure the durability 
of construction. It shows how the knowledge of 
the building technics and the people•s carefulness 
reduced considerably the costs of maintenance.

2.3.3 Tobacco curing house
This type of building (Fig. 8) is an important 
example of local identity of Choapa Valley, where 
dwelling goes along with the work of the land. This 
is a typical vernacular expression of agricultural 
development in which construction is performed 
only with local work and resources to adapt the 
environmental conditions. Thus, tobbaco dryers 
are today part of the identity of the region due 
to its productive use, its building tradition and its 
presence in the landscape.

The building is used to dry tobacco and has 
multiple horizontal wooden elements inside that 
are used to hang the leaves. It is a double height 

Figure 7. Barn photo (Lobos).
Figure 8. Tobacco curing house photo (Lobos).
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volume where the structure is half-timbered filled 
with adobe blocks vertically tied with wire, covered 
with earth rendering. It has windows on all four 
facades of the first level and holes at the base and 
on the roof to regulate the ventilation.

Although this construction houses a polluting 
productive activity it searches through architecture 
to minimize any waste that can damage the environ-
ment through an energetic and thermally efficient 
design. Also it produces little waste in the produc-
tion process, since the excess material is used as fire-
wood to dry the tobacco. Along with this, recycling 
bottle caps are use to adhere the mud render.

Today the building is used as a warehouse since 
tobacco is not currently produced, demonstrating 
how the re-use of existing resources is a theme of 
vernacular architecture and in doing so maximizes 
resources. Nonetheless, the tobacco curing house is 
an architecture that is part of the cultural identity 
of the place.

In this particular case the building constitutes 
an investment which provides the family an income 
through a human-scale productive activity with the 
handmade and traditional curing of tobacco.

Regarding the economic aspects this is also a low 
cost construction as well as providing the develop-
ment of productive activities.

3 LOCAL ARCHITECTURE AS A 
REFERENCE OF SUSTAINABILITY

3.1 Sustainability reflections

After analyzing the valley and its different types 
of vernacular architecture we were able to deter-
minate certain characteristics of sustainability that 
are repeated throughout the territory. In general, 
the constructions propose simply solutions but 
which efficiently meet the requirements. They con-
tribute to the sustainability creating a bond with 
the natural environment (Vásquez, 2009) in which 
we can re-cognize the interdependence between the 
constructed and natural habitats.

From an environmental point of view the respon-
sible use of resources is recognized. The extraction 
of resources is done in a measured way having a 
lower environmental impact and protects local eco-
systems. The care that constructors take over the 
conservation of resources is notable. Each element 
that is removed from the surroundings is used in its 
entirety, reducing waste and the impact of its use. 
Also the use of only immediate available materials 
reduces transports efforts. Finally, the use of natural 
resources as building materials gives the construction 
a circular metabolism as materials are first extracted 
and then reincorporated by the territory after having 
served its purpose. In this way the buildings can be 

understood to be sustainable as they provide habitat 
that is socially demanded and operate by closing the 
lifecycles of the materials in all the processes implied 
in their use (Arca-Abella, 2011).

Energy efficiency is present in the passive design 
of the constructions which mainly focuses on thermal 
control. This is achieved by thick walls mainly filled 
with earth which provides high thermal inertia. Cross 
ventilation and ventilation at roof and wall junctions 
is also a common element, taking advantage of a con-
struction limitation to contribute to internal comfort. 
Finally, the production process of materials has a 
minimum carbon footprint as it is done locally.

From a territorial point of view there is recogni-
tion that water is a scarce resource. The buildings 
are located in a way they can receive the benefits 
of the river, but without contaminating it, either 
during the construction process or during their 
use. This is achieved by locating the buildings apart 
from the shore.

Finally there is a conscience of recycling in the 
local culture where nothing is wasted. This can be 
appreciated in the use of building materials which 
incorporate elements in disuse to build and in the 
change of use. The vernacular buildings never are 
abandoned but when they no longer serve their 
original function they are assigned a different use.

In terms of social sustainability the vernacular 
buildings present several aspects to consider. First 
of all they are self-built designs which imply that 
they answer specific needs of a particular inhabit-
ant. In this way, the constructions allow the resi-
dents to live as they wish and help them to connect 
with the territory and landscape through outdoor 
activities which are part of the local identity.

Also the inhabitants are clear on the environ-
mental conditions that ensure housing comfort 
as well as hydric requirements for which there are 
construction solutions, along with using the ter-
rain for protection from the wind, the majority of 
constructions are located on the hillside. Finally 
of the materials there is a preference for ones that 
contribute to the thermal comfort.

These buildings are a reflection of autonomy 
and local participation, indicating that the source 
of development is the society itself. This society 
is evolving and readapting their constructions as 
their needs change but always maintaining the 
constructive tradition. It is fundamental for sus-
tainability that there is articulate, informed and 
instrumentalized citizen participation (Serrano, 
2009). These buildings are built in a determinate 
way because this is the system that the inhabitants 
have learned from their ancestors. Along with this 
the community activity of self-building promotes 
social cohesion. The families and neighbors help 
each other to build creating constructive cultures 
in the different sectors of the valley.
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It is essential to mention the symbolic value of 
these buildings. They are constructions that reflect 
the relationship between the humans and the val-
ley territory. There are no intentions to confront 
the environment; the constructive solutions are 
direct answers to what it has to offer and what is 
demanded of it. This results in minimum interven-
tions in the landscape. In the Choapa Valley there 
is a culture of working the land. The vernacular 
architecture allows that the inseparable bond 
between the habitants and their work is main-
tained. Therefore the vernacular architecture of 
the valley is socially sustainable because from its 
conception it seeks to contribute to the develop-
ment of individuals.

In terms of economic sustainability the topic of 
local resources is very relevant. These are managed 
in a way to not abuse the environment and to avoid 
their depletion. When a resource becomes scarce it 
is replaced for another avoiding its total disappear-
ance. This is relevant because the essence of sus-
tainable economic development is the management 
of natural resources in an effective way for which 
local participation is essential (Glover, 2010).

The constructive process is handmade and 
there is no industrialized processes related to it. 
This creates jobs for the inhabitants as they pro-
vide the labor to build their dwellings and spaces. 
In this way the construction has a minimum price, 
which is enhanced by using materials obtained at 
zero cost. On the other hand the existence of these 
buildings facilitates the realization of local produc-
tive activities; ensuring the economic profitability 
for its inhabitants.

It is important to state that all the previously men-
tioned variables are working together. The vernacu-
lar buildings of the Choapa Valley are sustainable 
because they obtain a balance between social, envi-
ronmental and economic development. Many of the 
ideas of sustainability outlined above can also be seen 
in numerous other examples of vernacular architec-
ture both Chile and the world. This underlines the 
necessity to observe the experience of the local build-
ers to create actual sustainable architecture. Finally, 
after everything above, is evident that simply pro-
moting the preservation and learning of vernacular 
architectures is a sustainable action itself.

3.2 Conclusions

The Choapa Valley study shows that vernacular 
practices are part of an ongoing process that con-
tribute to development through the adaptation of 
local resources„which can be waste materials„to 
the construction of the habitat. Therefore vernacu-
lar practices are far from being an obsolete reality 
from the past.

Today, more than ever, the study of vernacular 
in the preparation of future architects is impor-
tant. To understand the permanent and complex 
bond between architecture, ambient, society and 
habitat should be considered at the beginning of 
the architecture project.

The investigation leaves open several questions 
that may be addressed in future studies, for exam-
ple: a) What is the hygro-thermal behavior of the 
various architectural styles found? b) What are 
the local craft skills that still exist? c) What is the 
availability of the materials used in the vernacular 
construction and, in case of deficiency, which ones 
could replace them?, amongst many others.

Finally, the relevance of this investigation lies in 
an analysis of the previously undocumented Cho-
apa Valley architecture. This not only contributes 
to the recognition of an anonymous heritage, but 
also serves as a new interpretation placing it as a 
contemporary sustainability benchmark for con-
temporary architecture.

NOTE

This article is based on the research •Arquitec-
tura vernácula del valle de Choapa. Nociones de 
sostenibilidad en las expresiones de arquitectura 
local• (Vernacular architecture in Choapa Val-
ley. Notions of sustainability in local architecture 
expressions) developed during the second half  of 
2013 at the Universidad de Chile.
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ABSTRACT: The cultural landscape of the pre-Saharan regions of Southern Morocco presents a 
strong contrast between lifestyles that have preserved identity relationships with traditional habitat and 
new settlement patterns influenced by globalization. These realities are conditioned by two phenomena: 
the presence during summer of Moroccan emigrants from Europe and the visit of tourists that search 
an encounter with an exotic traditional world. Both have an impact in the form and materiality of the 
contemporary architecture of the region. The question is if  the encounter between traditional culture and 
the new constructive needs brought by the touristic sector will preserve identity relationships linked to 
tradition, and how these identities may be protected and preserved.

2 TYPOLOGICAL AND FORMAL 
TRANSFORMATIONS IN DWELLINGS

The first studies on southern Moroccan archi-
tecture date from the 1930s and the works of 
Montagne, Laoust y Terrasse, followed by the 
researches of Jacques Meunié. In the last decades 
of the twentieth Century and the early decades of 
the twentieth-first, researches have focused on the 
analysis of the building techniques and the con-
structive use of earth, with the works by Hensens, 
Karim, Mimó, Rauzier, Naji and Soriano. A recent 
study by Díaz del Pino, García Alcántara and 
Natoli Rojo showed the evolution of earth dwell-
ings in the Mgoun Valley. Research focused on the 
traditional fortified house, called tighremt in the 
Amazigh language of the region, and analyzed its 
evolution up to the definition of the contemporary 
model (Fig. 1). Through the replacement of tra-
ditional materials and formal changes, the process 
of abstraction that took place has done away with 
many of the monumental references and has pro-
duced important alterations in significance. The 
original tighremt presents a characteristic square 
plan and is several floors in height, with a terraced 
roof. It has four slender corner towers richly deco-
rated with geometric and symbolic motifs that also 
have a structural function (Fig. 2). The evolution 
of this architectural type limits the importance 
of towers and gives way to a functional program 
adapted to new residential needs. In the final phases 
of this evolution towers are totally done away with, 

1 INTRODUCTION

The architecture of Southern Morocco is under-
going interesting evolutionary processes linked to 
local tradition. This is manifest both in the con-
struction of new dwellings and in the architecture 
of tourism. The present study acknowledges that 
architecture is conditioned by social change as well 
as by tradition. This is a complex field that swings 
between the search for the presumed authenticity 
of traditional architecture and the need to generate 
images of progress.

The architecture currently produced in Southern 
Morocco finds formal and typological references 
in traditional constructions, which original models 
come from the adaptation to a singular territory 
and a set of historical and cultural conditionings. 
The present research is a continuation of a previ-
ous research project: Landscape and Patrimony in 
Southern Morocco: A Proposal for the Develop-
ment of Sustainable Tourism, and in particular the 
study of the evolution of earth architecture in the 
Mgoun Valley (Díaz del Pino et al. 2012).

The present study offers a double perspective. 
On the one hand, new dwellings built on reinforced 
concrete with the financial resources of emigrants. 
On the other, tourism architecture that pretend to 
establish a link with the past with the construction 
of new buildings loaded with references to the local 
history and monuments or restoring existing build-
ings in which the use of de-contextualized formal 
resources pretend to be a guarantee of authenticity.
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windows are enlarged and volumes are more com-
pact and organized in three parallel bays.

To the typological evolution of earth dwellings 
must be added a new building type in reinforced 
concrete that appears in the last third of the twen-
tieth Century and coexists with the evolutionary 
sequence of traditional architecture. Here the con-
structive process is not related to the technique and 
materials of earth construction, although use is 
made of some formal elements that lent the tigh-
remt its symbolic and representational character. 
This new type of dwelling recuperates the tradi-
tional corner towers as a mere decoration linked to 
the identity feelings of local population (Díaz del 
Pino et al. 2012).This phenomenon takes place also 
in the pre-Saharan valleys. In mid and high altitude 
valleys traditional settlements are the result of the 
sedentarization of small family clans that build 
fortified dwellings forming small villages made up 
of groups of individual houses called douars (sing. 

douar). In the Southern valleys collective settle-
ments are the rule, and the habitat takes the appear-
ance of fortified villages called ksour (sing. ksar).

In both cases the traditional management of 
water, land and the territory is collective, this being 
one of the defining traits of traditional habitat. 
Nowadays, this settlement patterns are undergoing 
a disarticulation process that produces important 
imbalances in contemporary habitat and has a 
strong impact in architecture.

3 TOURISM ARCHITECTURE

Starting with the last decades of the twentieth 
Century, interest on the landscapes and culture 
of Southern Morocco has generated an important 
touristic development of great relevance to archi-
tecture, both in lodging models as well as other 
facilities like restaurants and handicraft shops.

The first development takes place with the con-
struction of large hotels that do not follow the 
practices of traditional architecture. Local architec-
tural and decorative elements are incorporated as a 
way to attract visitors. This takes place both in new 
buildings and in traditional dwellings that incorpo-
rate in their façades decorative elements, drawings 
of Berber inspiration and fake machicolations on 
their cornices. In many instances these lodgings are 
called kasba, a term little used by locals but with 
strong links to tradition and legitimacy (Fig. 3).

Figure 1. Phases of evolution of dwellings showing 
the transformation from the historical typology built on 
earth to the contemporary one in reinforced concrete 
(Lógicas Locales).

Figure 2. Traditional fortified house (tighremt) in Bou 
Taghrar (López-Osorio).
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It is worth noting that a growing number of tour-
ist facilities take advantage of restored buildings to 
offer the tourist the chance to lodge in a truly origi-
nal dwelling. In these cases results are not always 
satisfactory since there is a trend towards enlarge-
ments •in styleŽ barely distinguishable from the 
original building. More sensible restorations exist 
in which traditional materials and techniques have 
been used, offering an attractive balance between 
the respect towards original values and the archi-
tectural adaptation of the building.

4 AN ANALYSIS OT THE DYNAMICS OF 
TRANSFORMATION

Southern Moroccan habitat and architecture is 
going through a set of changes, visible in most pre-
Saharan valleys, which affect both the form and 
the matter of architecture.

One of the first transformational phenomena 
is the expansion of traditional villages occupying 
lands located above the water-channels and cultiva-
ble areas. New wells and elevated water deposits for 
domestic and agricultural use produce a decrease in 
phreatic levels that endangers traditional collective 
practices and the sustainable use of water. This situa-
tion worsens with the construction of touristic com-
plexes and their high consumption of water. This is 
happening nowadays in Marrakech, where there is a 
trend towards building large complexes of villas sur-
rounded by green areas, golf courses and artificial 
lagoons. There is little doubt that this model will be 
applied in many other areas of the country.

The construction of new dwellings in reinforced 
concrete is carried out with little or no assistance by 
architecture professionals. Financial resources come 
usually from emigrants. These build summer or 
retirement residences for themselves and offer finan-
cial support to relatives in the construction of their 
own houses as well (López-Osorio et al. 2012a).

The cost of these dwellings is higher than that 
of traditional ones, but it offers the opportunity of 
building by phases (foundations, structure, roof-
ing, closing and finishing) (Fig. 5, 7), something 
unthinkable in traditional earth constructions that 
must be built in a single phase due to the character-
istics of their materials (Fig. 4).

The process that generates dwellings thus departs 
from the secular dynamics of collective production 
of the habitat, becoming an individual action that 
may be identified with the shy arrival of the post-
modern condition to local society. The promoter 
comes back during the holidays from the cities of 
Morocco or from Western countries like France, 
Spain, Belgium or Holland.

He has become acquainted, in these countries, 
with quality standards higher than the local ones 
and has lived in homes designed from a function-
alist perspective, built by a globalized industry. 
This experience instills feelings of modernity and 
progress that lead to the neglect of local architec-
ture and generate the need for new spaces of social 
representation and identification.

The really striking feature of the phenomenon 
is not the functional and material modernity of 
these buildings but the fact that some of its com-
ponents show a conscious look towards traditional 
elements. Façades of reinforced concrete buildings 
incorporate corner towers now without any struc-
tural or functional use. These towers are formal-
ized by elevating the terrace parapet above the 
cornice line, becoming mere compositional games 
that include the opening of fake windows in the 
corners of the parapet (Fig. 6). The formal and 
typological definition of the new dwelling, that 
maintains or recuperates the square plan, as well 
as the four corner towers, are clearly an attempt 
at the appropriation of elements from the histori-
cal architecture and the symbols of domestic and 
tribal power, now at the service of showing off  the 
social and economic progress of an emerging soci-
ety. The process generates growing social differ-
ences among the population which impact in the 
long run is still difficult to assess.

The post-modern condition of this architec-
ture becomes manifest in its consideration of the 
architectural form as the transmitter of a symbolic 
message. As explained by Rossi (1995) outstanding 
urban symbols are to be understood as the cultural 
heritage of society and possess an inner strength 
that surpasses the value of the built object and its 
function: they are loaded with public significance. 
In our area of study this significance is attained by 
resorting to a local typology, the tighremt, reduced 
to a square volume provided with corner towers 
and built with modern materials. This evolution 
is not the end result of distilling the essences of 
a place or an architectural tradition, as has taken 

Figure 3. Touristic lodging in the Mgoun Valley (López-
Osorio).
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place historically in earth dwellings, but a simple 
symbolic reduction to an image.

The interpretation that this architecture makes 
of symbols is not without interest: it is so simple 
that complex motifs and traditional materials do 
not abound. Instead, it emphasizes the visual com-
ponent of symbols without losing the functional 
advantages of contemporary construction systems. 
These new buildings search for two sources of social 
significance: progress, since they are modern and 
functional, and social power, expressed by prestig-
ious symbols perfectly recognizable by local society.

The other dynamic that is currently modifying 
the urban morphology of pre-Saharan valleys is the 
arrival of tourism. The use of formal and decora-
tive resources as an advertising gimmick in all sorts 
of touristic buildings is also worth of analysis from 
the post-modern perspective. The use of symbolic 
and decorative elements of the traditional reper-
toire contributes to the creation and diffusion of 
symbols and gives this architecture an appeal that 
would otherwise be absent. It is on façades that this 
display takes place in order to inspire in the tourist 

familiar images popularized in its country of origin, 
easily understandable by those who do not have the 
time or the inclination to dwelve in local reality.

As opposed to residential architecture, in tour-
ism architecture cultural identity and power sym-
bols are interpreted in a very shallow way. The 
architecture of the advertising-building brings it 
close to popular culture and mass communication 
that would apparently be alien to the region: the 
priority is sending simple and effective messages 
that attract the attention of potential clients. It is 
not casual that main roads are crowded with kas-
ba-hotels ads.

This phenomenon, long present in the urban 
landscape of Western countries, has reached in 
the past few decades to the farthest places of the 
planet. Also in pre-Saharan valleys reality has lost 
its primacy: images and simulations elaborated on 
the local imaginary have now taken the place of the 
real thing. A whole set of representational artifices 
produce a staged landscape belonging to hyper-
reality (Baudrillard 1993). In the words of García 
Vázquez (2004: 82) •what was once true and con-

Figure 4. Contemporary dwelling built with earth in Aït Khlifa, Mgoun Valley (García-Sáez).

Figure 5. Construction process of a reinforced concrete 
building in Issoumar, Mgoun Valley (López-Osorio).

Figure 6. Contemporary dwelling in Alemdoune, 
Mgoun Valley (López-Osorio).
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tinuous is giving way to the simulated and superfi-
cial, reality is giving way to hyperrealityŽ.

In most architectural interventions on tourist facil-
ities, both new and restored, there is a drift towards 
banalization of reality. Iconography is invented or 
re-invented on poorly understood sources, mix-
ing up Berber and Arabic motifs, the repertoire of 
the latter being more familiar. In a society that is 
•affected by urgencyŽ (Hiernaux 2009), tourists that 
visit Southern Morocco never get to know what lies 
beneath the images they see. This superficial rela-
tionship with reality facilitates approaching land-
scape ready for consumption: realities that are not 
such, landscapes made of hollow images that lack 
the depth of the events necessary for their creation. 
It is probably true that human perception makes a 
poor distinction between reality and fantasy.

One might think that the banalization of land-
scape (Hiernaux 2009) is due to the fact that con-
temporary society settles for the apparent, the 
visual, the immediate. One might also wonder for 
the reason of the disaffection shown by actual soci-
eties towards the places where they built, which sig-
nificance seems secondary in the face of what they 
build. This lack of connection between form, mate-
riality and context is precisely what characterizes the 
finished manifestations of hyperreal architecture.

5 CONCLUSIONS

The pre-Saharan valleys of Southern Morocco 
are in an accelerated process of transformation of 
their cultural landscape. The question is to know 
if  a loss of material values entails also the loss 
of identity values, or if  true cultural authenticity 

resides in the intangible values present in current 
models of domestic architecture.

According to the Convention for the Safeguard-
ing of the Intangible Cultural Heritage 2003, intan-
gible cultural heritage consists of •the practices, 
representations, expressions, knowledge, skills [ƒ] 
that communities, groups and, in some cases, indi-
viduals recognize as part of their cultural heritage. 
This intangible cultural heritage, transmitted from 
generation to generation, is constantly recreated by 
communities and groups in response to their environ-
ment, their interaction with nature and their history, 
and provides them with a sense of identity and con-
tinuity, thus promoting respect for cultural diversity 
and human creativityŽ (CSICH 2003, Article 2.1.).

According to this statement of purpose, local 
populations are the agents of the intangible cul-
tural heritage, •constantly recreatedŽ on the basis 
of •a sense of identity and continuityŽ.

Also, •human creativityŽ may eventually modify 
culture as long as it promotes •respect for cultural 
diversity and human creativityŽ.

The transformation of architecture in Southern 
Morocco is based on tradition. This is especially 
manifest in the evolution of domestic types, in 
spite of the distortions brought about by the cul-
tures of emigration and post-modernity.

Tourism architecture, however, usually manipu-
lates the icons of tradition in order to present an 
evocative past for tourist consumption. Locals pre-
fer to live in a reinforced concrete building (Fig. 7) 
while tourists look for traditional ambiances in 
buildings loaded with staged scenographies.

There is then little option but to continue betting 
on policies promoted by national and international 
institutions to protect cultural landscapes. In 1994, 

Figure 7. Front: Dwelling wall built with reinforced concrete. Bottom: Traditional dwelling built on earth. Issoumar, 
Mgoun Valley (López-Osorio).
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the European Council broadened the concept of 
landscape to include al manifestations of local cul-
ture, singular or not, and the territory. The Interna-
tional Union for Conservation of Nature (IUCN), 
in its definition of •natural landscapeŽ, acknowl-
edges the scenic value of landscapes. The UNESCO 
coined the concept of •cultural landscapeŽ and 
included in its World Heritage list those traditional 
agricultural spaces of outstanding aesthetic values. 
The same policy is followed by the European Land-
scape Convention 2000, which applies the concept 
of landscape to the totality of the territory, incor-
porating natural spaces as well as rural and peri-
urban areas (European Council 2000).

The issue of protection, form the point of view 
of the present research, touches two fields. On the 
one hand the preservation of original architectural 
elements, on the other the acceptance that the 
unavoidable transformations move down the right 
path. In the first case there is little hope that pro-
tection policies based on strict regulations might 
be applied to all architectural items, much less in 
those countries with other social and economic 
priorities. In the best case scenario, when such 
policies succeed to be applied they remain lim-
ited to significant sites, whereas peripheral areas 
receive the latent pressure of development. These 
areas are fertile ground for the architectures in 
transformation.

The ksar of Ait Ben Haddou in Southern 
Morocco, declared World Heritage in 1987, is a 
paradigmatic case. This fortified village located in 
Oued Marghene, a tributary of the Dàdes, presents 
the best example of spatial and architectural organ-
ization of the pre-Saharan valleys.

The Moroccan government took charge of 
extending its protection to the nearby valley of 
Ounila, but organizational difficulties impeded the 
implementation of the program.

In fact, the protection of •cultural landscapeŽ 
faces enormous difficulties.

The challenge is to accept the inevitability of 
certain transformations, either inside or outside 
the perimeters of protected areas, and hope that 
the identification of identity values will give clues 
for the definition of conservation strategies.

The support of the intangible values present in 
pre-Saharan architecture must be oriented towards 
maintaining traditional crafts and recuperating the 
bioclimatic values of earth architecture versus the 
pressure of imported constructive techniques and 
materials.

The perverse phenomenon is not the reinforced 
concrete dwellings built by locals, but the manipu-
lation of reality carried out by a booming touristic 

business which actions provoke the need for pro-
tection and conservation in the first place.

NOTE

This paper presents part of the results of the 
research project: Landscape and Patrimony in 
Southern Morocco: A Proposal for the Develop-
ment of Responsible Tourism (Paisaje y Patri-
monio en el Sur de Marruecos: Propuesta para 
el desarrollo de modelos de turismo responsable, 
AP/050921/11), carried out by Lógicas Locales, 
a Cooperation Group of the Higher School of 
Architecture of the University of Málaga, Spain. 
The research has received the support of the Span-
ish Agency for International Cooperation and 
Development (AECID) and the Office of Interna-
tional Relations and Cooperation of the Univer-
sity of Málaga in partnership with the Andalusian 
Agency for International Cooperation and Devel-
opment (AACID). The following institutions have 
also participated in the project: National School 
of Architecture of Rabat, Morocco; University of 
Granada; Polytechnic University of Valencia; and 
the Moroccan Ministry of Culture.
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ABSTRACT: The Sama Range (Tarija Department, Bolivia) boasts a characteristic Andean landscape 
of high environmental, archaeological and architectural value that is home to the Sama Range Biological 
Reserve, where the Tajzara plain, with its large lagoons, is one of its outstanding features. The research 
conducted has studied the built habitat, identifying the domestic and religious architectural models present 
in order to propose protection policies and preservation strategies along two lines of work: the preserva-
tion of isolated settlements on the one hand, supporting local productive activities, and the promotion of 
experience tourism on the other, implementing lodging in traditional rehabilitated buildings.

2 THE SAMA VALLEY BIOLOGICAL 
RESERVE

2.1 Geographic limits

The Sama Range Biological Reserve is located 
in the Western region of the Tarija Department 
(Bolivia) and comprises the towns of Yunchara, 
Cercado Tarija, El Puente, Padcaya and San 
Lorenzo. It has an extension of 1085 km2 and its 
geographical coordinates are: 64°50•…65°08• West, 
21°17•…21°52• South (SERNAP 2014). The Sama 
Range runs North to South and its altitude ranges 
from 1950 to 4700 m above sea level. Its topog-
raphy is characterized by steep slopes, mesetas 
and High-Andean lagoons that form the Tajzara 
basin (PMRBCS 2004). The hydrographic network 
consists of the basins of the Tajzara, Tomayapo, 
Tolomosa, San Juan del Oro, Camacho and Guad-
alquivir rivers.

Its climate varies with altitude from cold to tem-
perate, with a rainfall regime of between 300 and 
1250 mm per year that concentrates in the months 
of December and March. It is more abundant 
in the low areas of the basin, which as discussed 
below has important implications in the slope of 
roofs.

Currently the only access is the highway Tar-
ija„Iscayachi„Villazon, partially asphalted 
(SERNAP 2014). A network of local gravel roads 
connects the villages inside the Reserve; the com-
munities of Pujzara, Calderilla, Pinus and Miscas 
Calderas are connected by an ancient route of Inca 
origin, the Inca Trail (Camino del Inca).

1 INTRODUCTION

The goal of the present study is to analyze the hab-
itat of the Sama Range Biological Reserve (SRBR) 
and the relations between natural constraints and 
settlers• lifestyle, culture and architecture. The 
Reserve is a protected area with a wildlife conser-
vation program that could be easily expanded to 
local architecture, an integral part of the cultural 
identity of its inhabitants.

Much of the vernacular architecture of the 
Sama region is in an acceptable state of preser-
vation. The legal tools provided by its considera-
tion as a protected area could be applied to those 
elements of the human habitat worth of conser-
vation. Two lines of work may be advanced: ver-
nacular architecture and archaeological sites. The 
first focuses on the establishment of conservation 
policies addressed to support the dwellers of tradi-
tional settlements that have undergone little trans-
formation, encouraging subsistence agriculture 
and traditional herding. The second is addressed 
to the active promotion of the touristic potential 
of the Reserve, rich in important archaeological 
sites: the area has already some basic infrastruc-
tures that facilitate the development of experience 
tourism involving local communities that thus ben-
efit from an increase in their incomes. The present 
research and its future developments aspire to 
gather a better knowledge of human settlement in 
the area and its significant architectural elements. 
This should facilitate the implementation of lodg-
ing in traditional buildings that would be restored 
following guidelines respectful with the material.
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2.2 Landscape and environmental analysis

The Reserve presents a highly scenic landscape due to 
its steep slopes and the presence of lagoons, among 
which outstand those of Grande and Pujzara. Veg-
etation comprises High-Andean ecosystems like the 
semi-arid Puna grassland (43% of the surface) and 
the transition to meso-thermal dry valley. The fauna 
presents an important group of birds, mammals, 
reptiles, amphibians, fishes, arthropods, annelids and 
mollusks (PMRBCS 2004). The Reserve conserva-
tion program is devised to preserve ecosystem biodi-
versity and the sustainable use of natural resources.

2.3 Legal protection

The Reserve was created by a governmental order 
of January 30th, 1991 (Decreto Supremo 22721), as 
a National Wildlife Reserve (SERNAP 2014). The 
order forbids the occupation of lands by settlements 
or infrastructures, mining, and sport and commercial 
hunting or fishing activities, as well as tree cutting.

In 1992 the Environmental Bill (Ley del Medio 
Ambiente) was passed.

The creation of the SRBS being previous to the 
Regulation of Protected Areas, the 2004 Manage-
ment Plan proposed a land re-classification and set 
new limits to the reserve, identifying 3 management 

areas and 6 Special Use sites. Archaeological sites 
like temples, fortresses, cave paintings, lithic work-
shops, pre-Columbian trails, colonial temples, haci-
enda farms, etc. are considered Sites of Historic 
and Cultural Interest. Sites located in these areas 
and their immediate surroundings are subject to 
archaeological or historical specialized restoration 
(PMRBCS 2004). It is in this field that the present 
research focuses its interest.

The administration of the SRBS is carried out 
by the National Service of Protected Areas (SER-
NAP 2014). Other institutions and organizations 
are involved in its management through institu-
tional agreements, among them the NGO Protec-
ción del Medio Ambiente Tarija (PROMETA).

2.4 Population

Around 13,000 people live in the area, distributed 
in over fifty communities, with a density of 10 
inhabitants per square km, the buffer zone outside 
the reserve included. Quechua and Aimara popu-
lations are located in the high areas of the reserve, 
while those of Spanish descent that arrived in Tar-
ija in the mid-sixteenth century occupy the valleys.

According to the United Nations Development 
Program, in 2003 over 80% of the population of 

Figure 1. The Sama Range Biological Reserve (Bolivia). Left: Main populations and communication network.
Right: Topography and hydrography (López-Osorio & Alves de Freitas).
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the towns of Yunchara and El Puente lived below 
poverty level. They had the lowest Human Devel-
opment Indexes of the region, together with the 
town of San Lorenzo, also inside the Protected 
Area. Interestingly, the Department of Tarija has 
the second lower index of poverty of all Bolivia.

2.5 Productive activities

The Reserve is an important source of agricultural 
produce for the city of Tarija, and the Sama Range 
provides urban and rural centers of the area in pota-
ble water. Tourism is an important activity fuelled 
by the recent development of infrastructures like 
hostels, restaurants and other facilities. This equip-
ment is still deficient and awaits the development 
of programs that exploit natural resources and the 
sites of touristic interest.

3 HABITAT AND ARCHITECTURE

3.1 Archaeology and pre-Hispanic period

The archaeological knowledge of the area has been 
bolstered in recent years by the Sama Highlands 
archaeological project (PAAS 2014), directed by 
María Beirlein of the Latin American Institute of 
the Free University of Berlin and Daniel Gutierrez 
of the Anthropology Institute of the Philosophy 
School of the University of Bonn. Work on the pre-
Hispanic settlement of the area started in 1999. The 
analysis of over seventy sites and their lithic and 
ceramic assemblages proved that they were inte-
grated in a larger cultural area that comprised the 
Argentine Puna, the valley of San Juan del Oro and 
the Eastern Andean slopes (Beierlein 2000, Michel 
et al. 2000, 2006). In 2003 the sites of Pucunayoj and 
Cóndor Huasi were surveyed, bringing to light their 
links with the Yavi-Chicha and Inca cultures as well 
as a material culture unique to the Sama Highlands.

Chicha settlement in the area took place between 
the years 500 and 1470. The sites surveyed are usu-
ally located on cliffs and had cultivated terraces. 
Smaller settlements consisting of rectangular cor-
rales and other buildings located along the llama 
caravan routes have also been identified, as well 
as pucaras and fortresses placed on strategic high 
points that show the conflictive nature of past set-
tlement in the area.

Around 1480 the Incas conquered the South of 
present day Bolivia gaining control of its natural 
resources. In the Sama Highlands this conquest 
took the form of alliances with the local elites that 
were integrated in the highly developed Inca hierar-
chy, where the chicha, excellent soldiers, were object 
of special consideration (Espinosa 1969, 1986). 
Incas improved pre-Hispanic trails that were paved 

and provided with retaining walls where necessary. 
Some fragments have survived, known as the Inca 
Trail (Camino del Inca). One of them connects Puj-
zara and Pinos; another one, coming from Potosí, 
goes from Torohuayco to the Tarija Valley.

3.2 The identification and analysis of settlements

Over fifty communities populate the Sama Reserve. 
The largest is Chorcoya Avilés followed by Copac-
abana, Pujzara, Viscarra, Curqui, Chilcayo, Huar-
machi, Calderillas and San Pedro Sola. Outside the 
Reserve but under its area of influence, the town 
of Iscayachi gives its name to the valley that con-
nects it to the city of Tarija. Other neighboring 
towns are Chorcoya Méndez, Pueblo Nuevo, Bella 
Vista, Guerra Huayco, Camacho and San Andrés. 
Settlements usually have a central nucleus more 
or less consolidated, but numerous disseminated 
dwellings also form part of the community, some 
of them deserted and in ruinous condition.

Among the places of interest, the archaeo-
logical sites of Pucunayoj, Vicuñayoj, Arenales, 
Ñoquera and Cóndor Huasi stand out, as well 
as the towns of Yunchara and Chorcoya Avilés, 
of particular architectural value. Also of interest 
are the churches of Ñoquera, San Luis de Palqui, 
Curqui and the chapels of Pasajes and Pujzara, 
the latter with an interesting cemetery. Outside the 
Reserve stands out the large ruinous adobe church 
of Iscayachi.

3.3 Constructive analysis

The traditional domestic space is formed by a set 
of independent rectangular areas organized along 
orthogonal lines around an open yard whose 
exposed sides are closed with medium height walls 
(Fig. 2, 3).

The domestic unit is oriented preferably towards 
a course of water, the cultivated plots or the most 
favorable side. In the vicinity of the lagoons the 
arrangement of spaces is relatively regular, while in 
the high valleys, where settlement is conditioned by 
slopes, more irregular arrangements can be found.

One or several pieces of the house are usu-
ally devoted to dormitory and others are used 
as kitchen and for the storage of farming imple-
ments. It is here that most daily activities are car-
ried out. This settlement pattern is based on the 
Andean cancha of pre-Inca origin, subsequently 
developed by the Incas and maintained in colonial 
times for its functional properties. The model can 
be found in isolated settlements as well as in urban 
nuclei, where it takes a more compact and ordered 
appearance.

In the semi-humid Puna and in the vicinity of 
the lagoons walls are built with large adobe bricks 
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arranged in stretches courses placed on stone foun-
dations. They are provided with stone socles that 
protect them from the capillary ascent of water. 
Walls are often entirely built on random rubble 
with corner quoins and stone slabs in jambs and 
lintels. Stone lintels are also found in adobe walls 
when required by the width of openings. Both 
adobe and stone are laid with clay and sand mor-
tar. Dwellings have also benches against the build-
ings or inside them, which in the latter case are 
used to sleep. Small structures used as fireplaces 
are also found against the outer face of the walls.

The walls of canchones associated to the domes-
tic area deserve special attention. Canchones have a 
rectangular or circular plan and are used for culti-
vation as well as for keeping herds and for protec-
tion against the wind. They are built on dry stone, 
leaving small open cracks that allow the wind to 
pass through in order to avoid wall collapse. In sin-
gular cases the top of the wall is protected by straw, 
like in the wall that encloses the Pujzar cemetery.

Dwellings are usually covered by gable roofs, 
although shed roofs are also found. In the first case 
the structure is simple: a ridge beam is placed on 
the gable walls and log beams rest on it and on the 
wall. When the building has a shed roof, log beams 
simply rest on two walls of different height. In both 
cases, a layer of reed is placed on this structure, 
which is finally covered with mud and woven straw. 
This vegetal and mud cover hangs over the eaves 
and the top of the gable walls. In the Western sec-
tor, in the Sama Range valleys, stone buildings are 
more common. Their roofs are also covered with 
mud but eaves are made with stone slabs.

These dwellings are more sophisticated, show-
ing arcs and pediments in the openings as well as 
stone eaves in the main façade, which is crowned 
by a parapet.

Figure 2. Traditional domestic space in the Sama Range 
(López-Osorio & Alves de Freitas).

Figure 3. Top: Settlement patterns in Yunchara y Puj-
zara (López-Osorio & Alves de Freitas). Bottom: Dis-
perse habitat in Yunchara (López-Osorio).

Churches are singular buildings with one single 
central aisle covered by a gable roof, and towers on 
both sides of the gable wall at the feet of the aisle 
that form the main façade (Fig. 4).

A square plan structure used as sacristy is often 
placed against the head of the aisle at one of its 
sides. The constructive procedures are those used 
in domestic buildings: adobe walls covered with 
mud and straw mortar, or, in the Eastern sector 
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of the Reserve, stone walls as exemplified by the 
churches of Curqui and Ñoquera (Fig. 6).

Church roofing is a slightly more complex proc-
ess due to the large span of the main aisle to be 
covered, although in most cases simple log beams 
are used. The supporting structure is here a scis-
sors truss provided with a ridge beam for stabi-
lization. The truss is made up of two log beams 
and a straining beam located between a third and 
half  the length of log beams, tied to them by ropes, 
metal wire or nails. This allows the straining beam 
to work by traction and limits the horizontal thrust 
of perimeter walls. Wooden tie beams are occa-
sionally placed to compensate for the thrust of the 
wooden roof structure although they are not con-
nected to it but to walls, as can be seen in the chapel 
of Pasajes. More simple examples also exist where 
the truss consists of log beams laying on the walls 
and on a ridge beam, as in the chapel of Pujzara. 
Roof finishing is similar to that of dwellings.

Figure 4. Top: Plan of the church of Iscayachi. 
Bottom: Plan of the chapels of Pujzara and Pasajes (Ven-
tura & Vásquez). Figure 6. Church of Ñoquera (Vásquez).

Figure 5. Chapel of Pasajes (Vásquez).

3.4 Transformation processes

One of the first contemporary transformations 
that take place in the architecture under discussion 
is the replacement of mud and straw roofs by cor-
rugated metal panels or ceramic tiles. As for the 
supporting walls, adobe or stone are replaced by 
reinforced concrete in load bearing walls and by 
brick in nonbearing ones. This applies to churches, 
which in most cases have been restored using new 
materials. Original straw or stone eaves are replaced 
by ceramic tiles arranged perpendicularly to the 
barge course of the roof, over the façade. This 
arrangement is of little help in evacuating heavy 
rainfall but constitutes a motif  inherited from tra-
ditional stone eaves, common in nearby traditional 
dwellings as well as probably in the gables of origi-
nal churches. The chapel of Pasajes (Fig. 5) is a 
singular case since it was restored in 2002 follow-
ing traditional procedures with the support of the 
Spanish Agency for International Cooperation, the 
CIPIE Foundation and PROMETA. The building, 
built on adobe finished with mud and roofed with 
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mud and straw, stands out for its simplicity and for 
its location in the vicinity of a small lagoon located 
between the Grande and Pujzara lagoons.

4 CONCLUSIONS

The architecture that has been described shares 
with any other vernacular architecture the fact of 
being the result of human adaptation to a specific 
set of natural constraints. It is not remarkable 
in the Andean context but for the fact of being 
located inside the Sama Reserve. Pretty much in 
the same way as the extinction of biological spe-
cies is an irreparable loss for a given ecosystem, the 
destruction of patrimonial elements is a symptom 
that the social practices that generated them are 
seriously endangered. In the Sama reserve, like in 
most of the planet, disarticulation processes have 
already started that might render irrelevant most 
of the existing vernacular patrimony: deserted can-
chas are not rebuilt, when they are, materials for-
eign to the traditional ones are used.

The Sama Range has two peculiarities that allow 
us to think that this state of things is reversible: a 
good portion of its vernacular patrimony has been 
preserved and it forms part of the Sama Range Bio-
logical Reserve (Fig. 7). It should not be difficult to 
integrate the ethnographic heritage of the region in 
its protection program. Care should be taken, how-
ever, not to anthropologize the dwellers and users of 
this architecture: they are the final guarantors of a 
patrimony that will survive only if the work processes 
that generated it manage to survive in the first place.

Knowing the reasons why Andean vernacular 
architecture is deserted, or what the real advantage 
is in using new materials in renovations, will allow 
us to address the origin of the problem, if  there 
is such. The concept of •living patternsŽ has been 
applied to Andean canchas and it is not casual that 
the author who coined the term also forwarded 

habitability proposals designed on contemporary 
architectural grounds (Berolatti 2013). To what 
extent is it possible a sustainable compromise 
between the preservation of patrimonial values and 
the attention to the changing needs of local com-
munities is anybody•s guess. In this respect also, the 
Sama Range and its architecture share with many 
other places the risk of facing an unequal encoun-
ter characteristic of our times: that between local 
cultures that control their own exchange circuits, 
both of goods and ideas, and the contemporary 
market ruled by the logic of costs and benefits.

NOTE

This paper presents part of the results of the project: 
Hábitat-Andes, carried out by Lógicas Locales, 
a Cooperation Group of the Higher School of 
Architecture of the University of Malaga, Spain. 
The research received the support of the Office 
of International Relations and Cooperation of 
the University of Malaga, in partnership with the 
Andalusian Agency for International Cooperation 
and Development (AACID). The Autonomous 
University of Juan Misael Saracho, Tarija, Bolivia, 
has also participated in the project.
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ABSTRACT: In the Peruvian vernacular architecture examples abound where social and symbolic 
aspects appear intertwined in the constructive process. It is in this conceptual framework that the study 
of Andean architecture and its transformations is to be placed. Both the changes that take place in the 
rural world and the new constructions of the so called •young villagesŽ located in the periphery of large 
cities are of enormous interest for contemporary architectural culture. The present research considers 
some examples that do not follow local logics of transformation and may put at risk the material identity 
of vernacular culture. This is by no means a peculiar or local phenomenon, since similar processes are 
taking place all around the world for quite a few years now. The article discusses the specific case of the 
development and expansion of Chicha Peruvian architecture and of the transformation of the Andean 
rural architecture.

that may end up altering or devaluating the very 
patrimonial values they are supposed to protect.

2 CHICHA ARCHITECTURE IN PERU

2.1 The Chicha phenomenon

The original meaning of the word Chicha refers to 
an alcoholic beverage obtained from the fermenta-
tion of corn and fruits. Originally from pre-Hispanic 
Peru, its Quechua name was akha; the Aimaras 
called it kusa. Its use expanded in the colonial and 
republican periods, when the tradition of drinking 
it in large Inca glasses called keros was preserved. 
The Andean origin of Chicha, later expanded to the 
urban centers, is probably the reason that explains 
that the same word is used to refer to popular mani-
festations that through diverse trans-cultural proc-
esses accommodates traits of the urban milieu.

The first cultural manifestation born under 
the term was the Chicha music, a sort of Cumbia 
fusion with huayno that incorporates some rock 
instruments. Although the origins of this music 
can be traced to the late 1960s, its real popular 
success will take place in the 1980. This was the 
time of one of the biggest crisis of the republican 
Peru, when a strong migration movement from the 
country to the cities took place, trying to escape 

1 INTRODUCTION

The present research analyzes vernacular archi-
tecture as one of the architectural products of a 
population that manages its own habitat. This new 
vernacular architecture is produced by a multi-
cultural society in constant change and evolution 
that expresses part of the traditional knowledge 
although this may not be reflected in the choice of 
materials and constructive procedures. The aesthetic 
aspirations of new Peruvian architecture and its use 
of traditional symbols find in the Chicha phenom-
enon an expression that is in apparent confronta-
tion with building forms inherited from the Andean 
world, the place of origin of migrants who are the 
new producers of social habitat. Another theme for 
reflection is wondering if the concept of vernacu-
lar should be restricted to the rural sphere or might, 
and even should, be applied to the urban one.

On the other hand, the traditional rural world 
of some Peruvian regions, loaded with patrimonial 
elements, is receiving nowadays important foreign 
influences as a result of touristic development. 
Different ways of understanding tourism and their 
impact on vernacular and monumental architecture 
lead to different, contradictory approaches: from 
sensible conservation programs of material and 
cultural values, to interventions that manipulate 
architectural symbols to produce false identities 
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terrorism. These migrants settled mainly in the 
peripheral areas of the cities in the form of •infor-
mal invasionsŽ. In this context, a number of cul-
tural manifestations will appear amidst a society 
that is adverse to them and the reminiscence of 
their Andean origins will become evident.

Chicha music goes along a whole impressive 
visual aesthetics.

The gray life of the peripheral neighborhoods 
where gravel floors are dominant and buildings are 
usually unfinished gets filled with highly colored 
posters that advertise the next concert. This very 
appropriate way to announce a Chicha event 
recalls nostalgically the Andean polleras and llicl-
las now related to a festivity (Fig. 1).

2.2 The aesthetics of Chicha architecture

Chicha architecture being born under marginal 
circumstances, informal and individualistic criteria 
will be apparent in its display. It is then about a 
peculiar way of doing things that we are talking 
about, rather than a style with clear rules that are 
to be respected. This architecture feeds on •prestig-
iousŽ elements of an urban environment to which 
the community demands full access.

Under these premises a number of recurrent 
attitudes in the Chicha building process can be 
established, especially in the residential sphere:

€ Absence of a clear spatial organization. The 
rooms and upper floors grows with the resources 
of the owners and the growth of the family.

€ Absence of the participation of professionals in 
the compositional or constructive design. This 
is fuelled by the fact that a high number of the 
inhabitants of these neighborhoods work as 
unqualified hands in the construction business 
and command the basic techniques of building, 
especially that of reinforced concrete.

€ Formal expression without an apparent order, 
result of an unplanned growth.

€ Façade decoration based on •prestigiousŽ city 
buildings, like:
… Upper cornices that imitate double pitched 

roofs.
… Wall surfaces covered with cheap materials 

that imitate the originals: ceramics imitating 
stone, marble or even wood.

… External stairs that give access to independent 
upper floors.

… Steel frames that stand out of reinforced con-
crete pillars in foresight of future elevations 
of the building.

An unfinished look. Interest is placed on the 
main façade. The sides and the back are almost 
never finished (Fig. 2).

2.3 Chicha architects go to town

Somehow in contradiction with the peripheral ori-
gins of Chicha architecture, the last decades have 
known the appearance of mainstream Chicha 
architects. These are professionals that succumb 
to the aesthetic tastes of a new population increas-
ingly able to afford building their dwellings in areas 
of the city where town regulations force them to 
count on professionals to ensure quality standards.

Middle class capital districts have started to 
be populated by Chicha buildings, far better in 
the quality of their construction and with a more 
defined functional program. However, the basic 
principle remains: the framework of the building 
is masked in favor of the tastes or caprices of set-
tlers that do not know but what their eyes want to 
see. Chicha elements in architecture become thus 
institutionalized and shift from being a marginal 
phenomenon to represent the dominant face of 
big sectors of the main Peruvian cities, due to the 
involvement of architectural professionals.

2.4 Back to the roots: From the big cities to the 
Andean villages

The Chicha phenomenon ends up taking a 360 
degrees turn and goes back to the Andean villages, 

Figure 1. Andean woman in the typical colored dress 
(Testino).

Figure 2. Design of the architect Jorge Burga Bar-
tra representing the evolution of Peruvian popular 
architecture.
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now more culturally integrated with the urban world. 
The 1990s knew the start of the phenomenon at a 
large scale. More sensible economic policies and the 
take-off of a number of economic sectors like mining 
and building itself made possible the improvement of 
communications that penetrated the Andean villages. 
The direct consequence of all this was an important 
program of public investments addressed towards the 
renovation of public spaces and the construction of 
institutional buildings. This in turn produced a copy-
cat effect that led to the transformation of dwellings.

The Chicha architecture that now came from 
cities found the perfect home to develop along the 
lines of the flippancy and anarchy that character-
izes the emerging Andean villages. Without the 
necessary guidance, concrete, steel, façade cov-
erings and mirror glass were seen as images of a 
newly found development and progress.

The types of dwellings and monuments that are 
modifying the urban landscape of Andean villages 
can be summarized as follows.
A) Monuments

The wish to immortalize certain governmental 
actions, be it at the national, regional or local lev-
els, has generalized the habit of filling cities and 
villages with monuments of the most varied styles.

The best known case at the national and interna-
tional levels were the Inca and condor monuments 
erected by the municipality of Cusco in order to fill 
patrimonial squares and avenues of the sacred city of 
the Incas. This is not, however, the most peculiar case. 
In the Valley of the Colca, which capital is the settle-
ment of Chivay, was built a monument to the ojota, a 
sort of sandal used by Andean natives, and the statue 
to Ciro Castillo (a college student lost in the valley and 
found dead months later) dressed for the wititi  dance, 
one of the most traditional in the region.

These monuments pretend to honor elements 
and products as implausible as the papa (potato), 
the quiwicha, the maca, the hat and so on. They 
would do the delights of an observer à la Venturi.
B) Public Buildings

Although public buildings should be an example 
of contemporary architecture properly integrated 
in its context, they are actually the buildings that 
more clearly go against their own regulations.

Andean villages are a showcase of municipal 
buildings characterized by their central location in 
the most emblematic place of the village, the main 
square, which highlights their poor architecture 
when compared to quality surrounding buildings 
like noble houses or colonial churches, untouched 
by these drastic processes of urban renewal.

All sorts of municipal infrastructures, financially 
possible after the come into effect of the canon on 
mining (cánon minero) are also to be put in question. 
These constructions resort to dubious composi-
tional programs, as shown in the case of the Chivay 

Coliseum, inspired on the hat used by natives in 
some festivities and known as montera (Fig. 3).
C) Dwellings

The dwellings of the valley are not an exception 
to the success of a new architecture that, virtu-
ally overnight, has turned its back to centuries of 
development in traditional.

A generalized phenomenon that took place 
before the full blown appearance of Chicha archi-
tecture is the adoption of corrugated zinc roofs, 
called calamine in the region, in place of the tradi-
tional straw roofs. The latter offer a better climatic 
comfort and constituted a cultural tradition involv-
ing the annual repajado or renovation of the roof.

New materials like mirror glasses, ceramic 
façade coverings or forged iron grilles are also pre-
ferred as symbols of status. Its appearance is all the 
more evident and shocking in the presence of the 
well-integrated, vernacular buildings still existent. 
For how long, it•s anybody•s guess.

3 THE IMPACT OF TOURISM ON 
VERNACULAR ARCHITECTURE

3.1 Tourism and architecture

One of the events that are producing important 
transformations in the Peruvian rural landscape is 
the construction or the adaptation of buildings for 
touristic purposes: restaurants, handicraft shops, 
small lodgings or international hotels (Fig. 4). 
Numerous examples of restorations of traditional 
buildings also exist, related to initiatives oriented 
towards experience tourism that offer visitors not 
just a place to lodge but also the opportunity to 
get in touch with the cultural reality of the region. 
The phenomenon is extensible to the whole coun-
try thanks to its important natural, cultural and 
architectural patrimony, which has made Peru one 
of the choice destinations of South America. Two 
cases related culturally and geographically will be 
considered here: the Valley of the Colca in the 
Arequipa Department and the Sacred Valley of 
the Incas in Cusco.

Figure 3. The Chivay Coliseum, known as la montera 
(Ríos).
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3.2 The Valley of the Colca

In the 1980s several hydroelectric and mining 
projects connected sixteen villages of the Valley of 
the Colca that had been old colonial native settle-
ments (reducciones). They found themselves linked 
both cultural and economically to the city of Areq-
uipa after many decades of relative isolation. This 
•rediscoveryŽ has brought about a flow of national 
and international tourism that, while offering clear 
opportunities for local development, may become 
disruptive for the fragile elements of local culture.

The Valley of the Colca boasts a developed tour-
ism network and public administrations show a real 
interest in it. The autonomous Authority of the Val-
ley of the Colca (AUTOCOLCA), an office of the 
Regional Bureau of International Commerce and 
Tourism, is in charge of promoting and preserving 
the natural and cultural patrimony of the valley.

The touristic potential of Andean villages and 
their surroundings, many of them dating from the 
pre-Hispanic period and home to well preserved 
cultural and architectural cultural elements, has 
generated a growing interest. The Spanish Agency 
for International Cooperation and Development 
(AECID) carried out a restoration project of sev-
eral colonial churches in the valley. An effort was 
made to recuperate local craftsmanship by the cre-
ation of a number of vocational training centers.

Another attempt at the recovery of vernacular 
architecture, also promoted by the AECID, is being 
carried out at the village of Sibayo, in the province of 
Caylloma, also known as Rumillacta (Stone Village 
in the Aimara language). The settlement presents an 
orthogonal urban structure with a main square by 
which the temple of San Bautista, also restored with 
the concourse of Spanish cooperation, is located.

The restoration process involves a good number of 
buildings and forms part of a wider experience tour-
ism program started in 2006. Active participation of 
the community and municipal political support were 
instrumental in setting in place protective measures 
for the original local architecture, particularly those 
that limit the growth in height of dwellings and the 

use of corrugated metal panels in roofing. Restora-
tions still in course work towards the consolidation 
of stone fabrics and the recuperation of wooden 
structures and straw coverings (Fig. 5).

3.3 Cusco and the Sacred Valley of Incas

The second geographical area of interest are the sur-
roundings of Cusco and the Sacred Valley of the 
Incas, known as the valley of the river Urubamba, a 
choice touristic destination since the Western discov-
ery of the city of Machu Pichu in 1911. The most sig-
nificant transformations in the habitat, however, have 
taken place in the past few decades. The settlements 
of Ollantaytambo and Pisac, located in the vicinity 
of the Inca complexes of the same name, are interest-
ing examples of the transformation of urban land-
scape. Here the recuperation of buildings has been 
made with a sensibility towards the material and for-
mal characteristics of existing models, although the 
pressure of mass tourism has produced numerous 
instances of patrimonial alteration or loss as well.

In the urban complex of Ollantaytambo, of an 
interesting orthogonal design of Inca origin, can 
be found the most relevant models of urban Inca 
cancha. They form blocks and groups of dwellings 
which buildings stand on large Inca foundations in 
which an interesting evolution has taken place in the 
materials used for roofing. Starting in the colonial 
period, the traditional straw roof was replaced by 
ceramic tile, well integrated today in the urban and 
architectural landscape. In the past few years some 
corrugated metal roofs can be found, although 
this tends to be exceptional: recent restorations 
are recuperating straw roofs. The phenomenon 
of architectural renovation makes an interesting 
roundtrip in a complex context where overlap the 
recuperation of original values and the need to give 
an economical answer to constructive and residen-
tial problems. Around the square, however, tradi-
tional buildings renovated for touristic purposes 
without any concern for their original elements can 
be found, endangering one of the most important 
pre-Hispanic urban complexes still existing.

Figure 4. Hostal in Copacabana facing the Titicaca 
lake (López-Osorio).

Figure 5. Restored dwellings in Sibayo (López-
Osorio).
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In the village of Pisac, founded in the sixteenth 
Century on Inca remains, traces of its indigenous 
origins can still be found. The tourism generated 
by the archaeological site, located 20 km from the 
village, is producing dangerous transformations 
in the urban image: the need to offer tourists an 
imaginary, pre-Hispanic scenario redefines the 
original architectural symbols. In the square and 
the main streets, socles of dwellings and door and 
window frames are often built with stone veneers 
(Fig. 6). These simulate Inca stone fabrics in strik-
ing detail: a replica of the twelve angles stone of 
Hatum Rumiyoc street in Cusco, one of the icons 
of Inca architecture, can be found, regardless of 
the fact that the fabrics of the archaeological site, 
located 33 km from the village, belong to a different 
constructive typology. The stone veneers of Pisac 
are 10 cm thick and are used on reinforced concrete 
and brick buildings (Fig. 7). In the square, facing 
an aptly restored colonial temple, the urban scene 
is filled with restaurant and shop façades decorated 
in vividly colored geometric motifs reminiscent of 
Inca iconography, or show large bas-reliefs with a 
male and a female face wearing the cosmic symbols 
of the sun and the moon, respectively, under an imi-
tation of a colonial balcony. Creative imagination 
and fantasy feed an ethic that encourages the pro-
duction of symbols as consumer goods for tourism 
(Campbell 1987). In the Valley of Cusco, the vil-
lages of Andahuaylillas and Huaro have preserved 
interesting urban areas in spite of the pressure gen-
erated by tourism. However, in the village of Urcos 
architectural transformations have an impact on 

the surroundings of the main square as well as a 
number of vernacular buildings of high material 
and environmental value. The lack of effective pro-
tection policies leads to the irreversible transfor-
mation of the urban landscape, banalized by the 
construction of buildings that have compositional 
and formal references to the Chicha style (Fig. 8). 
The phenomenon is not related here to touristic 
pressure but to the transformational dynamics of 
Andean society, involved in the global accultura-
tion process now affecting the world as a whole.

4 CONCLUSIONS

The transformation of Peruvian vernacular archi-
tecture is related to the processes of decolonization 
and recuperation of pre-Hispanic original sources. 
This recuperation is usually expressed in superfi-
cial, ornamental aspects. The incorporation of a 
contemporary function to figurative and symbolic 
elements ends up distorting their own meaning. 
After a powerful start, they are falling in disuse in 
domestic dwellings because ornament is difficult 
to make and demands more resources, not always 
accessible to the average builder. It is only in tour-
ism architecture that the extra investment makes 
sense to owners.

In order to reach some thematic conclusions, 
two processes in play will be analyzed: the devel-
opment of Chicha architecture and the impact of 
touristic activities in the traditional world of pat-
rimonial values.

Figure 6. Decorated door in Pisac (López-Osorio). Figure 7. Façade stone veneer in Pisac (López-Osorio).
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The phenomenon Chicha architecture is present 
in Peru but also in Bolivia, where it goes under 
the name of Chola architecture. It transcends the 
political frontiers of  Andean countries. Cholifica-
tion is related to the spontaneous production and 
promotion of  the habitat, with or without the 
technical assistance of professional architects. 
As a genuine social phenomenon it shows the 
aesthetic taste of  mestizo communities and their 
efforts to recreate their own history, probably fic-
titious. At the roots of  all this is a clear popular 
disenchantment. The cholo, the underprivileged 
native or mestizo individual, no matter how mar-
ginal as a social agent vindicates a political, social 
and economic protagonism that will materialize 
only through full integration in Peruvian soci-
ety and the overcoming of inferiority complexes 
(Pezo 2011).

The so called ruralization o •andinizationŽ of 
cities (Méndez 2000) is related to the attempts at 
cultural decolonization of the last decades. This 
movement resorts to primary native symbols, those 
the mestizo is not ashamed of, and in urban con-
texts finds its expression in a hybrid architecture 
loaded with decontextualized symbols. The values 
of vernacular architecture, linked to the use of local 
materials, its bioclimatic properties and its adapta-
tion to local networks of production and circula-
tion of goods, are lost when the new, reinterpreted 
vernacular architecture becomes urban. The con-
cept of dynamic tradition, the one that assimilates 
the social transformations of its environment, does 
not apply here because Chicha architecture, the 

result of a traumatic social rupture, uses traditional 
elements as mere de-contextualized symbols.

Tourism architecture of the Sacred Valley of the 
Incas, dominated by international agencies, shares 
the problems described. There is little room for 
manoeuvre for local initiatives, forced to operate 
mainly at the private level as promoters of small res-
taurants and shops. They have no choice but playing 
by the rules set by international tour operators and 
display the same symbols and iconographic reper-
toire used by tour operators in their countries of 
origin as advertising ploy. The Valley of the Colca 
is a different case. Here the recent development of 
tourism is related to local initiatives of social tour-
ism that will hopefully control the diffusion, pro-
tection and preservation of local cultures and the 
vernacular architectural patrimony.

NOTE

This paper presents part of the results of the 
research project: Hábitat-Andes, carried out by 
Lógicas Locales, a Cooperation Group of the 
Higher School of Architecture of the University 
of Málaga, Spain. The research has received the 
support of the Office of International Relations 
and Cooperation of the University of Malaga, in 
partnership with the Andalusian Agency for Inter-
national Cooperation and Development (AACID). 
The Catholic University of Saint Mary of Areq-
uipa, Peru, has also participated in the project.
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ABSTRACT: The purpose of this paper is to demonstrate the relationship between vernacular archi-
tecture and sustainability based on a study of the old part of Moratalla, a town in Murcia (Spain). This 
research involves the collection of 265 field records with in situ data in order to measure quality and quan-
tity. All of them are unique parameters of vernacular architecture of the medieval centre which gives us an 
important lesson of how traditional construction is sustainable and environmentally friendly, thus making 
bioclimatic architecture more practical. The research relies on an agreement between the town council and 
the UCAM (Catholic University of Murcia), which should mean an important reference point. The con-
clusions include a series of recommendations that should be followed by municipal legislation, in order to 
preserve and maintain our building heritage.

2 STATE OF THE ART

2.1 Sustainability

In 1987, the most widely accepted definition of 
sustainable development appeared: one that meets 
the needs of the present without compromising the 
capacity of future generations to satisfy their own 
needs (Word Commission on Environment and 
Development WCED).

The widespread dissemination of the concept 
of sustainability clearly points out the crisis of the 
traditional concept of development to the extent 
that it is recognized that the current process of 
modernization and development is unsustainable 
(Cano, Cendra y Stahel, 2005).

This study attempts to shed light on these main 
aspects, inherent in this part of the old town centre 
and, therefore, in other Mediterranean historical 
centres. Explaining, defining and spreading them 
contribute to these sustainability criteria that society 
demands nowadays. The current development trend, 
more committed to an abusive use of the available 
resources due to the technological and industrial 
development, has forgotten the importance of their 
rational and respectful exploitation, which how-
ever is more present in traditional architecture. We 
could say then that overall sustainability could be 
understood as the increase in social and economic 
capital, thus minimizing the consumption of natural 
resources (Antequera, González y Ríos, 2005).

According to Casado (1996), the main effects 
that construction materials have on the environ-
ment are: solid waste production, energy con-
sumption, depletion of the ozone layer and the 

1 INTRODUCTION

Moratalla is a town located in the Northwest part 
of Murcia. It is one of the most important histori-
cal centres in the region, due to its old part and 
its archaeological sites. As a result, it is the ideal 
location for settlements because of the amount of 
sheltered areas all over its extensive municipality.

Its traditional architecture highlights one of Mor-
atalla•s most significant cultural and historical val-
ues; its winding streets are perfectly adapted to the 
hills under them, leading to small and picturesque 
squares. Several temples and noble houses contrib-
ute to enhance the beauty of Moratalla as well.

Today, with the passing of centuries and the proc-
ess of gradual abandonment of traditional ways of 
life, all its rich history, reflected in archaeological 
sites, monuments, buildings and streets, is bound 
to become a silent and defenceless landscape. Thus, 
this paper aims to make Moratalla known and, at 
the same time, contributes to perpetuate the town.

Regarding sustainability issues, it is important to 
mention the present concern for this aspect in the 
current model of urban development, nowadays 
committed to the amount of resources involved in 
the process. The analysis of traditional architec-
ture provides sustainability criteria that exploit the 
characteristics, called passive, of the elements built 
in order to dampen the excessive consumption of 
resources and power sources in the construction 
process.

In this way, discovering and highlighting the 
bioclimatic aspects of these traditional construc-
tions may contribute to improve construction cri-
teria and, therefore, their corresponding results.
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greenhouse effect, as well as other destabilizing 
environmental factors.

The use of sustainable materials and techniques 
could be linked to a more and more desirable local-
ism, reducing transportation pollution in the form 
of carbon dioxide (Acosta, Cliento, 2005).

Hence the promotion of culture and the develop-
ment of small and medium enterprises in local or 
regional areas, so that transport distances can be 
reduced. Thus, decentralization in the production 
of raw materials and finished products is a desirable 
strategy for the benefit of sustainable construction.

It is also worth noting at this point that the 
construction sector, for the sake of greater sustain-
ability, must encourage refurbishing, both build-
ings and neighbourhoods or entire areas (Gaja, 
2008). There can be little doubt that the large park 
built adds values to our society and, under demo-
graphic stagnation afflicting our country, it is also 
an opportunity to stop the extensive urban growth 
that peripheral district and suburbs of our cities 
and towns are undergoing. They are more and 
more distant of city centres and services, what leads 
to longer distances among development dependent 
centres and, therefore, this means greater need to 
travel. As a result, our city centres are empty and 
forgotten, often relegated to tourism or marginal 
and slum neighbourhoods. From our point of 

view, refurbishing is a powerful weapon in favour 
of sustainability, as it can add value to obsolete 
buildings which in most cases are located in central 
points of towns and cities.

Despite some pessimistic tendencies towards 
this emerging environmental problem, some posi-
tive aspects should be highlighted, such as greater 
predisposition towards the sustainability in our 
model of Mediterranean compact city, since its 
configuration fits better inside a more sustainable 
prototype following the corresponding modifica-
tions (Garcia et al., 2010).

3 METHODOLOGY

This research is limited to the historical centre of 
Moratalla, and more specifically to an area whose 
first city planning refers to an expansion which 
took place between the 17th and 18th centuries. 
While the study is being developed for the entire 
old centre of the town, at this point, the partial 
results obtained for this sector are shown, being 
this a relevant area for future research.

After a first step of literature review, it was con-
cluded to use several real examples as a method 
of study in order to analyse construction features. 
Therefore, this would lead to draw conclusions 
applicable to the field.

This method stands out for direct observation 
of the studied phenomenon. In this sense, the 
chosen town is sufficiently representative of tradi-
tional architecture linked to rural environments in 
our region and even within the Mediterranean.

For the analysis of the area, 41 field records 
with in situ data have been used (Fig. 2).

The record has two clearly differentiated parts. 
In the first one, general architectural data of the 
studied buildings are reflected such as UTM 
coordinates, location with postal address, type of 
property, preferred use, number of floors, date of 
planning implementation, existing facilities, side-
walks, finishing material, location maps, aerial and 
front pictures, etc.

In the second part, a series of starting hypoth-
eses (based on Neila´s book mentioned in the 
references) are suggested, dealing with the charac-
teristics of the sustainable architecture in that area, 
such as proposed vegetation, walls of high thermal 
mass, arrangement adapted to topography, façade 
in light colours, cooling by vegetation and water 
evaporation, interior courtyard space, spatial sus-
tainability (based on the overlapping of spaces 
within a same place), type of roof and materi-
als, etc. In order to identify and organise data, a 
research was developed in the municipal archive 
and the Alcabala Excise of 1566 (Fig. 3) can be 
highlighted as the first historical document, where Figure 1. Panoramic view of Moratalla (Authors).
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the names of some of the oldest streets of the town 
centre are shown.

These findings allowed us to differentiate four 
zones within the old town centre, among which 
those expansions carried out around the 16th cen-
tury and until the 18th century are highlighted. 
This area (Fig. 4) develops around the Main 
Street (•correderaŽ in the past), where the starting 
hypotheses have been confirmed and quantified.

It must be also pointed out that the records do not 
collect the whole of the buildings present in the field 
of study, but a selection of them has been chosen 
according to their importance in the environment.

The following tables summarize some of the 
results obtained and offer the sustainability meas-
urement present in vernacular architecture in this 
cluster located in the Mediterranean basin.

Thus, from the mentioned data, the following 
information can be extracted:

The most preferred exposures in this area are 
East and West, what is inferred from the position 
of a street with clear North-South exposure and 
that has been determined by a strong adaptation to 

the topography, following an ancient path or gate-
way into the town (Fig. 5).

In terms of the percentage of solid walls and 
apertures or fenestrations in façades of the area 
studied, it can be said that the values are signifi-
cant according to their degree of perforation, since 
it is a space that follows a certain order depending 
on the importance of the street.

4 DATA ANALYSIS

The data analysis reveals clearly and concisely 
the starting hypotheses in the buildings stud-
ied. The characteristics studied in this paper are 
based on Neila•s book and they refer to construc-
tive, compositional, distributional and finishing 
characteristics.

Therefore, the relationship between environ-
mental architecture and nearby rural buildings is 
shown, what contributes to a first and necessary 
knowledge of the situation, meaning a previous step 
for its spreading and subsequent maintenance.

Figure 2. Model of field record (Authors).

Figure 3. Extract of the Alcabala Excise of 1566 (Authors).
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It can be checked that the maximum number that 
can be reached is 55% and the average number goes 
around 30%. Regarding the existence of solar pro-
tection, its presence is also noticed with a percentage 
of 90%, what shows how well preserved the area is, 
being the most populated of the old town centre due 
to its location and access to road traffic (Fig. 6).

Small sized apertures or fenestration in the 
façades (Fig. 7) are present around 34%, giving an 
idea of the lack of this feature, as planning permis-
sion for larger apertures was allowed at a later date, 
having also into consideration the importance of 
the street. This parameter also enables to passively 
control summer solar radiation in the facing walls.

Concerning the existence of interior court-
yards which help to regulate the temperature of 
the rooms that lead off  from them, it can be noted 
that there is a presence of 58%, which is quite sig-
nificant because of the importance that builders in 

Figure 4. Delimitation (16th…18th centuries) (Authors).

Figure 5. Façades exposure and apertures in them.

Figure 6. Protection in apertures.

Figure 7. Percentage of apertures with reduced and 
non reduced dimensions ( 0,50 m.).

Figure 8. Percentage of interior courtyards.

those days gave to this bioclimatic solution. While 
there is room for improvement, we must say that 
the old part of the town has the highest percentage 
of this feature (Fig. 8).

Spatial sustainability is understood as the over-
lapping of different spaces under different owner-
ship in a single plot, traditionally used by the locals 
to solve their space requirements without increas-
ing the volume.

In this area, this figure reaches a percentage of 
25%, which is quite low in comparison to other 
areas in the same old town centre. However, it is 
worth emphasizing that this solution of acquiring 
more space from neighbouring properties to meet 
one´s needs is considered an important factor in 
the sustainability of the original building (Fig. 9).
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The evaporative cooling using water or vegeta-
tion refers to the presence of these agents in tradi-
tional construction solution to improve the quality 
of air. While their presence is nil, with a rate of 0% 
in façade solutions, it has been noticed that this fea-
ture is present in other areas of adjacent building, as 
well as in squares and public gardens (Fig. 10).

Regarding the construction of walls, it is worth 
noting that the most commonly used solution was 
the construction by means of not coordinated wide 
masonry for two main reasons: to bear walls and to 
increase thermal insulation. Walls reach a maximum 
thickness of 80 cm in some cases (Figs. 11 and 14).

The complexity of big plots in general with 
interior courtyards becomes apparent in the most 
commonly used roofs. As it can be seen (Fig.12), 
the solution of slanting roof in ceramics tiles 
occurs nearly up to 50%, what gives the entire old 
town centre a special continuity and makes it look 
perfectly adapted to its environment.

Figure 9. Percentage of spatial sustainability.

Figure 10. Percentage of cooling by vegetation and 
water evaporation.

Figure 11. Walls thickness in high thermal mass.

Figure 12. Types of roof.

Figure 13. Image of building in Main Street, 52 
(Authors).

Figure 14. Detail of stone masonry (Authors).
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As it has been highlighted, all the features 
mentioned and quantified unequivocally mark 
the relationship between vernacular architecture 
and environmental sustainability of the area, cer-
tainly adding as well the rational use of available 
resources in the immediate environment to achieve 
construction solutions.

This shows an absolute respect for the envi-
ronment, lesson that we should learn in order to 
reduce pressure on energy costs and the consump-
tion of natural resources (Neila, 2004).

5 CONCLUSIONS

The key findings provided by this study revolve 
around accurately quantifying and determining 
the features of environmental architecture related 
to the vernacular architecture of the area selected.

Its value and clarification should be a tool to 
better understand and appreciate our built herit-
age for future actions and intervention.

This paper is a summary of a comprehensive 
research project that covers the old town centre of 
Moratalla, Murcia, since 265 records with field data 
are being developed and being assigned to the local 
council under a collaboration agreement existing 
with the Catholic University of Murcia (UCAM).

The actions taken have a value in advance of 
what in the future might be the documentation or 
background information improvement and com-
prehensive refurbishing projects taking into con-
sideration the characteristics here defined.

In this regard, it is worth noting that, from this 
research, an Integrated Action Plan could be devel-
oped in the old town centre overseeing a compre-
hensive refurbishing of the area which should take 
into account criteria of Sustainable Architecture.

Thus, a long way has been started, where the fol-
lowing issues should be taken into consideration:

Š Generating and promoting associationism 
among neighbours in order to determine what 
actions are needed for their environment, so that 
they can act accordingly.

Š Reconsidering the concept of livability in the area 
to make it more flexible and more dynamic in 
favour of a more sustainable refurbishing. Elimi-
nating the presence of substandard housing while 
slowing down the growth of the city and therefore 
the use of land. Encouraging the consolidation of 
the model of compact Mediterranean city instead 
of the development of scattered building.

Š Promoting the use of renewable energy in the 
area while energy rehabilitation takes place, and 
facilities and public spaces are improved given 
the fact that they are not plentiful.

Š Adapting the General Plan to this significant 
cultural and historical area in such way that the 
criteria are more clearly defined for sustainable 
architecture.

Š Carrying out measures so that social and eco-
nomic rehabilitation of the area is not signifi-
cantly changed from its main residential use, by 
establishing a clear management and feasibility 
plan with public-private origin.
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Gypsum and giant canes in the Sicilian traditional architecture
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ABSTRACT: Giant cane is a natural, eco-friendly and low-cost product that is very common in the 
Mediterranean area. As far as the Sicilian tradition is concerned, it has been combined with gypsum, a 
material with the same qualities. Reeds and gypsum have been used as a traditional composite material 
that is able to join and improve their peculiarities of lightness and insulation, and to utilize the bearing 
skill of the hardiest reeds and the fire protection and moulding skills of gypsum. This combination of 
poor and easy-to-find materials has been used very frequently in Sicilian traditional constructions. It is 
possible to see roofs with inclined floors; some wooden floors with reeds and gypsum used as a binder 
or a screed destined to weight distribution or induction; partitions entirely realised in reed structure and 
gypsum mortar cladding and stiffening; false vaults or flat ceilings with tied reeds.

of vaulted ceilings and their painted versions in 
luxurious buildings realised in urban contexts.

The use of reeds and gypsum was very appre-
ciated also in rural architectures being a real 
profitable and versatile utilization of poor and 
easy-to-find materials.

During the Muslim rule on Sicily, the Arabs 
contributed to the improvement of this technique 
thanks to their mastery in the reed utilization in 
buildings.

We should review this tradition in order to draw 
inspiration from it, also for contemporary experi-
mental solutions; it could be interesting to repro-
duce these techniques according to a sustainable 
point of view.

2 GIANT CANE

Giant cane (Arundo donax) is very common in Sic-
ily; it is possible to find it also in some apparently 
arid lands near the banks of rivers or streams, that 
is to say, in places with a higher moisture content. 
Giant cane differs from common reed because of 
its dimensions: for this reason they have been used 
in constructions with different goals. Its growing 
features (this plant can grow of even 5 cm per day 
in spring) make it an invasive plant even if  it is very 
useful for farming activities and the maintenance 
of territories. Its harvest and treatment„consist-
ing mainly of its cleaning and drying„is extremely 
easy, low-cost and without any environmental 
impact. Thanks to its natural characteristics, giant 
cane has an excellent thermal and acoustic insu-
lation (due to the hollow shape and the structure 
of its material), a light weight and flexibility and 

1 INTRODUCTION

This presentation deals with some specific search 
results about the use of gypsum in Sicilian tradi-
tional constructions. Indeed, giant cane (Arundo 
donax) has been often used in Sicily in addition 
to gypsum and lime. Common reed (Phraginites 
australis)„notoriously smaller than giant cane„is 
also widespread. The following examples refer to a 
wide range of buildings spread throughout Sicily.

The utilization of giant canes has taken place 
in those areas where woods are rare; as a conse-
quence, reeds have replaced woods thanks to their 
qualities and the peculiar features assumed when 
combined with gypsum. Harmony and comple-
mentarity characterise this combination; for this 
reason this solution has developed surprisingly 
also in other Italian regions and, generally speak-
ing, in some areas of the world, even if  gypsum 
seems to be scarcely used.

The use of reeds stiffened by lime mortar was 
also common in the past: we could find some exam-
ples in ancient Greek and Roman architectures. 
Vitruvius described the construction of timber-
framed walls (opus craticium) and floors through 
the use of reeds in Book II and Book VII of De 
Architectura. Anyway, the reed-gypsum combina-
tion is not so frequent in this treatise.

The need to create inner complex spatial con-
figurations and ephemeral architectural settings 
developed and diffused the use of reeds and gyp-
sum (or mortar) probably during the Baroque peri-
ods (the 16th and 17th centuries). In those times 
false architectures, altars and decorative elements 
were realised to imitate more precious materials 
such as marbles. This technique caused the spread 
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a good resistance (due to its circular cross-section 
and fibres). Besides, it cannot be attacked easily 
by biodeteriogens and it is not a moisture conduc-
tive material. It grows to 6 metres and its shape„
whose average diameter is 2…3 cm„reveals a high 
versatility.

For this reason it has been a real protagonist in 
the agricultural world for centuries. Giant cane is 
harvested between fall and winter, that is to say, in 
a period entirely dedicated to the ploughing and 
cleaning activities related to fields. Dried up for a 
year, giant cane has been used before the arrival 
of plastics and other new elements„realised with 
cement concrete or metal„in the whole farming 
and building activities.

It has played several roles being a support for the 
other plants, a fence of properties, a canopy shel-
ter from sunshine or wind, a vine arbor support, 
a curtain and a support for drying some natural 
products (tomatoes, grapes, figs, etc.); in addition 
to this, it has been really useful for the realisation 
of agricultural implements and furniture crafts.

As far as buildings are concerned, in the past it 
was mainly used for: entire reed mats, that could 
be also arranged through two layers, tied com-
monly by hemp strands or, generally speaking, by 
vegetable strings; mats of varied textures webbing. 
Webbings were obtained crushing canes. The first 
typology was more useful for its rigidity acquired 
after moulding with gypsum, that owns also a 
higher insulation capability; the latter was much 
more accustomed for its formal versatility: indeed, 
it could be used as fabrics.

3 GYPSUM-REED COMBINATION

For years we have been deepening the study of 
gypsum publishing several searches. Indeed it is 
very diffused in Sicily and accustomed for several 
uses because of the numerous outcrops charac-
terising most territories of the island. It is easily 
found on site; its cost is very cheap and its work-
ing requires a really limited energetic consumption 
and atmospheric emissions thanks to its baking 
low temperatures.

It is possible to obtain a kind of mortar from 
gypsum with peculiar features: versatility of use, 
thermal and acoustic insulation and the specified 
skill to regulate moisture and temperatures in 
places where it is used.

The gypsum„giant cane combination deter-
mines a composite material in which gypsum has 
the matrix function while reed plays the reinforcing 
role. Through this combination there is the exalta-
tion of building versatility features, easy handling 
and mouldability, thermal and acoustic insulation, 

lightness, fire protection in addition to the low-cost 
and easy-to-find characteristics.

During our searches we have found several 
building elements realised through reeds combined 
to gypsum or, at most, to lime mortar: we have 
found this both in rural buildings and civil and 
urban constructions.

Thanks to the technical literature diffusion, we 
have found the most common and well-known ele-
ments, that is to say, partitions, flat ceilings and 
vaulted ceilings; at the same time, we have noticed 
also elements surprisingly realised in reeds and 
gypsum. It is the case of floors„all floors typolo-
gies spread throughout Sicily„characterised by 
reeds mounted on wooden beams, roof inclined 
pitches, flights of stairs (to be intended as inclined 
floors) and chimneys top in the truncated pyrami-
dal hood.

Unfortunately this presentation cannot illus-
trate the whole results of our search that are as 
numerous as interesting; at the same time, it is not 
possible to include all graphic and photographic 
materials that are as sufficient and proportional as 
what has been produced on site.

4 TECHNICAL ELEMENTS

4.1 Floors

Floors usually own a structure of wooden beams 
bearing a floor in entire reeds„tied and reinforced 
by larger reeds or wooden joists. They are placed 
at the centre of the span among the beams (Fig. 1). 
A gypsum conglomerate screed is put on this layer 
connecting to reeds through the extrados shape 
of the floor and conferring rigidity to the whole 
structure. We have sometimes noticed that reeds 
are finished through a gypsum mortar layer placed 
in the lower part, that is to say, at the intrados. This 
kind of material has been also used to brush the 
wooden beams. The abovementioned technique can 
be explained as a way to protect reeds and wood 
from fire and biological attacks. In some cases the 
alternation of wooden battens could make the reed 
surface stiff  (we can find about one wooden batten 
each 20 cm of reeds).

4.2 Roofs

Roofs have been realised as inclined floors. Here 
reeds have a smaller diameter than the other ones 
used to realise floors (Fig. 2). We have found roofs 
with a reed webbing mat or entire reed mat; they 
have been placed diagonally to respond to loads 
with an elliptic section that is certainly wider and, 
as a consequence, more resistant than the circular 
section.
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4.3 Stairs

Stairs have been also realised as ramp slabs, that is 
to say, from a lower height to a higher one.

Reeds rest on side wooden beams or parallel or 
side walls; they are made stiff  by parallel wooden 
beams or other reeds whose diameter is larger. 
Wooden beams and reinforcing canes sometimes 
alternate (Fig. 3). Only in some specified cases 
reed mats lying on the two side walls are not stiff. 
Gypsum and stony screed and steps (in pieces or 
debris) are placed on this layer.

Reed mat has been sometimes defined with gyp-
sum at the intrados too; in addition to the func-
tions usually attributed to wooden boarding, it has 
worked as a disposable formwork.

4.4 Partitions

Partitions are characterised by entire reed mats 
nailed on wooden studs, very frequently on the two 
sides (Fig. 4). The structure has sometimes a timber 
frame presenting wooden horizontal uprights and 
crossbars: in this case mat is placed in a vertical posi-
tion. We have found rare situations with reed web-
bing mats but they are not suitable for this use. Mat is 
covered by an abundant gypsum mortar layer given 
in two times: a previous rough layer and a further 
refined one. Also in this situation the gypsum-reed 
combination guarantees those performances that are 
typical of a partition: a good resistance„even if a 
partition is not a load bearing element„lightness, 
thermal and acoustic insulation, easy-realisation.

Figure 1. Floor with wooden beams, giant canes and 
a layer of gypsum mortar in Militello Rosmarino [ME] 
(Magistro).

Figure 2. Roof with reeds and gypsum mortar and 
brick tiles in Salemi [TP] (Mamì).

Figure 3. Stairs with wooden beams, a layer of giant 
canes and gypsum conglomerate screed and steps 
(Fucarino).
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4.6 Vaults

Vaulted ceilings need a special attention since they 
are the results of a precious handcrafted ability; 
they are also diffused more widely than the other 
elements. This happens both with the lime mortar 
version and the lime and gypsum mortar one.

A space playing an important function in a 
building„but also other spaces that are less refined 
or stairs„has been always closed in the upper part 
by a false vault realised in reeds. Exposed floors, 
when painted, or coffered floors are rare.

The intrados plaster of vaults has been very 
often painted (we have several painting master-
pieces on reed structure) or decorated finely.

It is not a case that a false vault can be indicated 
with the Italian expressions •camera cannaŽ or 
•camorcannaŽ with a clear reference to the obvi-
ous presence of reeds (•cannaŽ in Italian). Its 
function is not only artistic: the false vault insu-
lates acoustically and thermally (thanks also to its 
shape). It creates a sound cavity, protects floors 
and improves spaces (like or maybe more than flat 
ceilings). The non-straight shape avoids hot air 
stagnation (Fig. 6).

False vault„consisting of entire reed mats 
or reed webbing mats placed on a wooden struc-
ture„presents several variations according to: the 
mat type; the structure of the elements typology 
(beams, battens and/or boards) and their frame; 
barrel, groin, rib o dome vault types; gypsum mor-
tar finish that has not only concerned the intrados 
(Fig. 7). Indeed, gypsum casting has been often 
realised at the extrados too, especially in vaults 
under cover floor. This casting has had the func-

Figure 5. Ceiling with reed mats and intrados finished 
with gypsum mortar (Fucarino).

Figure 6. A part of a vaulted ceiling in Vittoria [RG] 
(Mamì).

Figure 4. Partitions with giant canes and gypsum mor-
tar in Poggioreale [TP] (Mamì).

4.5 Flat ceilings

Flat and vaulted ceilings are the most famous, dif-
fused and quoted topic in technical literature. Ceil-
ings have a main aesthetic and finish function but 
they can also insulate spaces from a thermal and 
acoustic point of view.

Flat ceilings have been rarely realised through 
mats nailed or tied to the floor structure; they have 
an independent structure with a simple or double 
frame linked to the walls and sometimes to the 
floor itself  (Fig. 5). The intrados finish is in gyp-
sum mortar as usual.

Ceilings sometimes own circular connections 
improving the space from the aesthetic point of 
view and giving a solution to the occurrence of 
fissuring when the ceiling enters into contact with 
walls.
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tion of increasing rigidity and durability and pro-
tecting from fire and biodeteriogens.

We have often found layers of straw and void 
shells of dried fruits (nuts, almonds, etc.) as a fur-
ther layer of thermal insulation on vaults, espe-
cially in rural constructions.

False vaults and ceilings have been realised by 
specialised workers because of their complexity.

4.7 Other elements

We have found an element that seems to be curious 
and surprising: the top chimneys hood realised in 
reeds and gypsum instead of refractory bricks„
that should be much more suitable.

It could be intended as a real building hardi-
hood but it is based on a practical aspect: when 
reeds are fully drowned in gypsum mortar they 
are protected from fire despite their proximity to 
flames. This is correct also for the wooden battens 
structure that is shielded by gypsum too. The con-
sequent advantages are: lightness, the possibility to 
realise the typical truncated conical shape and the 
cheap cost (Figs. 8…9).

The references to tradition are clear. The techni-
cal literature of the 19th century and the early 20th 
century does not refer so much about these materi-
als since they were considered poor and rural ele-
ments by academics.

The reference to •pagghiariŽ (a Sicilian word 
standing for shelters for shepherds and animals 
spread throughout the Island) and their materi-
als is mandatory; they were constituted by a stone 
basement, a reed structure and a covering in veg-
etable material.

Maybe it can be also correct to make reference 
to some building traditions of Mediterranean and 
Arab peoples.

For example, there are very special and ephem-
eral constructions in a Sicilian small village called 
San Biagio Platani where we can admire wonderful 

Figure 7. The intrados of vaulted ceiling. Wooden bat-
tens structure, reed mat and gypsum mortar in Ciminna 
[PA] (Mamì).

Figures 8 and 9. Chimneys: The top is realised in reed 
and gypsum mortar, Castelvetrano [TP] (Mamì and 
Fucarino).
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theatrical construction, under the Baroque influ-
ence, realised with arches of reed bundles and 
timber frames and mats of variously twisted and 
coloured reeds. These constructions have different 
fittings every year and they are usually realised at 
Easter: this is the reason why they are called the 
•Easter•s ArchesŽ (Figs. 10…11).

We cannot but indicate also the •MudhìfŽ, 
arched constructions realised with reeds harvested 
from the marshes in Iraq, according to a tradition 
that seems to derive from the ancient Sumerians.

NOTES

These reed and gypsum building traditions stir up a 
double interest: on the one hand, we are extremely 
curious to deepen our knowledge about the his-
torical and traditional architecture of our country 
also for an appropriate, respectful and compatible 

recovery and restoration; on the other hand, we are 
sure that this synergy of materials could have good 
benefits on contemporary architectures. Today we 
are aware of the necessity to create sustainable 
and green buildings; besides, we know that natu-
ral materials used in the past can still teach (for 
example, wood, clay, etc.) and their re-use and 
experiment can be convenient and useful for new 
uses. The sustainability principles (naturalness, 
light weight, short chain and easy supply, high per-
formance thermal insulation and acoustic insula-
tion, capability to resist to fire and to the attack 
of biodeteriogens) and the low-cost features of this 
material are so evident to suggest its re-invention 
and re-use in contemporary architecture. Unfor-
tunately today structural elements like these are 
removed and replaced by modern technologies„
whose origins are completely industrial„in the 
recovery interventions without providing for their 
strengthening and preservation.
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ABSTRACT: This paper presents the activities carried out in a section of the Islamic wall in Valencia 
located in the historic center of the town. The Islamic Valencia wall, classified as Heritage of cultural 
interest, was built in the 11th century by King Abd al-Aziz known as Al-Mansur. This is a construction 
made as formworked mortar, with an average thickness of 2.30 m, rectilinear layout and vertical walls. 
The studied turret was 17 m high, and the wall completely covered by improper elements„rubble of 
buildings„that along the history had been attached. The approach taken has been of utmost respect to 
pre-existing materials. This intervention has led to value a prominent part of our cultural heritage.

1 INTRODUCTION

Since November 2011 on the site of the Caballeros 
Street (numbers 32 and 34, Valencia) a new property 
is in construction which, by its situation, required 
carrying out an archaeological dig in the entire area 
affected by the work (Fig. 1). The site in question 
is at the Carmen district of Valencia, in the historic 
center of the city, which is classified since 1988 by the 
General Plan of the city as archaeological protection 
zone. This building plot, in addition of being located 
in a site of great archaeological interest since it is 
found next to decumanus maximus leading into the 
Roman imperial city from the west, and within the 
grounds of the Islamic city of the eleventh century. It 
contains within its perimeter a section of the Islamic 
wall and a turret of the same era. Both the wall and 
the tower are at the northern edge of the site, being 
within the rear wall of both buildings.

2 CASE STUDY: ISLAMIC WALL 
VALENCIA„PLOT CABALLEROS 
STREET Nº 32

2.1 Overview

The Valencia Islamic wall was built in the XI century. 
Archaeological studies and interventions along the 
walled enclosure differ two construction phases. A 
first phase would occupy approximately the western 

Figure 1 (a-b). Remains of the wall in black and grey, 
the plot to intervene. Section of the new building and in 
black wall of the tower to be intervened (Authors).

facade of the city, from the Serranos turrets to Bol-
seria Street, and a second phase that would cover the 
eastern facade. The first phase was built in the XI 
century and is characterized by marked wall turrets 
with a semicircular front. Both structures are solidly 
built with lime concrete and masonry. The second 
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phase is characterized by the appearance of square 
turrets, in which his foundation and base are made 
of concrete but is elevation of rammed earth.

The walled enclosure had at least 7 distributed 
doors along the perimeter, called Bab Al-Qantara, 
Bab Al-Hanax, Bab Al-Qaysariya, Baytala Bab, 
Bab Al-Xaria, Ibn-Sajar Bab and Bab Al-Warraq. 
The section of wall and turret object of our inter-
vention is in the place where some researchers place 
the Bab al-Hanax (snake door), although there is 
no unanimity on this point. Both buildings have 
been built in the first phase (mentioned above), 
because it is located in the section of the enclosure 
which passes through the Carmen neighborhood, 
and is where we will focus our investigation.

Morphologic and construction of this section of 
the wall characteristics are defined at the rectilinear 
layout of the wall, built by the technique of rammed 
earth with boxes stuffed about 90 cm height of lime 
concrete and masonry, and had between a width 
between 2.20 m and 2.25 m, and a height about 8 or 
9 m. His foundation has different depths, between 
1 and 5 m, depending on the land on which it sits. 
The turrets, which were set at a roughly constant 
distance of 30 to 33 m along the walled path, were 
perfectly locked to the wall, the floor approximately 
a square with curved front, about 14 m high and 
were built with lime concrete and masonry. The 
face of the turret was reinforced by a masonry fac-
ing well locked and arranged in rows, which would 
have protected the structure from direct impacts. 
The rear wall of the work is not covered with this 
facing as it was not necessary.

The body of the turrets was solid to the height 
of the parapet or rampart walk, where there was a 
room that allowed the defense the outside. Finally, 
the outside of the wall has been defended by a moat 
or bulwark for the waters that ran the ditch Rovella.

2.2 Condition: Diagnosis

The whole work had a significant level of damage. 
The main damage affected both the archaeological 
site excavated as the elevation of the turret and walls. 
In this regard it should be pointed out that (a) differ-
ent strata outside the structure as a result of succes-
sive adaptations of homes completely devaluing the 
whole picture (b) use of many metals (nails, spikes, 
claws ...) inadequate to the work, (c) a significant 
accumulation of dirt of natural/environmental and/
or anthropogenic origin, (d) abundant cement stucco 
used in previous repairs and reconstructions, (e) 
accumulation of biotic crust and (f) decoherence of a 
pronounced masonry mortar of the whole (Fig. 3).

2.3 Intervention process: Materials and methods

The acting was the result of a private initiative of 
the recent construction of a property. The technical 

direction of the project, aware of the existence of a sec-
tion of the eleventh century Islamic wall and defensive 
turret, raised the integration of the former murario 
canvas with the atrium of the new building. In this 
sense, and given the importance of the work, an inter-
disciplinary team of architects, archaeologists, restor-
ers and cartographers who dealt with the execution of 
the work was created. Prior to the commencement of 
archaeological works the demolition of the two prop-
erties built in the 19th and 20th century that occupied 
the space of the future construction was carried out. 
The rear of the building of house number 32, while 
carrying out the demolition, exposed (uncovered) the 
remains of previous constructions that masked the 
interior panels of the wall and the Islamic turret. Once 
they had obtained all relevant permits and with the 
supervision of the Ministry of Culture, the archaeo-
logical and conservation work began. They have been 
carried out in two distinct phases.

2.3.1 1st Phase: Archaeological excavation
The first phase was the archaeological excavation of 
the entire surface of the site, about 300 m2 and the 
trapezoidal floor. The purpose of the archaeological 
excavation was to document thoroughly the archae-
ological remains that they were in the basement of 
the plot, proceeding with the correct documenta-
tion, analysis and opinion. In the excavation of the 
space for the foundation of the property essentially 
remains of houses of modern times, Christian and 
Islamic (late) medieval of the 13th century and some 
Roman graves still under study were documented. In 
the strip of land attached to the wall, and coinciding 
with the possible foundation trench, some ceramic 
materials of the XI century, attesting the date of con-
struction of the fence, were identified. These results 
are consistent with those obtained by archaeologist 
Angeles Badia in excavation (1988) in the neighbor-
ing building of the Caballeros Street n°36. Just below 
the turret and a structure protruding from it like a 
sawtooth was used as foundation. The structure, 
which should be the foundation of an earlier build-
ing, was built of masonry and lime concrete, and was 
in seen stratigraphically in Roman levels (Fig. 2).

2.3.2 2nd Phase: Cleaning and consolidation of 
the turret and the wall

In the second phase, and the new building already 
built, cleaning and consolidation of the internal 
face of the wall and the back wall of the turret was 
undertaken. The intervention was limited only to 
this area because it was that was affected by the 
site, object of intervention. The approach taken 
has been of utmost respect to pre-existing materi-
als based on the reproduction of the original tech-
niques and materials regarding the projected space. 
Also, the reconstructive scope has been determined 
by its architectural and spatial legibility.
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The construction processes have been minimal and 
discernible, directed to the correct reading of the set 
with a vision of formal unity. All phases are moni-
tored thoroughly and all found and deleted items 
and applied treatments have been documented.

The work focused on the rear wall of the tower, 
16 meters high by nearly 5 m wide, and the sec-
tion of wall that was preserved east of the tower, 
10 m high and 2,30m wide. In total, some 106 m2 
of wall have been treated. In the initial state of the 
work, both the tower and the walls were covered by 
a thick layer of improper elements, products that 
were attached to them throughout history.

Before starting the cleaning, a photogrammetric 
survey of the prior state was performed. A scaffold 
allowed working at the studied wall and manually 
removing of remains of mortar, tile and stucco 
cement bonded using mallet and small chisels 
began. And, of course, always acting with extreme 
care to avoid damaging the original material.

Also, a biocide treatment was performed to 
eliminate and prevent the proliferation of algae 
and microorganisms. This was applied by brushing 
and in some cases biocide Biotin R (CTS) in 3% 
solution with White Spirit. After a week of action 
mechanical removal of lichens and fungi was per-
formed using synthetic bristle brushes and sponges 
using demineralized water. The results were evident 
after cleaning and confirmed that the original wall 

cladding of the tower and the wall was completely 
eliminated by the set of constructs that had been 
attached for centuries. The structures generally 
had lost an average of up to 5 cm cladding and 
exposed directly inside their stonework.

On the surface of the walls beams were inserted 
to support roofs or slabs, vertical channels were 
opened to install downspouts pipes and even 
the solid core of the tower is pierced to install a 
kitchen. In between the pipes, it was decided to 
retain a downspout made of ceramic tubes that 
collected rainwater from the roof. Dry cleaning 
is performed mechanically for all return followed 
by impregnating the surface consistency by ethyl 
silicate (Estel 1000, CTS) with 40% in White spirit. 
Also missing parts are completed with the use of 
outdoor polifilla-dyed with earth pigments. In 
general, cleaning allowed to observe the structural 
characteristics of the work. First, we must high-
light the robustness of these constructions, made 
using the technique of rammed earth with a huge 
amount of lime, gravel and masonry. The mortar, 
usually made of sand and lime, was manufactured 
with a high percentage of lime, which gives it, once 
set, extraordinary hardness and a very bright white 
color. The mortar mix also had gravel and river 
pebbles in small fraction. As a last element in the 
array, the stonework alternated this mortar fill with 
layers of elongated irregular masonry, with about 
30 to 40 cm in length and varying width, arranged 
in more or less regular rows.

The outer faces of the stonework masonry were 
found. The result of this combination of materials 
is a reinforced concrete with a mechanical resist-
ance close to natural stone wall.

Cleaning the upper turret exposed the multi-
ple repairs and reconstructions, possibly made   in 
Christian times. It can be seen clearly as the origi-
nal stonework of the wall ends at 2,20 m from the 
crown of the tower. During the cleaning process 
samples of mortars and masonry were taken, in 
order to complete the study of the materials.

As the work was cleaned, the stonework and the 
different construction elements was consolidated. 
This phase was carried out by injecting Lafarge 
hydraulic lime and adding an acrylic resin (Acryl 
AC33) in 3% aqueous solution. Cracks are also 
filled, and missed areas reinforced by applying fat 
lime mortar (Unicmall) and sand (1:3). Specifi-
cally, the structure with significant rammed earth 
losses was made with masonry screeds improving 
overall stability. In this case, the discernibility of 
the intervention was achieved by mortar (lime and 
sand 1:2), the size of the used boulders and their 
placement in the stonework. Finally, the whole 
work was waterproofed using Tegosivin HL100 
(oligomeric organosiloxane) 10% solution in white 
spirit.

Figure 2 (a-b). Detail of the wall where the turret and 
the wall were located (Authors).
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3 CONCLUSIONS

The intervention on the inside of the section of 
wall and turret of the site Caballeros Street 32…34 
has allowed to recover, consolidate and add value 
to a small fragment of the defensive perimeter of 
the Islamic Balansiya of the 11th century.

Together with other interventions over the years, 
it allows us to have an important overview of this 
important heritage element of the city of Valencia 
(Fig. 4).
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ABSTRACT: The research presented in this document studies the excavated architecture of a geo-
graphically delimited area in the towns of La Romana and Monóvar in Alicante (Spain). The objective 
of the study is to identify and locate the cave houses in the study area so as to document and characterise 
them. A geological, topological and architectonic study of the constructed elements of six case studies is 
carried out establishing a comparative analysis with other known cave houses of the Iberian Peninsula. 
In addition, in one of the caves, an assessment of the current hygrothermal comfort conditions has been 
carried out over a period of one month. The data obtained highlights the good thermal behaviour of the 
underground architecture.

the most ancient artificial caves of the province are 
Les Coves de les Finestres in Alfafara (Seijo 1973).

The research presented here studies the exca-
vated architecture of a geographically delimited 
area in the towns of La Romana and Monóvar, in 
the Vinalopó Medio Region of Alicante.

This project identifies and locates the cave houses 
in the study area so as to document and characterise 
them. In addition a geological, topological and archi-
tectonic study is carried out, as well as an analysis of 
the current hygrothermal comfort conditions.

2 METHODOLOGY OF THE STUDY

2.1 Identification and location of the cave houses

These houses do not appear in the land registry 
databases as such, but instead they appear as agri-
cultural or non-productive rural land. The location 
of the caves has been determined through photo-
graphic inspection of aerial photographs from the 
Geographic Information System of Agricultural 
Plots (SIGPAC), exploring the area with the help 
of rural land registry plans and based on the infor-
mation provided by the inhabitants of the area.

Nine cave house cores with a total of 76 caves 
have been located and documented (Fig. 1): N1 Les 
Covetes (8 caves), N2 Camino Polseguera (8c.), N3 
Cuevas de San Antón (9c.), N4 La Romaneta (2c.), 
N5 Cases del Pastor (Falcones) (5c.), N6 Falcones 
(13c.), N7 Los Canicios (12c.), N8 Fuente Loca 
(8c.), N9 Los Beltranes (11c.).

1 INTRODUCTION

Excavated architecture has always been associated 
with the Mediterranean basin countries because 
it is in this area where this habitat has developed 
most (Jessen 1955).

According to a study by Urdiales Viedma in 
1963 (Urdiales 1987) on the distribution of fami-
lies inhabiting caves in Spain, the province with 
the highest percentage of inhabited caves is Gra-
nada, followed by Murcia and Alicante. It seems as 
though this area of the Peninsula could have been 
the focal hub of the excavated cave culture.

Throughout the 19th century and the first half of 
the 20th century, cave houses spread across a large 
part of the Peninsula, coinciding with phases of 
mass immigration to the cities. It concerned, mainly, 
a very poor population in need of economical 
accommodation. In this case the cave houses were 
very affordable because it was the family itself that 
excavated their own home. This allowed them to 
adapt their home to the needs of the family and to 
add excavated rooms if their families grew in size.

In La Romana there was a demographic increase 
from the end of the 1800•s to 1900 (Cavanilles 1795, 
National Statistics Institute), which indicates that 
that area witnessed the same phenomenon of an 
increase in population as occurred in other areas 
with cave districts.

In the province of Alicante there are references 
for cave constructions at the end of the 18th Century 
and beginning of the 19th Century. It is possible that 

Vernacu_Book.indb   465Vernacu_Book.indb   465 7/31/2014   7:43:46 PM7/31/2014   7:43:46 PM



466

2.2 Methodology and data collection

A general field study has been carried out in which 
the following data has been collected for each 
cave: year of construction, the orientation of the 
entrance, mode of access, type of grouping, type 
of soil, type of settlement, characteristics of the 
external construction elements, general state of 
repair and degree of use. These general charac-
teristics have been compiled in records together 
with the photographs taken during the inspection. 
Based on this multi-case study and the compara-
tive analysis of these general variables, the charac-
teristic typology of cave houses of the area have 
been identified. Six representative examples of the 
typology that have evolved very little have been 
chosen from different cores. These case studies are 
used to define the geological, topological and archi-
tectonic characteristics as well as the bio-climatic 
conditions of the caves and to compare with other 
known cave houses of the Iberian Peninsula.

3 TOPOLOGICAL AND ARCHITECTONIC 
STUDY AND ANALYSIS

3.1 Geological study

The geographic area in which the cave houses are 
found is defined by the different mountain ranges 
it runs along, among which the Rambla de Tafara 
(from north to south) and the Rambla Romana 
(from west to east).

The geological study has been carried out from 
the data contained in Sheet 870 (27…34) (Pinoso) 
of the Geological Map of Spain drawn up by the 
Geological and Mining Institute of Spain.

The soil in which the studied cave houses are 
located is made up of the following materials:

Gravel, sand and clay quaternary fillings with 
crusting levels and gentle slope giving way to glacis 
type formations.

Eocene Nummilities Limestone forming a col-
lection of strong banks with steep slopes that occa-
sionally intersperse with marl or sandstone.

The excavated architecture depends on the config-
uration of the land on the surface and its geological 
characteristics, and can only be carried out on easily 
excavated, cohesive, low-moisture and impermeable 
soils (Aranda 2003). These characteristics appear 
mainly in sedimentary rock deposit geologies. There-
fore, the materials present in the study area are suit-
able for the excavation of the cave as they present a 
first crust under which it has been reasonably easy 
to excavate. The inspection and on site survey of the 
soil has confirmed the data obtained from the Geo-
logical Map of Spain on this type of soil.

In general, conglomerates of pebbles formed 
through the erosion and dragging of different rocks in 
cemented sand and/or clay matrices have been found. 
Those conglomerates form ceiling crusts measuring 
40 and 110 cm in thickness according to the meas-
urements taken from the accesses, although the final 
thickness of the ceiling on a cave can be greater 
depending on how the slope increases in depth.

These soils can be easily excavated and easy to 
break up if  the crust is not well cemented, as can be 
seen from some partial collapses. The internal sur-
face areas of the walls and ceilings tend to pulverise 
and so interiors need to be faced. This is a difficult 
soil in terms of resistance and stability so, on occa-
sion, reinforcements such as arches, wooden beams 
or ceramic vaults have been used.

3.2 Topological characteristics and comparative 
analysis with other cave house nuclei

Each of the study cases has been mapped. The 
information has been laid out in sheets that show 
the floor plans, façades and cross sections as well 
as providing a description of the materials and 
photographs.

They concern excavations in at least two bays 
(Fig. 2). The first room (entryway or hallway) is 
located at the access point, followed, in a second 
bay, by the lounge, connected to the hallway by an 
opening reinforced with an arch, generally made 
of stone. These two rooms have a collective dimen-
sion of 6 × 2.50 m reaching, in some cases, up to 
8 × 3 m. The kitchen is located to the left or right of 
the lounge in the second bay. Both rooms are con-
nected by another large opening, also reinforced 
with the same type of arch. The average dimensions 
of the kitchens are 3 × 2.5 m or 3 × 3 m. Gener-
ally two bedrooms are excavated in the first bay, to 
either side of the hallway. Those bedrooms meas-
ure 2.5 × 3 m or 3 × 3.5 m. They are ventilated and 
illuminated directly from the outside through small 
window openings. On occasion, in the second bay 
a third bedroom is excavated which is accessed via 

Figure 1. Location of the cave cores of the study (aerial 
photo from SIGPAC).
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the lounge. The larders are excavated as annexes to 
the kitchen, carefully aligned to it in a third bay. 
The average free height of the interior of the cave 
houses ranges between 2.2 m and 2.4 m. From this 
basic layout, in some examples a small front patio is 
excavated in one of the lateral plots that delimit the 
wedge-shaped access to the cave. The most common 
evolution of this basic layout is the construction of 
adjacent auxiliary areas in which to locate the bath-
rooms (non-existent in the original layout).

The majority of the houses studied have a usa-
ble excavated surface area of around 50 m2 up to, 
in some cases, 100 m2. These reduced dimensions 
contrast with the usable surface areas of the caves 
documented in Paterna, where surface areas can 
reach up to 240 m2.

It is interesting to compare this layout with some 
of the others developed in other regions.

The basic layout of the caves in Paterna (Fig. 3) is 
developed in 2 bays, one at the front and one in a back 
patio. After the access hole there is a hallway flanked 
by bedrooms. The first bay is illuminated and venti-
lated directly from the street or the access square. The 
excavated space in the second bay is ventilated and illu-
minated from its own back patio. The lounge-dining 

room is located in the second bay through the wid-
ening of the hallway and its front connects directly 
with the patio, around which the kitchen, bathroom, 
storerooms, workshops and other bedrooms are freely 
distributed (Aranda 1986, 2003).

In Aguilar de Campos (Fig. 4) the most usual 
floor plan typology has two rooms at the front, the 
entrance hall in the access and the kitchen to one 
side. From this first bay bedrooms are excavated 
towards the back, sometimes up to a third bay. If  
there is a larder, this is excavated in one of the two 
internal alcoves.

The Guadix caves are distributed similarly to 
this latter (Fig. 5), although they are slightly more 
complex. In this case, from the entryway access is 
gained to the entrance hall or lounge and to one 
side of this is the kitchen. The bedrooms are exca-
vated in different bays towards the back from the 
entrance hall, whilst the stables and pig-sty are 
developed in various bays towards the back from 
the kitchen. The stables and pig-sty are not con-
nected to the row of bedrooms. The larder and the 

Figure 2. Typical layout of the La Romana cave houses 
(A. Martínez, V. Blanca & F. Aranda).

Figure 3. Floor plan of Cave No. 100 and neighbouring 
caves. Cuevas de La Torre. Paterna (Aranda 1986).

Figure 4. Typical floor plan of a cave house in Aguilar 
de Campos (Jové 2006).

Figure 5. Typical floor plan of a Guadix cave (A. Mar-
tínez, V. Blanca & F. Aranda).
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straw loft are excavated to one side of the stables 
and are connected to it.

The typical layout of the typology of the Crevi-
llente caves (Fig. 6) is more similar to that of the La 
Romana caves, despite notable differences. In Cre-
villente, the vast majority of caves have a lounge-
dining room in the entryway and this is of greater 
dimensions and long rather than wide. At least two 
bedrooms are located to either side of this space. The 
toilet, if  there is one, is exterior facing. The kitchen 
may be located in the second bay. At the back there 
may be another bedroom, called the frontal bed-
room, which may be a continuation of the lounge 
vault, both rooms being separated by a wall.

It is worth noting that the typical dimensions of 
the rooms in the La Romana caves of 2.5 × 3 m are 
similar to those of all the locations mentioned. On 
the other hand, the measurements of the large cen-
tral space of 8 × 3 m making up the hallway con-
nected to the lounge is also present in the Paterna 
and Crevillente caves, but not in the remainder.

It is interesting to note the location of the kitch-
ens in each of the layouts explained. In La Romana, 
Crevillente and Paterna the kitchen is located in the 
second or third bay, whereas in Aguilar de Campos 
and Guadix it is in the first bay. There could be 
two different reasons for this difference, one being 
a matter of climatic comfort and the other, topo-
graphical reasons. If  the kitchen is placed in the 
first bay it also fulfils the role of a thermal cushion 
between the interior and the exterior (De Cárdenas 
et al. 2008). It seems logical to take advantage of 
this in the colder climates of Valladolid or Guadix, 
but unnecessary for the more moderate areas of 
the Mediterranean (La Romana, Paterna or Cre-
villente). As for the topographical reasons, the land 
is flatter where the caves of La Romana, Paterna 
and Crevillente are located, therefore it is not as 
expensive to excavate the hole for the chimney in 

the rooms located deeper inside the cave. Placing 
a chimney in the second bay improves the venti-
lation of the cave in general because the air flow 
reaches more rooms than if  the chimney is placed 
in the first bay. The gradient of the land in Guadix 
and Aguilar de Campos is significantly more pro-
nounced and so excavating a chimney in the rooms 
deeper inside the cave requires tunnelling through 
a large crust of soil. Furthermore, in those areas 
the caves are placed on different levels so that the 
ceiling of the lower caves is the floor of the higher 
caves, therefore, if  the chimney is placed in the 
back of the cave at a lower level, the draw would be 
in the upper floor (Jové 2006).

In La Romana, the usual thickness of the soil 
forming the internal partitions or the front of 
the façade is 0.8…1 m, and in some cases 0.6 and 
0.7 m. These reduced dimensions are remarkable 
when compared, for example, to the 1.5…2.5 m of 
the Guadix caves, the 1.2…1.6 m of the Aguilar de 
Campos caves (Jové 2006) or the great thickness 
of the settlements on the valley edges (Aranda 
1986). The Crevillente caves have been excavated 
maintaining similar wall thickness to those of La 
Romana (García et al. 1998).

The soil forming the ceilings of the caves in this 
area has a minimum thickness of 1.2 m. The vaults 
have a very reduced geometry and the doorways 
are reinforced with arches (Fig. 7). The doorways 
are also reinforced with arches in the Crevillente 
and Casas de Juan Núñez caves (Aranda 1986, 
2003). The same geometry is found in the vaults 
of the Crevillente caves. In Guadix or Aguilar de 
Campos, the vaulting is much more acute, whilst in 
Paterna the ceilings are flat.

The soil that forms the ceilings of the caves in 
the Crevillente area is made up of gravel and clay 
conglomerates making a crust, similar to that of 
La Romana. It is not unusual, therefore, that the 
types of excavation are similar in both locations 
in terms of thickness of the walls, geometry of the 
vaults and development of the floor plans; and are 
very different compared to the types in Paterna, 
Guadix or Aguilar de Campos where the soil is of 
a completely different nature. This is more evidence 

Figure 6. Typical layout of the Crevillente cave houses 
(García et al. 1998).

Figure 7. Vaults and arch reinforcements (A. Martínez, 
V. Blanca & F. Aranda).

Vernacu_Book.indb   468Vernacu_Book.indb   468 7/31/2014   7:43:49 PM7/31/2014   7:43:49 PM



469

that the type of excavation is intrinsically linked to 
the geology of each location.

3.3 Constructed elements

The constructed individual elements of the 
La Romana caves have been identified and 
documented.

Façades: the majority of the cave houses visited 
have an adjacent façade (Fig. 8). This is generally 
made out of a concrete masonry wall and finished 
with a lime or plaster mortar render. In the least 
altered examples the front is made up of the natu-
ral cut soil, with the holes perforated and finished 
directly.

Façade parapets: these are elements which are 
present in the majority of the caves studied and 
their purpose is to prevent persons falling from the 
ceiling level of the cave (Fig. 8). They also serve to 
protect the façade from water run-off or from rock 
fall from the hillside. These parapets, if  there is an 
adjacent façade, are built in continuation of the 
façade wall. If the cave does not have an adjacent 
façade, the protection is formed with a wall built on 
the land itself, giving continuity to the cut-out front. 
In this latter case parapets of concrete masonry and 
of dry stone wall have been found. The heights of 
the parapets vary, although walls higher than 1.30 m 
have not been found. Normally a tile finish is put on 
the parapets to protect the façade from rain water. 
In the area the use of flat tiles predominates.

Chimneys: without a doubt these are the most 
picturesque elements of the excavated houses of the 
area, as they emerge from the ground and dot the 
landscape (Fig. 9). The function of the chimney is 
two-fold, first to evacuate fumes from the kitchen 
and second to ventilate the cave. The internal con-
struction is made by perforating a hole for the draw 
through the ceiling crust. In the kitchen there is a 
wooden beam some 60…80 cm from the ceiling that 
supports a partition that directs the smoke towards 
the draw. The exteriors of the chimneys are pre-
dominantly made up of rectangular and truncated 
pyramid prisms, the most common height being 
1.70 m. These columns are made with a concrete 
masonry wall finished with lime or plaster render, 

and finished at the top with sheet metal cowls of 
different shapes, or with gabled bricks.

Portholes: these are not particularly common 
elements in the area (Fig. 10). They consist of a 
hole excavated in the ceiling crust that emerges into 
the exterior like a low, rectangular, prismatic con-
struction. It serves to illuminate the rooms located 
in deep bays and also helps with ventilation. In La 
Romana portholes were found in only 4 caves.

4 BIO-CLIMATIC CONDITIONS

This is an area with a Mediterranean climate, with 
moderate temperatures (yearly average, 15.81 ºC) 
and very little rainfall (yearly average, 355.7 mm). 
These climatological data are interesting in that 
they confirm that warm climates with little rainfall 
that never surpasses 500 mm per year are ideal for 
the development of excavated homes (De Cárde-
nas et al. 2008). In general, it is considered that the 
excavated architecture responds and adapts well to 
the needs of a Mediterranean climate.

A thermal-hygrometric study has been carried out 
over the period of one month in one of the inhab-
ited cave houses. It concerns cave 11 of Falcones (N6 
C11). Measurements relating to relative humidity 
and temperature were taken every 15 minutes, from 
12:45 of the 06/12/12 to 12:30 of the 05/01/13 using 
two units of Testo 174H measuring instrument. The 
measuring units have been placed, outside at the 
front of the cave protected from direct sunlight and 
rain, and inside in the second bay lounge.

Figure 8. Façade and parapet (A. Martínez, V. Blanca & 
F. Aranda).

Figure 9. Interior and exterior of a chimney (A. Mar-
tínez, V. Blanca & F. Aranda).

Figure 10. Porthole (A. Martínez, V. Blanca & F. 
Aranda).
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The indoor temperature measurements (upper 
curve) and outdoor temperature measurements 
(lower curve) are shown in the graph in Figure 11.

The average outdoor temperature has been 11ºC 
(typical deviation 2.6), whilst the average indoor 
temperature has been 19.4 ºC (typical deviation 
1.5). It is interesting to note that the minimum out-
door temperature was 2.3 ºC, and at that moment 
the indoor temperature was 18.6 ºC. The indoor 
temperature has a maximum thermal spread of 8.1 
ºC (17.5 ºC (min)/25.6 ºC (max.), whereas the out-
door spread is 15.4 ºC (2.3 ºC (min)/17.7 ºC (max.). 
It is therefore shown that there is great thermal sta-
bility in the interior of the cave houses, with the 
logical cyclical variations produced by the habits 
of the dwellers themselves. The average external 
relative humidity was 61.9% (typical deviation 
9.2), whilst the average interior relative humidity 
was 43.8% (typical deviation 6.5). In this case, for 
the period studied, a level of 70% relative humid-
ity has hardly been surpassed and has instead been 
maintained close to 40% which, in principle, pro-
vides acceptable healthy conditions as it is consid-
ered that a relative humidity of between 40% and 
80% provides a good atmosphere (Serra 1999). 
Suitable ventilation allows relative humidity to be 
maintained within this threshold. It is interesting 
to highlight that, in general, for thermal comfort 
conditions to be met, the air temperature must be 
between 15.0 ºC and almost 30 ºC, with humidity 
of between 40 and 80% (Serra 1999). Both condi-
tions are met in the cave studied.

5 CONCLUSIONS

Based on the analysis of the general characteristics, 
of the geological study, of the analysis of the topo-
logical and architectonic characteristics and of the 
comparison made with the cave houses from other 
Spanish regions, it can be deduced that excavated 
architecture has some characteristic and common 
features and elements to all locations, although 

there are, however, differences due to the climate, 
traditional construction systems and, above all, the 
geology of each area. The high number of inhabited 
cave houses in this area (almost two thirds) and the 
conclusions of the bio-climatic study carried out, 
highlight the good living conditions that these kinds 
of homes have, generating an atmospheric comfort 
in the interior that makes it almost unnecessary to 
resort to external conventional energy supplies or 
climate control equipment, reducing the demand for 
and use of energy. This kind of home has developed 
a particular awareness in the occupants of their sur-
roundings, whereby they tune in to the external cli-
mate variations, allowing humidity and temperature 
to be controlled through passive systems.
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ABSTRACT: In the last decade, several schemes for assessing and certificating the sustainability have 
been developed to guide urban regeneration projects. However, recent studies suggest that the underuse 
of these tools may be due to their biased results. This paper therefore takes as a starting point the essential 
tenet that these tools are too focused on estimating the environmental impacts and have partially reflected 
other important aspects such as the economic impacts. A key topic should be promoting a scenario where 
urban regeneration is identified as an economically viable initiative that generates added value and inno-
vation. This is one of the main goals of the Eurbanlab project. Consequently, this paper focuses on the 
Profit indicators which add a differential value to other certification schemes and compares five case stud-
ies rated by the B4U Eurbanlab assessment tool.

According to this context, why is it so difficult 
to scale up urban regeneration projects?

There are many responses to such a question. 
Taking into account the high complexity of these 
projects and their large implementation periods, 
one of the most important reasons is the difficulty 
to systematize their financing methods. This point 
is crucial to justify the economical viability of these 
projects.

In the European Union, and more specifically 
in the southern countries, urban regeneration 
operations are economically supported almost 
exclusively by the public sector. According to the 
European Construction Industry Federation•s last 
report (Construction in Europe 2013), 26 per cent 
of the construction activity corresponds to renova-
tion projects and most of them are co-financed by 
European development programs such as ERDF 
funds. In addition, considering the available infor-
mation of the Spanish Ministry of Public Work 
and Transport (Fig. 1), more than 60% of these 
projects depend on public subsidies and 45% have 
fiscal benefits in the EU-27 area.

This situation is perhaps indicative that the eco-
nomical benefits of investment are not very well 
known in the private sector. This lack of private 
initiative in urban regeneration and urban innova-
tion projects might also be motivated by the exist-
ence of an outdated real estate market business 
model (Verdaguer & Veláquez 2012).

The current real estate business model hinders 
the ability of pilot initiatives to be scaled up. As 
a consequence, urban regeneration and innova-
tion proposals are usually presented as unique and 

1 WHY IS URBAN RENOVATION NOT A 
FREQUENT PRACTICE?

1.1 The need for urban innovation

Now more than ever, regeneration of consolidated 
urban areas is absolutely necessary. This diagnosis 
has been justified by several studies that consider 
this tenet as a critical issue to offer an alternative 
to new developments in order to make our cities 
more sustainable in the European countries (Bosch 
et. al 2014). In addition, a large number of these 
studies show how important urban renovation 
dynamics are in our cities for future development 
plans (Couch 2003, Temes 2007). Consequently, 
any hypothesis aiming at achieving a sustainable 
development must assume the goal of renewing the 
large existing housing stock (Mateo et al. 2014).

No one disputes that urban innovation and 
regeneration practices have become a large part 
of reducing GHG•s emissions. This fact has been 
well documented in the most recent UN-HABI-
TAT reports (Global Report on Human Settle-
ments 2009 and 2011). Moreover, the argument 
to foster the further development of urban regen-
eration practices for accelerating the transition to 
low-carbon and climate resilient cities is compel-
ling enough. In fact, several European countries 
are working along these lines. Under the German 
Presidency in 2007, EU ministers agreed the Leip-
zig Charter on Sustainable European Cities. The 
Charter recommends making greater use of inte-
grated urban development policy approaches and 
emphasizes the importance of urban regeneration 
and innovation practices.
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remarkable pilot cases, but not as widespread strat-
egies that can easily be extended to other urban 
environments.

In order to change this trend it is necessary 
to do a better analysis of the project perform-
ances and their profit margins. The challenge is to 
include factors in urban assessment tools which 
assess the different social agent engagement as well 
as the private investment and profit. In addition, 
it is convenient to develop a better communica-
tion strategy to spread the lessons already learned 
(Rogers 1995).

1.2 The importance of economic viability

In the last decade, several certification schemes such 
as EUROGISE, BREEAM or MEMPD, have been 
developed to guide urban regeneration projects. 
However, recent studies suggest that the underuse 
of these tools may be due to the fact that their 
results are biased or incomplete (Simon 2010).

This paper therefore takes as a starting point the 
essential tenet that these tools are too focused on 
estimating the impacts on the environment, and 
have reflected only partial aspects of the economic 
success in urban regeneration projects (Fig. 2).

This traditional approach has left important 
undervalued factors which are considered in more 
holistic approaches as the Human Development 
Index. To sum up, the addition of undervalued 
indexes such as Profit, Payback Period or Use 
of Local Workforce could increase social agent 
engagement and private investors. Furthermore, it 
could help to make urban regeneration processes 
more transparent. In other words, the use of these 
indicators can increase the viability of these prac-
tices for further expansion.

2 HOW CAN THESE KEY ASPECTS BE 
APPROACHED?

2.1 Eurbanlab project and its 5P approach

Despite public administration efforts to create 
more complete indicator systems for fostering 
urban regeneration projects, the previous objec-
tions still stand. The key topic is promoting a sce-
nario where urban regeneration is identified as an 
economically viable initiative that generates added 
value and innovation.

That is one of the main goals for the Eurban-
lab project. This initiative is a Pan-European alli-
ance co-funded by Climate-KIC, one of the three 
Knowledge and Innovation Communities created 
in 2010 by the European Institute of Innovation 
and Technology. This initiative is being developed 

Figure 1. Percentages of urban regeneration projects 
which have received financial handouts at state level 
in the EU-27 (Spanish Ministry of Public Work and 
Transport).

Figure 2. Different weights of the environmental, social and economical parameters in PETUS and CRISP indicators 
(Simon).
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with the participation of partners from Paris, Lon-
don, Rotterdam, Utrecht, Berlin and Valencia.

The aim of this project is to accelerate the updat-
ing of knowledge innovations in sustainable devel-
opment, urban regeneration projects and retrofit. 
Eurbanlab develops several initiatives to promote 
the transition to low-carbon resilient cities. One of 
them is the assessment tool called B4U or •Bench-
mark for youŽ (Bosch et al. 2013).

The B4U indicator system provides an assess-
ment of innovative projects in their local context. 
This system is particularly focused on indentifying 
factors that allow urban regeneration projects to 
be successful. More crucially, this tool can con-
tribute to identify, develop and promote financial 
solutions that serve to unlock the huge investment 
potential and untapped business opportunities that 
exist in the European building stock.

Indicator systems which mainly focus on social 
and environmental aspects (People and Planet 
indicator categories) of successful projects are 
just insufficient. From this point of view, the B4U 
assessment tool adds more variables which meas-
ure the economic viability of these projects, their 
implementation processes and also their impacts in 
society (Profit , Process and Propagation indicator 
categories). Consequently, this is the 5P approach 
of Eurbanlab (Fig. 3).

2.2 The B4U assessment tool and its Profit 
indicators

This paper therefore focuses on the Profit  to add a 
differential value to other indicators systems. Such 
an approach aims to make these projects more 
transparent in order to attract new private stake-
holders to urban regeneration processes, without 
neglecting general interest or undermining public 
governance.

In order to systematize urban regeneration 
processes in the field of urban planning, it is neces-
sary to introduce new innovation vectors in society. 

This challenge should be supported by the most 
advanced sectors of the market (Buck et al. 2005). 
Thus, it is necessary to harmonize the interests of 
public and private investors with the EU sustain-
able commitments and with the civil society par-
ticipation. In order to offer a response to this need, 
the Profit  category within the B4U assessment tool 
develops the economic analysis of the project•s 
performance.

In the case of urban regeneration projects, these 
indicators measure their benefits according to the 
different stakeholders involved. Therefore, Profit  
analyzes the economic viability of the project and 
its profit contribution for a neighbourhood, for its 
users and stakeholders and for other entities indi-
rectly affected. For instance, these indicators char-
acterize several aspects concerning the inhabitants 
of the area, such as the use of local workforce or 
the total energy savings for residents. By focusing 
on the investors and developers, the evaluation of 
regeneration projects also includes the •business 
caseŽ. Business cases are more complicated than a 
few financial analysis indicators, such as the Pay-
back Period, the Internal Rate of Return (IRR) or 
the Net Present Value (NPV), and also deal with the 
distribution of costs and investments, the measur-
ing of total cost and subsidies or even the cost in 
Euros per ton of CO2 saved per year.

Once the category is evaluated by the indica-
tor system, the tool provides the option to com-
pare the results through a normalization process. 
This step is vital not only to compare factors with 
widely varying units and scales but also to compare 
different projects in order to identify their weak-
nesses and strengths.

In summary, the B4U assessment tool develops 
a methodology that provides a complex evaluation 
of the project, especially taking into account its 
economic viability. Furthermore, this methodol-
ogy allows the assessment of large cases of regen-
eration and also smaller urban scale interventions.

3 HOW DO PROFIT INDICATORS 
EMPOWER OTHER CATEGORIES?

3.1 Five case studies comparative analysis

The B4U assessment tool has been currently 
applied in 11 projects of urban innovation, five 
of them in the Netherlands, one in Sweden, two 
in the UK, one in Belgium, one in Germany and 
one in Spain. Interestingly, most of them are urban 
regeneration and retrofitting projects.

In order to answer the question of how profit 
indicators empower other categories, this paper 
compares five case studies paying special attention 
to Profit .

Figure 3. Impact of an innovative project (Eurbanlab).
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3.1.1 De Nieuwe Hertzog in The Hague 
(Netherlands)

This case study is a public-private initiative to reno-
vate the almost 100 year old buildings in Hertzog 
Street. In the renovation of its 135 homes, the shell 
of the buildings remained in order to retain a part 
of the authenticity of this historical district called 
•Transvaal•. Interestingly, it is good example of an 
integrated procedure that renovates old houses apply-
ing innovations such as HCS-systems or energy-roofs 
whilst retaining the historic character of the neigh-
borhood. Focusing on the Profit  category, although 
this project has an average score, the majority of 
its different economical indicators are unbalanced 
(Fig. 4). While Use of Local workforce and Total cost 
vs. subsidies indicators obtain a high score, the other 
indicators such as Total cost savings for end-user or 
Payback Period are much lower (Fig. 5).

On the one hand, this project contributes pri-
marily to increase local employment. In fact, the 
assessment reveals an investment in local suppli-
ers, contractors and service providers of between 
60 and 80 per cent of the total costs. On the other 
hand, the high score of the Total cost vs. Subsidies 
indicator highlights its low dependence on public 
subsidies (less than 10 per cent of public funding).

Furthermore, these project strategies have a 
large influence on improving several factors of 
other groups of indicators such as the Process 
category. For instance, a high investment in local 
employment directly empowers Process indicators 
such as Training of the workforce. In fact, this posi-
tive result is doubled (Fig. 6).

3.1.2 De Kroeven in Noord-Brabant 
(Netherlands)

De Kroeven is an urban regeneration project of 
134 social housing, built in the early 1950s. It is a 
private initiative launched in the town district of 
De Kroeven, in Noord-Brabant, Netherlands.

In this case, Profit  indicators score lower com-
paring with the other case studies. This score is 
due to its low investment in the local workforce, 
poor energy saving results for residents and its 
long payback period (more than 40 years) (Fig. 8). 
These factors also have a great influence on the 
indexes contained in the People category which 
suffers a reduction of  50 per cent comparing 
with the average (Fig. 7). The social benefits for 
inhabitants measured by several People indicators 
such as Social housing or Fuel poverty are affected 
(Fig. 9).

Figures 4, 5 and 6. Results per P-category, Profit scores 
and Process scores. De Nieuwe Hertzog assessment 
(Eurbanlab).

Figures 7, 8 and 9. Results per P-category, Profit scores 
and People scores. De Kroeven assessment (Eurbanlab).
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3.1.3 Bomenbuurt district in Ulft (Netherlands)
This case works in opposition to the previous one. 
Although it was also a private initiative, the project 
was successful in all the evaluated Profit  parameters, 
and moreover obtained one of the highest general 
scores of the cases selected. The Bomenbuurt Ulft 
project was launched as an innovative procurement 
method in the restructuring of a neighborhood from 
the 1960s. Through a different form of procurement, 
the market was challenged to come up with innova-
tive and integral solutions for energy neutral building 
with a very competitive price. As shown in the figures 
below, the great result achieved in the Profit  indicator 
also holds great results in the Propagation, Process 
and Planet indicators (Fig. 10). The greatest influence 
was detected on the Planet category due to the energy 
saving strategies applied in the project (Fig. 11). The 
results are 25 per cent more positive compared to the 
average, e.g. in the Annual Final Energy Consumption 
of Buildings indicator (Fig. 12).

3.1.4 Poptahof in Delft (Netherlands)
Case study four is a renovation plan for the resi-
dential district of Poptahof, which was built in 
the 1960s. At the time, these flats formed the 
most densely populated piece of land in Europe. 
The aim was to improve the social and ecological 
sustainability for the following 10-15 years, reach-
ing the national standard for new buildings and 
achieving an energy efficiency of 20 per cent better 
than national standards (Fig. 13).

With respect to this case, it is important to high-
light the well balanced result of the Payback Period 
indicator (Fig 14). This index shows a time reduc-
tion in the return of the investment to owners and 
operators over a period of between 15 to 18 years, 
less than the average of between 30 to 40 years. 
Of course, these results have great influence in 
Propagation indicators, for example the one which 
measures the promotion of New Forms of Financ-
ing (Fig. 15).

3.1.5 Zaragoza (Spain)
The last selected case is the urban plan for renovat-
ing 21 groups of buildings in different districts of 
Zaragoza. These dwellings were built between the 
1940s and the •60s, and were being left out of the 
market due to its poor conditions.

According to this case, the Profit  indicators 
reveal two important lessons to learn. On the one 
hand, the project totally depends on public fund-
ing. Subsidies of more than 75% of total costs are 
required (Fig. 16). In the current economical con-
text, recession limited the debt capacity of public 

Figures 10, 11 and 12. Results per P-category, Profit 
scores and Planet scores. Bomenbuurt Ulft assessment 
(Eurbanlab).

Figures 13, 14 and 15. Results per P-category, Profit 
scores and Propagation scores. Poptahof assessment 
(Eurbanlab).
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administrations, causing problems and delays in the 
last phases of the project implementation. Conse-
quently, this business model could be insufficient. 
On the other hand, it is worth noting that public 
budgets have been mostly spent on local suppliers, 
constructors and local workforces, and this strat-
egy produces high socio-economical benefits in the 
neighborhood and for its inhabitants (Fig. 17).

In summary, the first lesson is that finding new 
and innovative ways of financing, including the 
private sector, is essential to guarantee the com-
pletion of the project. The second lesson is a con-
sequence of the previous one: If  it is possible to 
involve private stakeholders and companies in such 
projects, it is necessary to ensure the continuity of 
good levels of investment in the local workforce.

3.2 Results

The Profit category has a big influence on many 
other indicators. The B4U assessment tool shows 
how important these monetary and non-monetary 
values are for the success of the project perform-
ance. Aspects like investing in local suppliers, cal-
culating a well balance payback period or defining 
a better distribution of costs and subsidies, indi-
rectly empower the social and environmental indi-
cators (People, Planet, Process and Propagation).

This method develops a better analysis of the 
financial barriers which could limit the ability of 
urban regeneration practices and urban innovation 
initiatives to scale up.

As previously mentioned, its results can be used 
to define the •business caseŽ which identifies the 
project connection to market demands and its flex-
ibility to apply itself  to other contexts with differ-
ent supportive regulatory frameworks. Finally, it 
could be used to detect innovative niche markets 
and new financing methods to develop low-carbon 
economies such as Climate-KIC pursues.

In conclusion, it is worth mentioning that 
approximately 40 per cent of Europe•s building 
stock predates the 1960s and is in dire need of 
renovation. Unlike emerging economies such as 
China and India, which are experiencing an explo-
sion of new building, new construction in Europe 
represents only approximately 1% of building 
stock (Report of Economist Intelligence Unit 
2013). Consequently, it is a great opportunity to 
promote the transition towards low-carbon based 
urban initiatives. It also encourages the elimination 
of market barriers and promotes the use of devel-
oping instruments to stimulate the urban renova-
tion practices, in accordance with the European 
research and innovation policy framework Hori-
zon 2020.
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ABSTRACT: Architecture represents the intellectual identity, the level of creativity and esthetics of 
human being in any place whereas those features usually correspond to that place in particular. Both the 
Nubian Architecture in Egypt and the Najdi in the kingdom of Saudi Arabia utilized the triangular shape 
as a geometrical composition in elevations. The utilization of the triangular shape in those traditional 
architectures made most architects utilize it as a geometrical element in the design of the contemporary 
designs to interpret the architectural style and feature in both regions in spite of their different geographi-
cal locations. Thus, the importance of the research appears as a trial to comprehend the relation between 
the architectural feature representing a certain place and the configuration of elevations and design to 
maintain the sustainability of buildings through its external envelop that determines its interaction with 
the surrounding environment and presents its relation to the different heritage aspects.

shape in the design composition and articulation 
of the external facades and building elevations to 
emphasize certain architectural features and trends 
of the Nubian and Najdi architectures.

1.3 Research methodology

The research methodology is qualitative (Creswell 
2014) and based on data collection and theoreti-
cal analysis for the architectural features and geo-
metrical properties of the triangular shape and its 
utilization in sustainable design of contemporary 
buildings which reflects and preserve the histori-
cal and cultural trends of both the Nubian and 
Najdi`s Architecture.

Why Nubian and Najdi architectures are selected 
as a case study? The reasons are as follows:

… Both architectures are located in Arab countries 
region.

… They both share & resemble similar environ-
mental aspects.

… Their similarity in cultural and heritage 
characteristics.

… People have almost similar traditions and speak 
same language and religious principles

… Architecture in both regions developed accord-
ing to similar heritage and shared similar history 
and mutations.

1 INTRODUCTION

1.1 The hypothesis and questions

The main premise of the research is to explain 
the utilization of triangular geometrical shapes in 
the contemporary elevations designs in order to 
express a certain architectural regional style with-
out consideration of the fundamental roots for the 
main motivation of utilizing those shapes and how 
they resembles the sustainable vernacular features 
which are similar to that of Nubian and Najdi 
architecture.

The research will try to answer simple questions, 
which are summarized in the following:

1. What are the vernacular architectural trends of 
the Nubian & Najdi Architectures?

2. Why the triangular geometrical shape has 
been utilized in both architectures to express 
and determine their Architectural feature and 
trends?

3. How the utilization of such triangular geomet-
rical shape participated to support the idea of 
sustainability for such local architectures?

1.2 The aim

The research aims to conclude the design moti-
vations, which utilize the triangular geometrical 
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The methodology of the research is summarized 
in the following points:

1. Selecting the case studies and data collection & 
analysis for the Nubian and the Najdi Architec-
tural trends and features.

2. Conclusions for the importance of geometrical 
shapes functionality and fundamentals of design 
and its utilization in external elevations design 
and ornamentation as well as its functional 
importance and sustainable influence on design.

3. Recommendation for guidelines to implement 
such architectural geometrical shapes with func-
tional utilization as well as its contextual and 
esthetical functionality in contemporary designs.

2 THE NUBIAN & NAJDI 
ARCHITECTURAL FEATURES

Vernacular architecture in both Nubian and Najdi 
Architecture was based on the utilization of  exist-
ing and available natural environmental materials 
within its surrounding locations (King 1998). Clay 
has represented the main and major component of 
building material that participated in the composi-
tion of  buildings and houses in most of  the Arabian 
region. Through the study and observation of  the 
historical examples of  houses built up during that 
architectural epoch, there are several conclusions 
one of the most obvious is the similarity of  utiliz-
ing the triangular shapes as a geometrical element 
in the design for most of  houses elevations. Thus 
the paper addresses the design considerations in 
both Nubian and Najdi Architectures as two dif-
ferent regions by comparison they both determine 
the similarities and opposition and divergence in 
the architectural features especially in the compo-
sition of  openings in elevations.

The vernacular architecture shared the same reli-
gious doctrine and environmental characteristics and 
has introduced solutions for several environmental 
problems as a result it consort and harmonize with all 
the surroundings behavior and harsh environmental 
influences. It has proven that either its technical meth-
ods are rarely expensive in consumption of energy 
or its structural systems additionally they are under-
standable and easy to be used by users (Safwat 2004). 
It is obvious that the Nubian and Najdi Architectures, 
which are parts of the Arabian styles, are considered 
as part of the sustainable environmental architecture 
styles. The paper stresses and focuses on the utiliza-
tion of the triangular shape in composition of eleva-
tions as an ornamental and structural element.

2.1 The triangle and the traditional Nubian house

Nubian houses have been constructed on the river 
Nile Banks in the South of Egypt and to the North 

of Sudan since the Pharaonic Era and civilization. 
The Nubian house is formed of mud bricks which 
are composed of mud, small particles of gravel, the 
walls are built up of bricks with width of about 500 
mm this thickness maintain rooms temperature to 
keep cool in hot climates (Wenzel 1972).

Through the study of openings as one of the 
most important architectural elements in elevations 
composition in the Nubian houses. It is obvious 
that openings are characterized by its narrow width 
which made it appear as longitudinal grooves adja-
cent to the ceilings to maintain privacy and decrease 
the exposed areas to heat and Sun glare (Fig. 1).

The triangular slots are found on top of those 
openings especially in the parapets and vaults to play 
an important role in natural ventilation for decreas-
ing the heat effect on roofs of Nubian buildings.

The conclusion from the previous study, and 
observation of the function of longitudinal open-
ings and triangular slots, which were integrated 
with the environmental characteristics, That uses 
mud as the main component as a building mate-
rial and the local traditional building skills for 
natives builders the use of lentils are difficult to 
obtain wide openings, what is discussed could be 

Figure 1. The realistic and mockup models for the 
Nubian house in Al-Nuba, South of Egypt (The Nubian 
Museum Report The Aga Khan Award for Architecture, 
Aswan, Egypt, 1997).
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summarized in the Nubian wisdom •One man 
Could not built a house, On the contrary ten men 
could build twenty housesŽ (Hazmi 2009).

2.2 The triangle and the traditional Nadji house

Najd Zone lays in the middle of the Saudi Arabian 
deserts its architecture depended on The use of 
the internal courts or what is known as •Al-FinaaŽ 
in the Islamic Architecture and the Arabian civi-
lization to achieve an environmental convenient 
between in and out also the social aspects. Mostly 
all buildings are built up of mud bricks with wall 
thickness that range from 450…750 mm. The tradi-
tional Najdi house resemble a fortress that is con-
venient with the privacy and traditions of residents, 
the external openings are minimal and are usually 
located on the Upper part of walls and they are 
usually narrow in addition to openings for external 
view over the main entrances (General Authority 
for Tourism and Antiquities 2010).

The simple geometrical ornaments are clearly 
used in elevations of houses and buildings as it 
depends on vertical and horizontal repetition of slots 
and openings (Fig. 2), although it utilizes different 
colors for decoration of doors and windows as well 
as the ceilings, which adds the character of the sur-
rounding environment to the internal scheme.

3 THE GEOMETRICAL INFLUENCE OF 
THE TRIANGLE

Geometry and architecture are two disciplines that 
are fundamentally linked. One of the most recog-
nized geometric shapes is the triangle. Triangles 
are identified by the three angles that are linked 
through line segments to form a three-sided shape. 
The two most common triangular forms used in 
architecture are equilateral and isosceles. Triangles 
are effective tools for architecture and are used 
in the design of buildings and other structures as 
they provide strength and stability. When building 

materials are used to form a triangle, the design has 
a heavy base and the pinnacle on the top is capa-
ble of handling weight because of how the energy 
is distributed throughout the triangle. This is why 
many residential homes have A-frames; it provides 
a sturdy structure. The triangle•s use in architecture 
dates back more years than other common archi-
tecture shapes such as the dome, arch, cylinder, and 
even predates the wheel. The sturdiest of the trian-
gles are equilateral and isosceles; their symmetry 
aids in distributing weight. The importance of the 
triangle as a two-dimensional geometrical shape, 
which is consisted of three heads joining three sides, 
and it is characterized by its balance depending on 
the engineering rule that the body is balanced under 
the influence of three forces, which formed a closed 
triangle, therefore the triangle shape has been uti-
lized in both Nubian and Najdi vernacular archi-
tecture in the composition of the openings or what 
is known in the Islamic and Arabian Region Archi-
tecture as •Al-MukhramatŽ, where the technology 
does not require construction of thresholds during 
the construction process with mud as the following 
table will explain and illustrate the different compo-
sitional treatment of each dwelling.

The conclusion from the above comparison 
between both the Nubian & Najdi architecture 
features is the utilization of the triangle shape as 
design intent and as a main architectural element 
in composition of elevations.

The design intents could be identified as follows:

… The Structural Intent: Fulfill the openings or 
perforations with mud without depending on 
the use of lintels.

… The Environmental Intent: Is to create openings 
with the largest width in base within the least 
area possible.

… The Social Intent: To maintain the maximum 
privacy through limitation of sight passing 
through narrow openings.

… The Economical Intent: Responsiveness to the 
use of cheerful colored ornaments by integration 
of shapes without adding new building materials.

From the previous design intents, it is clear that 
the vernacular architecture in both Nubian and 
Najdi regions has established the basis of sustaina-
bility that respects human beings and environment. 
Architects have taken care of using the triangular 

Figure 2. The Palace in Diriyah District in Najd„Saudi 
Arabia…UNISCO official website, At-Turaif  District in 
Ad-Dir•iyah (http://whc.unesco.org/en/list/1329).
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shape as a geometrical element in the composi-
tion of elevations that resembles and determine 
the architectural style for both Nubian and Najdi 
architectures. Through the past eras and still cur-
rently utilizing triangular shaped slots as it will 
be used concurrently in future as a contemporary 
architectural feature that resembles the vernacular 
local trends as well.

The paper will discuss the impact and influence 
of using the triangular shape in the following part 
and its output on the contemporary architecture 
of both the Nubian and Najdi Regions.

4 THE TRIANGLE AND THE ELEVATION 
OF THE CONTEMPORARY BUILDINGS

Architects are usually interested to inspire the 
architectural vocabulary from heritage to demon-
strate their buildings, whether residential or public 
buildings with the local and native characters of the 
surrounding environment and traditional features. 

By embodied their architectural creations through 
dealing with the vocabulary of heritage accord-
ing to subjecting these architectural vocabularies 
to different influences and mechanisms or intents, 
which can be summarized as follows (Diversifica-
tion„Cultural Trope„Invention„Experimenta-
tion) (Aldahwi, Raouf & Tahir 2012).

The author will review the contemporary mod-
els of buildings that have used the triangle in the 
composition of elevations, an example for each 
mechanism of the above mentioned will be dis-
cussed to explain each of them with emphasize on 
the triangle shape to indicate its influence on the 
contemporary sustainable architecture.

4.1 The diversification mechanism (The Nubian 
Museum)

The design of the Nubian Museum, which was 
opened in 1997, designed by the Architect Mah-
moud Al-Hakim, depended on the idea of achiev-
ing a building that reflects the Nubian civilization 
and culture in the area of south Egypt since the era 
of the pharaohs and until the present time. Through 
the study of elevations design especially the main 
entrance elevation. We note that the triangular slots 
which is known, as •Al-MukhramatŽ in the top 
end of the parapet is a typical cloning to what was 
used in the traditional Nubian dwelling without any 
change. On the contrary the triangular shape was 
collected every six triangles in a singular triangu-
lar shape which is repeated along the elevation as 
shown in Figure 3. Those triangular shapes have 
been used for ventilation of the double walls and 
were not used with a structural purpose, as a result 
of the use for the triangular shape slots in elevations 
design a direct perception for the users with the 
Nubian character architecture making the building 
more familiar and with an easy interpretation.

4.2 The cultural borrowing mechanism (The 
Great Mosque: Imam Turki bin Abdullah)

The Great Mosque for Imam Turki bin Abdul-
lah at Qasr Al„Hukm area located in downtown 
Riyadh, which opened in 1992 designed by the 
Architect Rasim Badran maintained the spirit of 
traditional architecture, by analyzing the facades 
of the internal courtyard of the mosque. We find 
that the architect borrowed the arcades from the 
surrounding architecture with her portrayal form 
a triangle depending on the possibilities of pre-
cast concrete contemporary while maintaining the 
formation of the arcades visually through six tri-
angular slots identical with the Najdi architecture 
heritage, as shown in Figure 4.

The rectangular slots have been used topped with 
the triangular ones, along the high minaret of the 

Table 1. Comparison between Utilization of Trian-
gle shapes in Nubian and Najdi Houses (The Nubian 
Museum Report, The Aga Khan Award for Architecture, 
Aswan, Egypt, 1997).
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mosque to expand over the connotations of diverse 
cultures to change and reflect contemporary her-
itage monuments template while maintaining the 
formal clarity and function of the environmental 
triangular slots known as •Al-MukhramatŽ venti-
lation in the blanks without making radical changes 
to achieve easily identify reference tropes.

4.3 The invention mechanism (King Saud 
University)

The headquarters of the King Saud University 
in Riyadh and its private lobby in the main axis 
of academy that has been opened in 1884 and 
designed by HOK Architects. It is an example to 
convert the use of the triangle of slots in the for-
mation of interfaces as housing traditional forms 
hierarchical shining roof of the lobby, away from 
the glare photosynthesis as an environmental treat-
ment commensurate with the harsh climatic condi-
tions the specific architecture of Najd.

Added role of hierarchical forms of transport 
loads in the construction of the roof to the col-
umns or configure wall of vertical wrenches iron 
triangle„shaped form as shown in Figure 5. We 
find that this renewal ensures conversion and 
change in relationship formation of two-dimen-
sional triangles after re-installed in the form of a 
new three-dimensional pyramid to achieve a prod-
uct of creative and sometimes raises the obvious 
connotations between Triangle and design, making 
it the invention represents.

4.4 The experimentation mechanism (King Fahd 
Library)

The development of the National library of King 
Fahd, which will be inaugurated in 2014 designed 
by Architect: Eckhard Gerber in the central nerve 

of Riyadh, reflects the local culture. Therefore the 
concept design to cover the building envelope in 
units of histologic form of Shelters vacuum reflects 
dropped convergence of diamond-shaped, consist-
ing of two triangles close proximity of the base, 
which is a departure from the form of direct trian-
gle of the Najdi architecture as shown in Figure 6.

While has to take advantage of the properties 
of the triangle on the sustainability of buildings by 

Figure 3. The palace in Diriyah distric in Najd. Saudi 
Arabia (The Nubian Museum Report, The Aga Khan 
Award for Architecture, Aswan, Egypt, 1997).

Figure 4. The Great Mosque for Imam Turki bin 
Abdullah at Qasr Al, Hukm, Riyadh, Saudi Arabia 
(James Steele, The Architecture of Rasim Badran).

Figure 5. The Main Lobby of the Academic Spine, 
King Saud University (Alam Albennaa Magazine 1998, 
Riyadh, Saudi Arabia).
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increasing the flat shading facades, which reduces 
the amount of heat transmitted through the build-
ing envelope with the provision of outward visibil-
ity to the perimeter of the building from reading 
rooms inside the library building. We note that the 
architect created a new formation in the environ-
mental remediation of the building envelope, which 
does not seem recipe continuity to the traditional 
shape of a triangle dorsally but linked to it through 
the motivation and design achieved especially for 
the sustainability of the building.

5 CONCLUSION: THE DESIGN INTENT 
OF THE TRIANGLE IN NUBIAN AND 
NADJI ARCHITECTURES

Resulted from an analysis of previous projects as 
models the authors tried to draw inspiration from 

the use of the triangle in the formation of inter-
faces buildings to reflect the architectural charac-
ter of the regions of the study.

… Whenever the architect ascends by utilizing the 
alterations of design which is related and asso-
ciated with the four mechanisms starting with 
the diversification mechanism, then the cultural 
borrowing mechanism, then using the Invention 
Mechanism till ending by the Experimentation 
Mechanism, whenever the design concepts are 
diversified and deepened in order to find new 
ideas.

… The use of the triangle in its traditional diver-
sification mechanism used without taking into 
account modern construction materials as in 
case of the Nubian Museum did not add a dis-
tinctive concept design parameter in spite of 
visual expression for the mental image of ver-
nacular architecture.

… The uniqueness in design idea which appeared 
in the experimentation mechanism in the appli-
cation of the multiple design motivations using 
the triangle (Environmental„Structural„So-
cial„Economic) as shown in Figure 5 helped 
to develop the building of King Fahd National 
Library and upgraded the environmental stand-
ards to verify the concept of sustainability and 
also reflect contemporary architecture associ-
ated with the local culture of the region of Najdi 
Architecture without reflowing in the formal 
traditions features only.
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ABSTRACT: We are nowadays facing a situation of crisis for which we urgently need to find solutions. 
Better than trying to invent them, we should search them at the sources, considering that many of them 
exist already. Vernacular habitats reveal exemplary strategies in terms of sustainability. There is no bet-
ter evidence of sustainability than those habitats that have actually lasted for a long time thanks to their 
capacity of adaptation to local conditions, developed and transferred over the centuries. The present arti-
cle is part of the VerSus project, which intends to show that we should learn from vernacular heritage in 
order to build in a sustainable manner today. This article attempts to demonstrate the validity of French 
vernacular solutions for the reinterpretation of a new vision for contemporary architecture through two 
case studies.

endangerment of its rich vernacular heritage. A 
few generations are enough to replace traditional 
principles by new ones, without considering their 
real value. This local knowledge is the result of a 
historical collective intelligence.

The heritage we have received has already proven 
its ability to promote a healthy and sustainable 
qualitative development of the peoples and their 
environments.

2 RESEARCH•S METHODOLOGY

2.1 Literature review and sustainability concepts

The initial step of this research was to conduct a 
literature review in two stages. First one consisted 
in studying all the grids dealing with sustainability 
principles in architecture.

Such grids for architects and engineers are 
numerous and too often limited to very specific sec-
tors such as thermal performance. We brought them 
together, and tried to structure all of them in a clear 
and comprehensive manner. What emerged was a 

1 VERNACULAR AS A LEARNING 
SOURCE

1.1 Vernacular and sustainable

•VernacularŽ is in the very core of sustainabil-
ity: it is essentially what links a human group to 
a territory, a community to a place, a family to a 
house. Vernacular habitats are born in and from 
the site, they understand it, they follow the place•s 
logic and rely on its resources. Vernacular means 
domestic, so all goods produced to be sold in long 
commercial circuits do not fit with the idea of ver-
nacular. Being vernacular means to take advantage 
from local resources moderately in order to make a 
living out of them.

1.2 Losing heritage

In recent decades economic growth has caused 
substantial transformations in our ways of living. 
In the framework of a research developed for the 
VerSus program we have traveled through France 
and we have realised the situation of neglect and 
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first structured grid based on 15 principles broken 
down into more than a hundred keywords. The sec-
ond step consisted in conducting a second literature 
review on vernacular architecture (Chauvet, 2005; 
Pomerol, Sustrac, Marty, 2006; Cléa, Fillipetti, 
2007) to find examples that illustrate every keyword. 
Each building or typology was then localised on a 
map of France including Corsica. This map was 
quickly filled up with clouds of stickers represent-
ing mills, laundries, cultural landscapes, pedestrian 
alleys, etc. It is on this basis that we could begin the 
next phase: the photographic survey itself.

2.2 Tour-de-France: Tracking remarkable 
vernacular architectures

The trip was organised in two phases: The Tour-
de-France lasted 14 days and the tour of Corsica 5 
days, with a week for a first sorting out of the collec-
tion in between. This part of the project was one of 
the most inspiring. Freshly rooted in our memories, 
the grid served as a guide to read the landscape and 
track all kinds of thrilling details. Our movements 
were guided by the stickers on the map but also by 
the weather forecast that we carefully studied every 
night, in order to avoid poor light conditions. Every 
evening was devoted to sort out and rename new 
pictures taken, and to discuss the great surprises 
and disappointments of the day. At the end of the 
journey 7,800 pictures had been taken.

2.3 Picture selection in the office

Back in the office, all images were printed as a 
large catalog of contact sheets. Best images were 
selected and reviewed to see what they illustrated 
better. Some key ideas were very easy to represent 
by an image, such as local energy production by 
windmills, and others were more tricky, such as the 
transmission of know-how.

2.4 Concepts and strategies refining

The long process of sorting images sparked heated 
debates around sustainability issues in the team. The 
key ideas were eventually enriched and reformulated 
into 120 strategies of sustainability. This served as a 
frame for the VerSus booklet, which illustrates with 
specific examples how these habitats are sustainable.

At the end of this booklet there is a selection 
of contemporary examples analysed through the 
principles learnt from this research on vernacular 
heritage. These principles (Fig. 1) can be used as 
a guide for contemporary designers and individu-
als wishing to produce relevant architectures at all 
environmental, socio-cultural and socio-economic 
levels. We will now try to demonstrate this idea 
using two case studies representing the transition 
from vernacular to sustainable.

3 A VERNACULAR EXAMPLE OF 
FRENCH HERITAGE

3.1 Eco-centres and conservation policies

During our trip through France, one of best exam-
ples of a really sustainable vernacular habitat we 
found, was an eco-museum called •la Bourrine du 
Bois JuquaudŽ in the Vendée Region (Fig. 2). It is a 
thatched farm completely built with local materials 
in 1818. The farm was abandoned in 1967. The local 
council bought it in 1980, and restored it with the 
help of a local association and the local government 
of Vendée. The eco-museum opened in 1989, and a 
conservation policy has been developed since then, 
with periodical maintenance and training in tradi-
tional techniques (Saint-Hilaire-de-Riez, 2012).

Visitors can discover the daily life of its former 
inhabitants, but also researchers can find here a 
very interesting exhibition of all kinds of historical 
and ethnographic topics. Several buildings in the 
compound are showing all kinds of domestic tasks: 
The •great galleryŽ hosting the chariot and other 
tools, the •small galleryŽ for all combustible arti-
cles, the farm to house livestock, the warehouse to 
store all supplies, the dairy (Fig. 3), the hen house 
and, of course, the home itself: the bourrine.

Figure 1. The 15 VerSus sustainability principles 
(Arnaud Misse).

Figure 2. •La Bourrine du Bois Juquaud •, la Vendée 
Region (Nuria Sánchez Muñoz).
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The eco-museum has a projection room where 
a video shows all works for the house over a com-
plete year, including construction and maintenance 
works. The eco-museum transmits the idea of how 
the bourrine benefited from all resources thanks to 
the know-how transferred over generations.

3.2 Description and construction of a bourrine

The bourrine is a traditional house typology from 
two North-West coastal regions of France: Brit-
tany and Vendée (Fig. 4). Derived from the Latin 
• burraŽ (coarse wool), it refers to the bushy shape 
roofs made out of reed shoots assembled in bundles, 
the •bourresŽ (Fig. 3). Based on an ancient custom, 
the poorest among the less wealthy farmers had no 
resource for owning a house, other than to capture 
a portion of public land granted by the communal 
authority. The candidate sighted a small piece of 
wasteland, one of those which appeared all along 
the marshes pathways (the so called •charraudsŽ). 
The only conditions for such a settlement were to 
obtain the consent of the community, to build the 
house in one night time and to release a clearly visi-
ble smoke out of a fire within the first light of dawn. 
It is evident that nobody is capable to erect in such a 
short time anything else than a raw hut made out of 
piles and •plaingnesŽ or •bigôtsŽ (lumps directly cut 
off the ground), and to cover it in a hurry with a few 
armfuls of reed. The idea was probably just to build 
a rough shelter in which to start a fire as a symbolic 
evidence. They were called •bourrines de la nuitŽ or 
night bourrines (Le Boeuf, 2012).

The modesty of these people obliged them 
to build their dwellings with the very available 
resources: earth for walls, local wood for the roof 
structure and reeds for thatch roofs. Before any 
building work started, all the fiber work was done: 
cutting the reeds, letting them dry, braiding and 
coupling to get ready for storage. In general, no 
foundations were done, only if  there were some 
rolling stones available, a small plinth was lifted to 

avoid moisture rising. Walls were 60 cm thick and 
they were made out of cobwork. This is an ancient 
and fairly simple technique, consisting of using 
wetland (clay earth previously mixed with straw 
and water left soaking overnight) to shape walls 
in successive lifts of 50cm with only the hands. In 
some places, and once a lift was completed, the 
worker would level all surface bulges with the help 
of a •bêcheŽ (spade). Lateral walls were normally 
about 1.80m high, while gables reached up to 4 m.

Walls construction would take about a month 
time. The roof structure was made out of wood, 
usually with all pieces coming from close forest trees 
like elms, willows or poplars. During the second half  
of the 19th century, a forest was planted in the area 
with the principal aim to dry marshals and facilitate 
the dunes retention. Before that, wood was a quite 
scarce material, and very often old beams and raft-
ers were recovered from older buildings, but since 
then, pine trees also became available. Timber struc-
ture rested directly on the earth wall with no other 
reinforcing piece apart from principal trusses and 
rafters, supported by wood pillars placed inside the 
wall. For these main pieces, they normally used the 
most curved logs as if they were pre-stressed beams 
which also helped clear the interior space (Fig. 5). 
In order to cover the roof structure, they placed 
bunches of reeds beginning from the lowest part up 
to the very top, and tied them to the structure bat-
tens. Once the first row was set, they proceeded to 
cut all loose ends, giving it the characteristic bour-
rines• shape. Once the top of the roof was reached, 
they folded one side over the other, and set a layer of 
soil with Barbarian figs planted to protect the roof 
from rain water leaks. Finally, principal buildings 
would be rendered with a lime plaster.

3.3 Some bourrine•s lessons confronted 
to the 15 VerSus sustainability principles

 1. Biodiversity is not damaged thanks to non-
toxic materials, which could be reintegrated in 
the place once the building is abandoned.

Figure 4. •La Bourrine du Bois Juquaud •, la Vendée 
Region (Nuria Sánchez Muñoz).Figure 3. Bourrine du Pont de l•Arche, Saint-Hilaire de 

Riez, 1890 (J-C. Robuchon. Conservation Departamen-
tale des Musées de Vendée).
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 2. Bourrines place most of their openings on the 
south side walls.

 3. The use of local and slightly transformed 
materials avoids pollution from transportation 
and processing. Anything becomes a resource, 
so there was no waste. Elements from older 
buildings were reused or recovered.

 4. Earth walls and lime renders allow bourrines to 
absorb excess humidity and avoid the increase 
of microbes and other disease vectors.

 5. West elevations have an aerodynamic curve to 
avoid damages caused by the frequent strong 
winds coming from the nearby ocean, mean-
while east elevations are just flat.

 6. Bourrines are usually installed next to marsh-
lands, which were channelised in order to 
benefit from a constant supply of water for 
various activities, like oyster farming or salt 
production.

 7. Bourrines are astonishing representations of 
how a construction culture responds to real 
needs, difficult times and a very specific envi-
ronment as marsh lands. Construction skills 
were transferred by participation.

 8. There is a great diversity on details and final 
finishes in the bourrines. Thanks to this each 
bourrine is unique.

 9. The fireplace was used to accomplish a ritual: 
the right to occupy and live in a place.

10. The construction of a bourrine is based on the 
community mutual aid.

11. Bourrines• compound integrates the produc-
tion of all basic needs such as water, garden-
ing, livestock breeding, processing systems, 
food preservation and storage, and even sea-
weed for the fertilisation of fields.

12. These habitats permitted the exploitation of 
marshlands, a hostile environment, otherwise 
probably deserted. Their inhabitants also bred 
chickens and ducks for sale in local markets.

13. Bourrines• layout permitted dwellers extend 
their houses when needed.

14. Earth walls of principal buildings were stabi-
lised with a lime render regularly maintained.

15. All tree branches were used to build the roof 
structure. The oven was used to cook but also 
to heat rooms.

Bourrines provide an incredible lesson of econ-
omy, as they covered all needs of its inhabitants 
despite the very simplicity of means. They are a 
real tribute to simplicity and sobriety, and a great 
example of autonomy. Their capacity of resilience 
was very strong since they only depended on the 
resources available in their territory (water, plants, 
animals, wind and sun). They took care of these 
resources and used them intelligently thanks to the 
cultural and social capital transferred throughout 
generations. All family members participated in 
the house construction tasks, so they all had the 
necessary know-how to maintain their houses. All 
the activities of the household had a deep meaning 
strongly linked to the place, and even the building 
construction was integrated in the cyclical process 
of nature. Nature was respected because they knew 
they depended on it.

4 A NEW CELLAR: TOWARDS 
SUSTAINABLE ARCHITECTURE

4.1 The renaissance of vernacular principles

As we have seen, bourrines are buildings that 
respond to many sustainability principles, such 
as constructing with local materials (earth), and 
with apdated construction cultures (cob). Cob is a 
construction technique widely spread throughout 
northwestern France. In regions such as Normandy 
and Brittany we can find numerous cob buildings. 
Nevertheless most of the new constructions are 
built using conventional techniques and world-
wide disseminated industrial materials. The aban-
donment of vernacular techniques and the loss of 
knowledge and know-how are undeniable facts.

Despite this prevailing homogenization in the 
construction field, some architects and individuals 
are beginning to apply the lessons that vernacu-
lar heritage offers for the design of contemporary 
projects (Fig. 6). They promote the rehabilita-
tion of buildings, and when a new construction is 
demanded, they encourage to do it in a more sus-
tainable manner, adapting the project to their sur-
roundings, respecting the environment, using local 
materials and techniques, etc.

4.2 Recovering vernacular techniques: A cob 
cellar in Normandy

This is the case of a farmer from La Ferrière aux 
Étangs, a village in Normandy, who needed a new 

Figure 5. Cider cellar in Normandy (Fabienne Olivier).
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cellar for the processing and storage of organic cider. 
He contacted a local architect who first proposed 
him a conventional construction built with industrial 
materials. This partially buried cellar with an area of 
530m�, spans from 8 to 12m, and a maximum free 
height of over 8m (Fig. 6), was bound to be built like 
most hangars populating nowadays the French geog-
raphy: another clone fallen from the sky. The project 
that the architect proposed had reinforced concrete 
(foundations, retaining walls, slab and plinths), pre-
fabricated plywood trusses and sandwich panels 
(with inner insulation) for roof covering and walls.

But this organic farmer did not like the proposal, 
because he was conscious about sustainability val-
ues. He was determined to find a way out to build 
the walls with a local and healthy material: earth. 
Thanks to the mediation of another architect work-
ing nearby, the farmer contacted •Les Frères BonŽ, 
a family company with capacity to develop an eco-
friendly major scale construction. This company 
developed several proposals, among which the most 
affordable was to build cob walls within a timber 
formwork, which permitted avoiding the step of 
leveling the walls surface a few days after raising 
them. This was a creative way to improve the time-
table performance, and so to fit the farmer•s budget. 
Thanks to this idea, it was possible to raise about 
300m� of wall in two months including the necessary 
drying time (from July to September 2013). Walls 
were constructed by an average of seven people on 
site, using mechanical means only for preparing and 
supplying the mixture of wet earth and straw to the 
masons. Considering that the number of people 
needed for this kind of earth construction is higher 
than for one made of prefabricated materials, it 
was necessary to achieve a reduction in the labour 
budget. This was possible thanks to the participa-
tion of four students following a degree in earthen 
architecture at CRATerre Laboratory (Fig. 7), who 
participated in this construction through an intern-
ship under the supervision of •Les Frères BonŽ. The 
construction was also opened to the participation of 
neighbours interested in learning this technique, as 
well as the farmer himself who often collaborated as 
a self-builder. Another constraint of the project was 
the fact that cider shall be produced in a place where 

temperature does not exceed 12°C and does not go 
below 0°C during all the fermentation process until 
the bottling up. These processes occur between the 
months of October and December, when the aver-
age temperature in this area does not exceed 12°C. 
The intention of the farmer was not to use any 
mechanical refrigeration system, so it was neces-
sary to find a way to regulate temperature naturally. 
The construction was to stand on a hillside, so he 
decided to build a partially buried cellar, so the tem-
perature variations would be controlled thanks to 
the thermal inertia of the ground. The earth from 
the excavation was used to build the walls. It had 
to be mixed with straw from nearby fields in order 
to moderate retractions during the drying process, 
because of the high cohesion of the clay in the local 
earth. The earth walls, being 30 and 40 cm thick, 
do regulate humidity and temperature variations, 
which also helps the production and conservation 
of cider. Thus the higher initial investment in con-
struction will be offset by the energy savings owed to 
this building efficiency.

The choice of earth to build walls permitted 
him reduce the budget spent in materials, as he 
had already obtained it from the excavation phase. 
It also allowed him to reuse a material that in any 
other construction would have been considered as 
a waste material.

4.3 Review of sustainability principles observed in 
this project

This process illustrates that although the use of 
sustainable criteria in construction is still limited, it 
is as a matter of fact crucial in many respects. The 
expectation was widespread in the area, and one of 
the biggest hits of this project was that it served as 
an example to show farmers and other neighbours 
that it is actually possible to construct a large farm 
building with a local and healthy material. The 
transfer of the constructive culture was a significant 
event. Some of the neighbours who participated 

Figure 6. Cider cellar in Normandy (Frédérique 
Jonnard).

Figure 7. Cider cellar in Normandy (Elena 
Camarasaltas).
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in the construction are already proposing new cob 
projects. This construction means a commitment to 
recover and adapt a local building tradition, which 
will be transmitted to the next generations with great 
pride. This technique offers a tremendous poten-
tial for self-construction, which favours autonomy. 
Another asset is that this project was opened to the 
participation of people who do not work in the field 
of construction, reinforcing social cohesion. This 
activity can be developed without much hierarchy, 
because the basic skills needed to make things right 
can be quickly learnt as it is fairly simple. Building 
with local earth and straw implies respecting nature, 
reducing pollution and creating healthy spaces. It 
also implies for this farmer a future reduction in 
energy consumption and in maintenance costs, 
because he could do it himself if  he needed to.

This building is important as it allows the family 
to preserve a traditional local activity, which means 
either its material support and the transmission of its 
immaterial values (knowledge and know-how). It is 
also symbolically important to the collectivity, as it is 
a pioneer building in many aspects that will be revis-
ited by more conscious people in future projects.

All the efforts made to recover an old technique 
were finally worth it because at last he got recogni-
tion not only from his neighbours, but also from 
local newspapers and specialised national maga-
zines, as Ouest France and Le Moniteur (Guillon, 
2013; Holleville, 2013). Now his organic cider is 

well represented by a sustainable building that will 
probably also help him get a higher value for his 
products (Fig. 9).

5 CONCLUSION

Nearly two centuries separate these two projects, 
and yet they are animated by the same spirit. The 
bourrines builders had little choice; they did their 
best with the resources available. Nowadays, the 
range of choice has exploded and hundreds of 
materials and techniques are accessible, but it does 
not assure designers to reach the high degree of 
intelligence observed in vernacular heritage. Surely, 
today we are facing other kind of problems from 
those existing two hundred years ago, but the idea is 
to find creative solutions with the same spirit of the 
bourrines• builders. For instance, the organic farmer 
found the way to build again with cob. He was a 
pioneer, but the next one to do so would find less 
difficulties. Buildings like this one show the path 
towards a higher sensitivity and care in the design 
of quality projects. Such projects should be encour-
aged. Recovery and renovation works undertaken in 
heritage buildings, new constructions inspired from 
vernacular as well as institutions who offer train-
ing modules on traditional techniques, they are all 
doing a great job for the capitalisation of the assets 
and talents that those peoples reached in terms of 
sustainability. Vernacular architecture is a great 
book of ideas regarding environmental protection, 
cultural expression and socio-economic intelligence. 
We should urgently learn to read these buildings to 
honour them and, of course, to upgrade them.
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ABSTRACT: This presentation deals with a part of a wider and more complex outline of the Sicilian 
construction tradition characterised by the presence of gypsum technologies. Gypsum is a very common 
material used in the island for the realisation of all building elements; its use is commonly spread through-
out Sicily thanks to several and wide superficial out crops located in some parts of the island that make 
this material very easy to find. This presentation is particularly focused on wooden and gypsum floors 
found and analysed during searches and surveys in the regional area. Outline on criteria for some consist-
ent and appropriate consolidation and restoration interventions are here proposed.

state of neglect and serious deterioration; we have 
chosen this kind of buildings because of the ease 
and the freedom to access in addition to the easi-
ness to find and analyse the technological and con-
structive characteristics of technical elements.

The traditional techniques found can be consid-
ered as archetypes of sustainable and green tech-
niques: they are characterised by the use of natural 
materials„easily found on site„that are often 
poor and cheap; they need little waste of energies 
and environmental resources for their finding and 
working; they are not harmful since they do not 
release polluting substances.

All the floors typologies that we have found take 
advantage of the features of the materials used such 
as: lightness, mechanical resistance, thermal and 
acoustic insulation, fire protection, thermal and 
hygrometric stability, resistance to biodeteriogens.

This presentation does not quote any examples 
concerning common and well-known typologies 
(like wooden beams floors, planking and gypsum 
screed); on the contrary, it is possible to find here 
some examples about peculiar and specific typol-
ogies such as: floors with wooden beams, small 
chestnut branches or reeds and gypsum conglom-
erate screed (these elements are typical of  Paler-
mo•s area); floors with wooden beams drowned 
in gypsum conglomerate or with small vaults 
in gypsum conglomerate; floors with wooden 
beams, thin burnt clay bricks and gypsum con-
glomerate (these elements are typical of  Trapani•s 
area); wooden floors where we have found the 
combination between gypsum and cork (these 
elements are typical of  the Madonie mountains, a 
mountain range of  the Sicilian Northern Appen-
nines running along Palermo•s area. In past times 
several cork plantations were spread especially in 
that area).

1 INTRODUCTION

Sicilian constructive tradition„as well as the Ital-
ian one„presents a diversified typology of  con-
structive elements. This variety can be explained 
at a local level through the availability of  mate-
rials, usual building procedures and traditions, 
static and structural exigencies, environmental 
and climatic characteristics. The development 
and the diffusion of  specified traditional tech-
nologies can be seen as a result of  the presence 
of  some wide gypsum outcrops located in Sicily, 
especially in the areas of  Enna, Agrigento, Calta-
nissetta, Trapani and the Madonie mountains 
(Mamì 2006).

This material has been largely used in masonry 
rural and traditional constructions for inner uses 
(as a mortar and binder or for finishes) and exter-
nal uses (as a stony material extracted from quar-
ries, as a binder for the realisation of masonries, 
openings and external angles and, finally, as a 
binder and plaster).

Besides, we have found gypsum as a recycled 
material deriving from previous masonries or plas-
ters: in this case, gypsum has been used as •JssotteŽ 
(a Sicilian word that means pieces of gypsum) in 
conglomerates for the realisations of loadbearing 
vaults, screeds in floors, etc.

This presentation aims at the description of some 
floor typologies with wooden structures and gyp-
sum found during some survey campaigns in Sicily 
(these searches have been realised with A. Mamì 
and R. Verga; their results have been published 
in different texts). Through this study we want to 
underline the material and constructive features of 
these typologies and their laying systems.

Our surveys on site have been addressed to Sicil-
ian urban and rural buildings that are mostly in a 
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2 FLOORS TYPOLOGIES

2.1 Wooden and gypsum floors

This typology is very common mainly in tradi-
tional masonry buildings in Palermo and it is very 
similar to an other type„a more usual and known 
one„with wooden beams and planking system.

It consists of a frame of rough wooden beams 
generally arranged according to the lower light of 
the room. Their diameter is 16 cm while their span is 
about 60 cm. Their heads are lodged in the masonry 
thickness or in the scarcement of walls, if  any.

Instead of the traditional planking, there are 
small chestnut branches (or small chestnut half  
branches) whose diameter is about 6…8 cm; they 
are placed and drawn near the beams conferring 
much more rigidity to the structure and realizing 
the floor surface instead of boarding. It is often 
possible to find reeds tied up by vegetable cords in 
poor buildings instead of small chestnut branches.

Small chestnut branches (or small chestnut half  
branches or reeds) have been covered by a gypsum 
and sand layer on which the screed is realised. It has 
been always based on gypsum and it could refer to 
several typologies: with lime mortar and •JssotteŽ 
(pieces of recycled gypsum from demolished mason-
ries), with gypsum mortar mixed with almond shells 
or other light vegetables or earthenware shards.

At the end of this process the flooring has been 
put on a bed mortar layer (it is made up of gypsum 
or lime).

A peculiar typology of wooden and gypsum 
floor has been found in Favara in Agrigento•s area; 
it is characterized by an alternation of wooden 
boards and gypsum •boards• instead of the tra-
ditional planking. Wooden boards are nailed on 
the frame of the main beams orthogonally (the 
distance is about 20 cm). The space among the 
boards has been filled by a gypsum mortar casting 
through formworks in wooden boards.

Then, the floor has been completed by a screed in 
gypsum conglomerate, bed mortar and flooring.

2.2 Gypsum conglomerate and wooden floors

In this context we find two floors typologies: the 
former concerns wooden beams drowned in gyp-
sum conglomerate while the latter refers to wooden 
beams and small vaults in gypsum conglomerate.

In both cases gypsum has a structural function 
collaborating on mechanical resistance even if  in a 
limited part.

In the first typology floors own a frame of wooden 
beams„frequently in chestnut„whose diameter is 
about 16…18 cm and span is about 60 cm; it is fully 
drowned in conglomerate of gypsum mortar and 
•JssotteŽ, covering the beams for about 3 cm at the 
extrados. Then, the flooring has been placed on a 
layer of bed mortar in gypsum. We can see a layer 
of gypsum finish at the intrados; it has been realised 
through a formwork placed at about 2 cm under the 

Figure 1. Floor with small chestnut branches and gyp-
sum, Palermo (Mormino).

Figure 2. Floor with reeds and gypsum, Ciminna [PA] 
(Mormino).

Figure 3. Floor with the alternation of wooden boards 
and gypsum boards, Favara ([AG] (Calcavecchio, in 
Mamì 2006).
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beams draining fine gypsum mortar before the con-
glomerate casting. The filling in gypsum conglomer-
ate, composed of gypsum, sand and •JssotteŽ, has 
been placed on this layer of the finish.

In many cases some handmade iron nails or 
iron reinforcing rods have been fixed on the beams 
horizontally. The iron elements have been previ-
ously treated with substances delaying their cor-
rosion phenomena due to aggressive action of 
gypsum. Nails or reinforcing rods have been use-
ful to improve the adherence and the connection 
between wood and gypsum as suggested also by 
treatises written in the first half  of the 19th century 
(Cavalieri San Bertolo 1826…27).

In the second floors typology the frame of main 
beams is realised as usual with chestnut wooden 
beams that could be or could not be moulded with 
trapezoidal section. In this specified case, beams 
have been placed in order to make the major basis 
of the trapezoidal section correspond to the floor 

Figure 4. Wooden and gypsum conglomerate floor 
Petralia Sottana [PA] (Mormino).

Figure 5. Wooden and gypsum conglomerate floor, 
detail of reinforcing rods, Ganci [PA] (Mormino).

Figure 6. Wooden floor with small vaults in gypsum 
conglomerate, Petralia Soprana [PA] (Badalamenti).

intrados. Some boards have been placed among 
beams to act as a formwork in order to mould the 
profile of small vaults; like in other cases, the first 
casting has been realised with fine gypsum mortar 
to obtain a layer of finish on which a gypsum con-
glomerate has been casted.

In both typologies, the floor extrados has been 
completed by bed mortar and flooring.

2.3 Wooden floors with thin burnt clay bricks and 
gypsum

This floor typology is very diffused in Trapani•s 
area (it is possible to see some examples in Paler-
mo•s area too). It consists of a main frame of beams 
that can be rough-hewed or perfectly squared. A 
secondary frame of squared wooden joists„large 
6 cm and high 3 cm with a constant span of 25 
cm„is nailed on the main frame of beams.

Square thin burnt clay bricks (whose side is 25 
cm) are based on joists; a gypsum mortar layer 
has been casted on them and, penetrating through 
interstices, it has succeeded to block the joists. The 
floor has been completed by a screed in gypsum 
conglomerate, bed mortar and flooring too.

2.4 Wooden, cork and gypsum floors

This floors typology is very common at Madonie•s 
area where cork is easily found because of the pres-
ence of cork-oak woods.

Cork is a natural and light material; it is an 
excellent thermal and acoustic insulating in addi-
tion to be impermeable to liquids and gases, resist-
ant to the action of parasites and to chemical and 
physical attack, elastic and deformable. Thanks to 
these features cork is very consistent with gypsum 
forming an excellent combination.
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In the past it was often used in the realisation of 
floors as a filling material„that is to say, in pieces 
drowned in gypsum mortar„or as a granular 
mixed to gypsum mortar to reduce the weight and 
increase the thermal insulation. The floors found 
at the Madonie•s area usually own a simple frame 
of rough chestnut wood beams whose span is filled 
by gypsum and cork conglomerate. In some cases 
beams are fully drowned and the intrados is flat; in 
some other cases small vaults are realised among 
beams, as described at paragraph 2.2 of the current 
study. We have also found examples with a planking 
nailed on the beams and a screed in gypsum mortar 
and cork granulate. In all typologies the floor has 
been completed with the flooring placed on bed 
mortar (realised in gypsum) at the extrados; it has 
been redefined with gypsum plaster at the intrados.

In other cases, cork has been used in sheets for 
the realisation of floors with a double wooden 

frame: it is possible to see these examples in Pie-
traperzia, a small village near Enna.

In this case floors have a main frame composed 
of chestnut wooden rough-hewed beams whose 
diameter is about 16 cm and span is about 60 cm; 
the second frame has been realised with rough 
wooden joists„whose diameter is about 9 cm and 
span is about 20…30 cm„resting orthogonally to 
the main beams.

Under the joists we have found some cork sheets 
acting as frameworks for gypsum mortar casting 
that covered the joists entirely and as an intrados 
refined with gypsum plaster.

We can see also a layer of gypsum and aggre-
gates„whose thickness is about 3…4 cm„on the 
joists; finally, the flooring with bed mortar in gyp-
sum mortar has been placed on this layer.

3 AN OUTLINE ON CRITERIA AND 
RECOVERY INTERVENTIONS OF 
WOODEN AND GYPSUM FLOORS

As we can see from these examples, it is clear that 
the use of natural material easily found on site and 
the peculiar laying modalities„established and 
handed down through the centuries and conceived 
as the result of experience and empiricism„have 
produced manufactures integrated and in balance 
with the environment. We must preserve and safe-
guard them because they are specified features of a 
place identity; we are obliged to search on them to 
discover newly building techniques comparable to 
current principles of sustainable architecture and 
green building. These building techniques can be 
proposed again and presented in contemporary 
terms in recovery interventions and new construc-
tions; they can be considered as a hint for new 
materials and sustainable building products and 

Figure 7. Wooden floors with thin burnt clay bricks, 
Bagheria [PA] (Mormino).

Figure 8. Wooden floor with gypsum conglomerate and 
cork granulate, San Mauro Castelverde [PA] (Mormino).

Figure 9. Wooden floor with cork sheets, Pietraperzia 
[EN] (Mormino, in Mamì 2006).
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systems that can be consistent and reversible to use 
both in the recovery interventions of the existing 
constructions and the realisation of new ones.

If  we want to intervene respecting the material, 
building and performance previous features, the 
interventions of recovery, consolidation and resto-
ration of wooden and gypsum floors pose prob-
lems for systems and, above all, materials that are 
usually used or suggested by specialised publica-
tions or rules for solving inconsistency problems as 
structural and performance replies (Vegas López-
Manzanares, Mileto, Cristini, Ruiz Checa & La 
Spina 2014).

Wooden and gypsum handiwork is character-
ised by high elasticity and performance features 
such as lightness, breathability, moisture absorp-
tion, thermal and acoustic insulation.

Today in most cases we consolidate wooden 
floors using cement concrete and /or iron or steel 
elements like, for example, in case of the realisa-
tion of slabs made up in concrete reinforced with 
an electrically welded net.

From the structural point of view, these typolo-
gies of interventions produce the transformation 
of an originally elastic system into a rigid one.

Besides, from the performance point of view, 
cement concrete has a very high weight compar-
ing to gypsum and it cannot guarantee the same 
breathability and hygroscopicity.

Resistance and durability are influenced also by 
chemical incompatibilities between gypsum and 
cement concrete and between gypsum and ferrous 
metals. In the first case, the combination of the two 
materials can produce phenomena of secondary 
ethringite and thaumasite. Besides, the aggressive-
ness of gypsum against iron and steel elements is 
also well-known being subjects to corrosion phe-
nomena if  in direct contact with gypsum.

As a consequence, we believe that, in case of 
wooden and gypsum floors, if  we want to do con-
sistent and compatible recovery and consolida-
tion interventions, it is necessary to intervene with 
natural systems that should be as much as possible 
similar to those originally used.

For example, in case of wooden floors with 
planking, we believe the consolidation can be 
produced: through the placement of a secondary 
boarding of orthogonal and nailed stiffening to the 
previous one; through the realisation of a gypsum 
conglomerate blinding on the double boarding 
(the conglomerate is the result of a combination of 
aggregates like vermiculite, perlite, pumice or cork 
granules intervening in the lightening and growth 
performance of thermo-acoustic insulation).

Where it is necessary to maintain a thickness 
higher than 3 cm or to create a reinforced cope in 
gypsum instead of cement concrete, gypsum con-
glomerate blinding should be reinforced; instead 

of the electrically welded net, a structural net in 
glass fibre or reed mat can be used. An other solu-
tion should be to load gypsum mortar with natural 
fibres such as hemp fibres.

In same way, in case of floors with small chest-
nut branches„if  in good conditions„we could 
operate placing an orthogonal nailed boarding and 
realising a gypsum conglomerate blinding on it.

In the special cases of floors with the alternation 
of wooden boards and gypsum boards„where the 
partial or total replacement of boards is necessary 
since they are gone into a decline„gypsum boards 
could be replaced with prefabricated reinforced 
gypsum layers with helm fibres or glass fibres or 
with high density gypsum or with fyber-gypsum 
layers (gypsum and cellulose sheets) owning better 
features of mechanical resistance.
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ABSTRACT: In the 18th century the old abbey of Santa Maria de l•Estany (Barcelona) promoted the 
construction of a dry stone masonry channel to dry out the natural pond next to the Monastery. The 
buried channel, 425 meters in length, has been largely preserved until today. As some parts of the gallery 
had collapsed, a restoration was prompted, finished in 2012. This work has included a study of histori-
cal documents, a geotechnical study, a ground-penetrating radar survey, a topographical rise, a study of 
construction methods, structural checking through a static graphic model, as well as repairing the most 
damaged sections using the traditional dry stone technique. The paper presents the methodology, the 
criteria and the results obtained in the restoration process of this cultural asset.

that make up the vault of the gallery. In these sec-
tions the approximate width is about 120 cm and 
the height about 210 cm.

Although the predominant construction tech-
nique is dry stone, there is also a 3 meter-long sec-
tion covered by a timbrel vault, most likely the result 
of an earlier repair. At some points of the gallery, 
repointing of the wall grouted with lime and cement 
can be observed, also attributable to post-construc-
tion work.

1.2 Initial state of preservation

When the process of recovering the buried chan-
nel began in 2009, only five of the existing access 
shafts were visible from the surface. The remain-
ing ones had been covered with stone slabs at the 
top and refilled with landfill, so one of the first 
challenges was to pinpoint the exact course of the 
underground gallery.

Furthermore, the channel had an internal col-
lapse, in an intermediate section, which was com-
pletely blocking drainage and causing a build-up 
of water at the top of the gallery, preventing the 
inspection of approximately half  of the system.

Some local detachments of stones from the walls 
and vaults could be observed, as well as the buck-
ling of the inner walls in some sections or the break-
age of one of the flat slabs that covered the top end 
of the gallery.

In spite of all this, most of the accessible course 
was in apparently good condition, allowing the 

1 THE BURIED CHANNEL

1.1 General description

The Estany channel is a buried water passage con-
structed with a slope of less than 1% to drain the 
natural pond in the fields adjacent to the Roman-
esque Monastery of Santa Maria de l•Estany.

The buried channel, following a linear course, has 
three access points (upper, central and lower), thir-
teen ventilation shafts and a branch that is now lost.

The inlet, located at the top end, collects waters 
conducted through a network of medieval ditches. 
In the same way, the central inlet collects water 
from other supplementary ditches. The outlet at 
the bottom end eventually drains into the Estany 
stream beneath the structure of a medieval bridge.

Thus, the drainage of the crop fields around 
the monastery is done through a vast network of 
artificial ditches dug into the ground, converging 
in the top and central inlets of the channel. All the 
walls of the channel were constructed with the dry 
stone technique. The stones for this were obtained 
in the immediate geological environment (mainly 
sandstone and calcarenite).

The upper section of the channel, 34 meters in 
length, is covered by flat sandstone slabs, resting 
mortarless on the lateral walls, with an interior 
width of between 45 and 60 cm and a height of 
about 145 cm.

The rest of the channel is covered with a barrel 
vault, built with substantially flat sandstone rocks, 
dry rowlock arranged to form successive courses 
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feasibility of the restoration of the complex to be 
approached with optimism.

1.3 The initial approach to restoration

The restoration of the channel was approached 
from the beginning with the primary objective of 
recovering its functionality as a drainage infra-
structure, by restoring the continuity of the chan-
nel, trying to fully respect the authentic nature of 
the construction and historic structural systems.

There was also the need to improve accessibility 
and incorporate the possibility of partially visiting 
the interior of the channel, in order to present it as 
a valuable patrimonial asset and to facilitate future 
conservation work.

The aim was also to allow the restoration proc-
ess itself  to show up and obtain significant new 
knowledge to present this cultural asset as part 
of a museographical discourse related to the local 
monastic heritage.

Therefore it was essential to consider the resto-
ration as an interdisciplinary task, which included 
several preliminary studies (historical documents, 
geotechnical, topographic, constructive, structural, 
and so on), some of which lasted throughout the 
repair and conservation work.

2 STUDIES CARRIED OUT

2.1 The study of historical documents

Given the limited historical information avail-
able to begin with, the investigation of historical 
documents was considered, aimed at identify the 
chronological context of the construction and sub-
sequent maintenance work.

Probably the most interesting find was the spec 
sheets for the construction attached to the con-
struction contract, dated 1734. The obligations of 
the local master builders Josep Pasqual and Marià 
Terricabres concerning the building of the channel, 
the shafts and the inlets and outlet are described in 
detail on these spec sheets.

The contract clearly states that the construction 
technique should be dry stone, that the gallery had 
to be covered with a barrel vault, or that the shafts 
should be circular (which withstood the thrust 
from the surrounding land better).

The contract defines the dimensions of the 
different elements of the channel, and there is a 
remarkable correspondence with the work as it was 
actually done, as can be seen in the attached table.

The historical documentation has made it possi-
ble to identify the existence of a network of ditches 

Figure 1. Internal collapse in 2009 (Morros). Figure 2. Section covered with flat stone slabs 
(Morros).
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prior to the fourteenth century, designed to drain 
the pond adjacent to the Monastery.

This network caused recurring problems 
due to the scant slope of the land, to its limited 
capacity and fundamentally to deficiencies in its 
maintenance.

Thus, for example, in 1554 Abbot Carles de Car-
dona employed master builder Joan de Borda to 
widen and increase the depth of some sections of 
the ditches, protecting their walls by fences made 
of branches and sticks.

Nearly two centuries later, in 1732, drainage 
problems persisted, so the illustrious master builder 
Josep Morató Soler (1677…1734) was requested to 
inspect the ditches. We know that he refused to take 
on the work but we do not know who produced 
the spec sheet related to the construction that was 
finally commissioned in 1734.

A year after the construction of the channel 
started, in 1735, master builder Josep Pascual 
refused to continue the work. This time the works 
promoters resorted to the master builders Josep 
Morató Sellés (1712…1768), the son of Josep Mor-
ató Soler, and to Pere Calvet, who were working 
on the construction of the nearby parish church 
of Moià, to continue and finish the work, which 
finally ended in about 1737.

A century later the drainage problems persisted. 
In 1857 the Civil Governor of Barcelona tried 
unsuccessfully to force owners of the land next to 
the channel to take care of its maintenance. Faced 
with the refusal of the owners, the local council 
acquired the subsidiary obligation of maintenance. 
This created an undue burden on the communal 
coffers and did not provide any direct benefit. So 
in 1858 the local council parcelled up the strip of 
land beneath which the channel ran, granting its 
agricultural use in return for the periodical mainte-
nance of the corresponding sections.

This must have been the trigger for blinding 
most of the shafts as well as extending the upper 
end of the channel with flat slabs.

In the late nineteenth century, coinciding with 
the construction of the road from Moià to Súria, 
some repair work was carried out on the inlet and 
outlet.

However, in the twentieth century this construc-
tion gradually fell derelict, something that became 
really evident in 1969, when after heavy rainfall the 
natural pond reappeared.

2.2 The topographic survey and geophysical 
prospection

Prior to the restoration and due to the lack of 
internal access to a large part of the channel, a 
geophysical survey of the inaccessible parts was 
carried out. This was done in order to try to com-
plement the topographic survey.

The survey of the accessible sections was done 
using traditional topographic techniques, adapted 
to the speleological characteristics of the under-
ground gallery.

The geophysical survey consisted in a combi-
nation of geoelectric prospecting, using Electrical 
Resistivity Tomography (ERT), and a GPR system, 

Table 1. Comparison between the dimensions shown in 
the 1734 contract and those observed on site.

Variable 1734 Equivalence Real

Excavation width 12 span 2.35 m 2.40 m
Thickness of walls 3 span 59 cm 40 to 60 cm
Rise of arch 3 span 59 cm 60 cm
Free width 6 span 1.18 m 1.20 m
Free height 11 span 2.16 m 2.15 m
Land coverage 4 spans 78 cm 1 m minimum

(Morros & Puigferrat)

Figure 3. Lower outlet at the north end in the 1940•s 
(Morros).

Figure 4. Representation of a geophysical survey sec-
tion (Sala, García & Tamba).
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adapting this survey to the characteristics of the 
terrain and the depth of the different sections.

The prior geophysical survey also helped to con-
firm the logical building process of the channel 
using the false well technique, given the difference 
in electrical resistivity in the disturbed soil. This 
involves the construction of an open channel and 
a subsequent coverage with inputs taken from the 
excavation.

2.3 The geotechnical study

Given the characteristics of this cultural asset, it 
was essential to gain detailed knowledge of the sub-
soil features. To do this, a campaign of geotechni-
cal drilling was carried out, taking continuous soil 
samples supplemented with electrical tomographic 
profiles.

In this way, an approximate descriptive idea of 
the soil surrounding the channel in each section 
was obtained, which can be summarized in geo-
technical units R, A and B.

Geological unit B consists in bedrock formed 
by argillaceous rocks and calcarenites. It lies below 
the other units, being located near the surface at 
the north end of the channel, while at the south 
end it is located at a depth of 14 meters. It is a layer 
with a hard consistency and an estimated load of 
over 200 kN/m2.

Unit A consists in Quaternary fluvial deposits, 
alluvial in origin and predominantly of a shaly 
nature. This unit is made up of clays and silts. The 
power of this unit is very variable, ranging from 2.4 
m thick near the north inlet to 14 m at the opposite 
south end. It is a layer with a firm consistency and 
an estimated load over 200 kN/m2.

Unit R consists in superficial refill deposits, 
anthropogenic in origin, consisting of discharged 
soil of a heterogeneous nature and low compact-
ness. This unit is found fundamentally at the 
bottom end of the channel, and has weak con-
sistency and compactness. While conducting the 

geotechnical surveys, the water table was found at 
a depth of 6.40 m, near the upper inlet.

2.4 The constructive and structural study

From the theoretical data extracted from the 1734 
contract, and the information on the thrusts and 
the capacity of the soil to withstand obtained 
from the geotechnical study, a model of structural 
checking of the different types of sections using 
static graphics was considered.

To estimate the dry stone•s resistance to com-
pression, as a reference it was decided to take 
the lowest value included in article II.1.1.2.2.3. 
of •Muros de canteríaŽ (Masonry Walls) corre-
sponding to Prescripciones del Instituto Eduardo 
Torroja, published in 1970 (PIET-70), given that 
nowadays the dry stone technique does not appear 
in current building regulations. Consequently, 500 
kN/m 2 was considered as an approximate value of 
pressure resistance of the dry stone.

In order to do structural checking, the actions 
of the weight of the ground, the weight of the 
blocks used to make the gallery, and the lateral 
thrust of the earth (to which the walls react as but-
tresses) were taken into consideration, as well as 
the incidence of passing vehicles, considered as an 
overload.

Once the study of the vertical contact tensions 
of the base of the walls on the ground had been 
made, an approximate value of around 135 kN/m2 
was obtained. Therefore, with regard to gravitato-
rial actions the channel can be said to be within 
admissible values for the land, as well as the theo-
retical resistance of the dry stone.

With respect to the effect of the horizontal lat-
eral thrust of the land, it was necessary to differ-
entiate between sections with covered with barrel 
vaulting and those covered with flat slabs.

In the first case, the effect of horizontal thrust, 
caused by the constructive and geometrical 
arrangement of the vault itself, tends to compen-
sate and to convert the lateral thrust into vertical, 
so that the result obtained is mainly in the central 
third of the constructive elements. It can therefore 
be considered a structurally stable built section.

In the section covered with stone slabs, the result 
of the analysis indicates that the vertical thrusts are 
insufficient to counteract the lateral thrust from the 
land, so the result obtained at the base of the walls 
is not only outside the central third, it may even be 
found in the outer edge of the section. Therefore, 
in this case a situation of potential structural insta-
bility arises, which coincides with the deformations 
and damage observed in this section.

In the interpretation of the structural model, 
as a complementary precaution the effect of wear 
and tear and the internal rheological deformation 

Figure 5. Longitudinal section of land around the 
course of the channel obtained through the geotechnical 
study (Beuter & Blasco).
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of the stones inside the walls and vaults should be 
taken into consideration. This process may also 
contribute to causing local instability, which would 
explain some of the local interior collapses and 
other damage.

3 CRITERIA ADOPTED IN THE 
RESTORATION

The general criteria for the restoration were con-
sidered based on the information obtained in the 
various preliminary studies.

Firstly priority was given to resorting to the least 
possible intervention in order to preserve as far as 
possible the original dry stone vault and walls.

Discernibility between the original historic 
elements and the essential newly incorporated 
contemporary ones was prioritized (such as the 
protective railings in the shafts, or a new entrance 
from outside to make occasional visits in the cen-
tral section possible).

Criteria of environmental sustainability, durabil-
ity and ease of maintenance in the choice of mate-
rials used in the restoration, and the maximum 

Figure 6. Cross sections (Morros).

Figure 7. A restored shaft (Morros).
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4 CONCLUSIONS

This paper shows the possibilities of obtaining 
information from a systemic study of a vernacular 
dry stone eighteenth century construction. The his-
torical, constructive and structural data obtained 
can facilitate the comprehension of other similar 
cases, and have a decisive influence on the criteria 
adopted for the restoration.

To sum up, restoration work has been carried 
out in order to counteract the effects of the most 
serious damage, in a respectful manner that is com-
patible with the contractive and documentary val-
ues of the channel, articulating the help needed to 
gain in depth knowledge of its characteristics. This 
will make it easier to understand it as fully as pos-
sible and to conserve it better from now on.
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Figure 8. Landscaping the surroundings of a restored 
shaft (Morros).

possible reversibility in the new elements incorpo-
rated were also adopted.

Consistent with these criteria, the restoration 
work has focused on areas where major damage 
was apparent. This included the repair of a section 
where the thrust of a tree•s roots had caused a local 
collapse of the channel, and a section covered with 
stone slabs that presented serious deformations on 
the wall faces. (Fig. 7).

In the local repairs, the same dry stone tech-
nique was used, in order to achieve the greatest 
compatibility with existing elements, based on cur-
rent knowledge.

The repairs of the dry stone elements would have 
not been possible without the advice and expertise 
of technician Sebastià Argelaguer, a master stone-
mason familiar with the dry stone technique, who 
lives in a nearby village.

Work has also included minimal improvements 
in the surroundings and the landscaping of the 
place with the addition of protective safety meas-
ures around the shafts and the external entrances 
to the gallery.
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Urban and architectural features of traditional built environment 
of Farasan Islands, Saudi Arabia
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ABSTRACT: The various regions of Saudi Arabia consist of sites of urban and architectural herit-
age that reflect the characters of each region. One of these regions is Jazan, southwest of Saudi Arabia, 
where traditional built environment architecturally varies between mountainous and costal styles. The 
traditional architecture of Farasan Islands, which is part of Jazan and on the Red Sea, is distinct from 
that of the rest of the region due to its aesthetical richness and diversity. This study documents sites of 
traditional built environment of Farasan Islands and identifies its vocabularies through two levels: urban 
and architectural. The urban level discusses both Sayr Village and al-Qassar Village while the architectural 
analysis covers several buildings such as al-Rifai houses, al-Najdi house and mosque, al-Jarman house and 
an Ottoman castle. In documenting these sites and buildings, the research aims to draw public agencies• 
attention to the importance of preservation and rehabilitation of the urban and architectural heritage of 
the Farasan and employ it within the current urban fabric of the Islands.

partially restored during the past years. Accord-
ingly, the examples that have been documented by 
the research team are Sayr and al-Qassar villages, 
al-Rifai houses, al-Najdi house and mosque, Beit 
al-Jarman or the German house, and Qal•at al-At-
rak or the Ottoman castle.

2.1 Urban scale

Though the traditional built environment of Far-
asan Islands has mostly been replaced with a 
modern urban layout, the remains of some of old 

1 INTRODUCTION

Jazan is one of the thirteen regions of Saudi Ara-
bia and located south of the country on the Red 
Sea. It has Jazan Seaport, which is considered the 
third largest seaport of Saudi Arabia (Fig. 1). It 
is also characterized by its natural and climatic 
variation.

Being part of Jazan Region, Farasan Islands 
have a long history dated back to ancient convoys 
that dealt with trading. As a result, Farasan Island, 
the largest of the Islands, has been an attractive 
spot for the settling of many travelers and traders 
who developed the Island in terms of construction 
and trading facilities. Since the Island has experi-
enced travelers and traders from various parts of 
the world, the resulted architecture was unique 
from that of the other parts of Jazan Region. 
Therefore, architectural elements from India and 
North Africa are very common in traditional 
architecture of Farasan. In the following parts of 
this research, the documentation of architectural 
and urban heritage is discussed.

2 DOCUMENTING HERITAGE BUILDINGS 
AND SITES OF FARASAN ISLANDS

The data this study includes is a result of an exten-
sive filed survey of Farasan Islands carried out for 
a week in April 2012. The survey covered urban 
and architectural sites some of which have been 
renovated or completely modified while other have 

Figure 1. Geographic location of Farasan Islands in the 
south west of Saudi Arabia (Ministry of Municipal, 2010).
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buildings, especially in the villages of Sayr and al-
Qassar, give a general outlook of the features of 
this environment.

2.1.1 Sayr Village
This village is the second urban and populated settle-
ment after Farasan, which is the largest urban area 
of the Islands. It is located northwest of the Islands 
and lies about 35 kilometers from Farasan Village. 
It features an old Muslim cemetery that is located 
in the south of the village. In this cemetery, which is 
known as Alawies (or Alawites) Cemetery, pottery 
items can be found. They are dated back to middle 
Islamic times, around the 10th Century AD (Minis-
try of Education, 2003). Although most of the archi-
tectural heritage of Sayr is demolished or partially 
replaced by new residential buildings, the remains, 
which are very limited, could give some insight about 
the traditional architectural features of the village as 
well as the entire Farasan Islands (Fig. 2). Exploring 
the remains of the old part of the village, it can be 
easily noticed that climatic and socio-cultural aspects 
have determined the physical configuration and com-
position of the urban fabric of the village. The one 
can noticed the presence of a compact urban form 
punctuated by winding narrow streets and pathways 
onto which houses are open. And there are several 
points or major open spaces made up of squares or 
intersections of roads and allies. The village houses 
are built with irregular sea stones and character-
ized by their elaborate geometric patterns formed by 
the plaster layer on these stones. Stone arches and 
wooden beams on the top of the doors and windows, 
working as frames, also characterize the old houses 
of Sayr. Inside the houses, alcoves within the walls 
divided by shelves can be noticed.

2.1.2 Al-Qassar Village
Al-Qassar is an old deserted village located on Far-
asan Island, and according to many historians, its 

historic and heritage significance is dated back to 
the Roman era. Indeed, some stones with Ham-
yarite Monotheism and ancient Latin calligraphic 
inscriptions have been found in the village. The vil-
lage currently consists of around 400 houses built 
of stone and leaves of palm trees. Both materials 
are available in the environment of the village. 
The stones are sedimentary and mixed with snails, 
oysters and mud that harden over time to become 
solid rocks. Al-Qassar is about 5 KM from the City 
of Farasan, and the largest oasis of the Island. It 
is the summer resort of the inhabitants of Farasan 
Islands and features many wells and sweet ground-
water that is close to earth•s surface.

Regarding the urban composition of the village, 
houses are distributed in the form of points scat-
tered over the entire village. A wall of two meter 
high surrounds each house. These walls or fences 
shape the urban fabric or street network of the vil-
lage. A typical house of al-Qassar Village consists 
of one or two rooms, an outdoor patio and a fence 
(Fig. 3).

The village has experienced restoration of all of 
its urban and architectural elements as an attempt 
to rehabilitate it. Natural materials have been used 
in the maintenance work though some stones used 
in the reconstruction of a few houses have been 
brought from outside the Island. Also, some land-
scape furniture made of concrete have taken place, 
affecting the historic value, identity, and authentic-
ity of the village.

2.2 Architectural scale: The Farasani House

A typical Farasani house is considered one of the 
finest heritage features of Farasan Island. It con-
sists of several stone buildings and various open 
spaces or yards, the most important of which are 
the northern yard (al-Gobal) and the western yard 

Figure 2. Remains of Sayr Village (Authors). Figure 3. Al-Qassar Village (Authors).
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(al-Igab). This group of buildings are surrounded by 
a stonewall for protection and privacy of residents. 
The reason for the presence of two or more yards 
in the house is mainly climatic as the desirable wind 
blows from north and west while the southern wind 
becomes strong in winter. This wind direction trend 
has led to orienting the openings or windows of the 
guests• room (majlis) toward the north from where 
the desirable wind blows in summer. The western 
windows are usually open toward the second yard. 
These open spaces are used for daily living activi-
ties in addition to sleeping during summer nights. 
The most significant characteristic of the Farasani 
house is the majlis or guests• room as it features 
extensive gypsum geometric decoration and fres-
coes implemented in the form of friezes, strips 
and arched frames around the windows which are 
recessed and covered with a layer of stucco inte-
grated with stained colored glass. Colored geomet-
ric ornaments are also engraved in the ceiling of the 
majlis, which is constructed from wood.

2.2.1 Ahmed Munawar al-Rifai•s House
This house is located in the center of Farasan 
Island and was built around 1922 by the famous 
pearl merchant of the time, Munawar Ahmad al-
Rifai. It is a true masterpiece of art in the area 
where traditional architecture reflects the wealth 
and luxury of the boom days of pearl trade in Far-
asan. It is built of stone, overlooks the road from 
the eastern side, and is surrounded by buildings in 
the north and west sides. Its majlis is surrounded 
by open spaces on the north, onto which the sev-
eral buildings are open. The western windows and 
door of the majlis are open toward another yard. 
On the eastern and southern sides, the majlis is sur-
rounded by corridors, where a bath shower build-
ing is built. The shower building is topped by a 
dome that is used to store water on the northeast 
side of the house. Figure 4 shows the floor plan of 
the components of the house. The plan is drawn by 
the research team according to a description given 
by the local historian Ibrahim Moftah, site survey 
of the external boundaries of the houses, and pho-
tographs also taken by the team.

The house is accessed through a gate that is 
open toward an alley facing the southern side that 
intersects with the western yard. Along the alley, 
there are 3 shops next to each other attached to the 
house•s fence on the western side. Other houses are 
also open to that alley. It is noticeable that there 
are three arches on the path of the alley that dif-
fer in their shape and decoration detail, but the 
richest and most architecturally affluent is the 
first arch that separates the alley from the eastern 
street and is closely linked to Ahmed Munawar al-
Rifai•s house. This arch features decorative stucco 
elements and topped with a crown of plaster panel 

punctuated by stained glass. The most important 
element of the house, which is one of the finest 
traditional buildings in Farasan Island in terms of 
design and the beauty of engravings, is its majlis. 
The external walls of the majlis are covered with 
decorated plaster geometric patterns carried out 
in the form of ledges and bars. And on the win-
dows and the decorative recessed arches and strips, 
there is a higher interface board from the outside 
and top of the door bar written verses from the 
Quran. The interior of the majlis is full of frescoes 
that cover the four walls in which there are shelves 
characterized by the richness of their geometri-
cally decorated frames. In the middle of the wall 
and above the entrance windows there is a belt in 
the form of plaster frieze with prominent Arabic 
writings.

On top of the main door of the house, from the 
inside, there is a curved inscription of the date of 
the construction of the house. And in the middle 
of this arch, there are writings of the word •AllahŽ 
or •GodŽ surrounded by stained glass. We find that 
the upper small windows at the top of the writing 
cornice are made of stained glass integrated with 
gypsum ribs. As far as the ceiling, it is a Java or 
Indonesian wood painted with colored geometric 
carvings. With the exception of stained glass and 
wood of the ceiling, all materials used in the con-
struction of the house are local. It should be noted 
here that the method of stucco or gypsum painting 
and engraving are also local but similar techniques 
could be found in India, Morocco and Yemen 
(Ministry of Municipal, 2010).

2.2.2 Hussein Bin Yahiya al-Rifai•s House
This house is located in the center of the Island and 
northeast to Ahmed Munawar al-Rifai•s House 
but separated from it by an open space or square 
that faces a major road that runs south-north. It 
is built of stone in the form of courses. Its historic 
and architectural or artistic value is represented in 

Figure 4. Floor plan of Ahmed M. al-Rifai•s House 
(S: shop, M: Majlis , A: alley, N: northern courtyard/ 
al-Gobal, and W: western courtyard/al-Igab) (Authors).
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its main gate, which is rich in decoration adorned 
with frescoes cavernous entrance arc-shaped and 
topped with geometric patterns of decorative 
stones coated with stucco. The house consists of 
a majlis and other indoor spaces such as a shower, 
a bathroom, a storage, and a cooling room. This 
is in addition to open spaces or courtyards and 
open-to-sky corridors. A wall that includes multi-
ple projection and features geometric decorations 
also surrounds the house. The house also has an 
open space in the northern side where a room and 
ruins of another room can be found.

The shape of the majlis is rectangular (8.25 
m × 4.35 m) and accessed through the main gate, 
which leads to a small corridor up to the main yard 
(the northern yard of al-Gobal). The corridor is 
also rectangular and raises about one step from the 
part that faces the majlis. Its length is around 4.5 m. 
On the eastern and southern sides there is an open 
corridor connected with other yards and leads to 
the shower room from one side and to a toilet from 
the other side attached to the majlis. The western 
side of the majlis has a door that leads to an open 
space (al-Iqab), and on right side there is a small 
storage while on the left side there is a small room 
and a place for cooling water (Fig. 5).

In the middle of the northern façade of the 
majlis of this house, there is a door sided by two 
windows overlooking the northern courtyard 
(al-Gobal). Moreover, on both sides of the door 
and the top of the windows there are geometric 
recessed patterns in the form of gypsum strips and 

frieze. There are also wooden beams with strips 
into which Arabic scripts are engraved. The majlis 
itself  is filled with stucco geometric decorations, 
especially in the upper half  of it. And in the lower 
part of the wall decorations in the form of section 
recessed shelves surrounded by decorative ribbons 
and topped with an arcade are found. The roof of 
the majlis is constructed from layers of palm tree 
leaves and imported wood.

2.2.3 Al-Najdi House
Al-Najdi House or Palace is located in the center 
of Farasan Island, west of Rifais• houses that are 
discussed above. It is also south-east of the Mosque 
of Abraham al-Najdi. The house is built of regu-
lar-shaped stone courses. Its architectural value is 
represented in its majlis, which is full of geometric 
decoration and stucco ornaments. The majlis is rec-
tangular in shape and surrounded by an arcade on 
three sides. In addition, the house contains a shower 
room, a separate room for living, a service room, a 
storage, courtyards and open-to-sky corridors or 
hallways. From outside, a 3-meter high wall built of 
rough stones and covered with plaster surrounds the 
house. On that wall, there are various simple geo-
metric decoration elements. The majlis is accessible 
through the main gate that faces the street. This 
gate also leads to the western courtyard (al-Igab), 
which has a door that is open to the main courtyard 
(northern courtyard or al-Gobal) that is located on 
the northwest corner of the house (Fig. 6).

The majlis, which is 6 meter high, is accessed 
through three doors that are linked to the arcade 
that surrounds the majlis from the north, west and 
south sides. The level of the arcade is higher than 
that of the courtyard. In fact, the northern part of 
the arcade appears as a terrace opens upon a small 
room for the service. The interior walls of the maj-
lis are filled with small engraved simple geometric 
shapes on the top of recessed shelves. The ceiling 

Figure 5. Gypsum decoration of the internal walls of 
Hussein Y. al-Rifai•s House (Authors).

Figure 6. Floor plan of al-Najdi House (E: entrance, 
S: service, M: Majlis , C: corridor, N: northern courtyard/
al-Gobal, W: western courtyard/al-Igab, T: terrace, R: 
room, St.: storage, and Sh.: shower) (Authors).
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of both the arcade and the majlis is wooden panels 
and leaves of palm trees.

The arcade surrounding the majlis is built of 
stone with circular and square columns topped 
with a crown box graded scale based upon deco-
rated curved arches. On the top of the arches, there 
are two projected stone bands with simple geomet-
ric shapes. The upper end of the arcade is a parapet 
that is formed by square or rectangular divisions. 
The external wall of the arcade that overlooks the 
corridors and the courtyards is formed by a group 
of walls and columns that are separated by slots of 
five arch openings.

2.2.4 Al-Najdi Mosque
This is one of many old mosques of Farasan 
Island. It was constructed by the pearl merchant 
Ibrahim al-Najdi al-Tamimi in 1929 AD. The con-
struction took 13 years (Ministry of Higher Educa-
tion, 2003). The mosque is located in the center of 
Island, in the heart of an urban cluster surrounded 
by houses on all sides and separated by roads and 
squares. It is rectangular in plan with a length of 
29 m and a width of 19.40 m, and consists of a 
prayer hall attached to another prayer hall in the 
back. There is also a courtyard, an ablution space, 
toilets, storage and a well on the right side of the 
eastern entrance of the courtyard. It also includes 
an additional building south of the prayer hall and 
is used for special events or as a women•s praying 
area. In the southeastern corner of the mosque 
there are a minaret and two rooms.

The prayer hall is accessed through two entrances 
in the sides of the southern wall that overlooks the 
courtyard. Six columns center this hall. Each of the 
3 front columns has a circular diameter of about 
70 cm with octagonal edges. As for the 3 rare col-
umns, one of them is octagonal and the other two 
are circular and square (110 cm). The height of each 
column, just below the arch, is around 2 meters with 
a gradual projection. The four walls of the prayer 
hall are decorated with plaster-recessed ribs opposite 
each similar decoration, and rise above the columns 
and arches opposite direction perpendicular to the 
wall bearing 12 dome ceiling. The wall that faces 
Qibla or Mecca has 4 windows; each topped with 
geometric gypsum decorative arches. Every doors to 
the hall consists of wooden panel with glass elements 
of 4 colors. A wooden Mehrab, where the prayer 
leader or Imam stands and a Member, which is used 
for Friday prayer speech, are brought from India 
and full of colorful decoration ornaments (Fig. 7).

The back of the prayer hall is raised from the 
rest of the space and separated by a wooden screen 
that is topped with a band of gypsum decoration 
of 2.25 m high. This rare prayer area has its own 
mehrab or alcove. Its openings in the internal walls 
have the same shape and elements that exist in the 

large or front hall. To illustrate, there are 6 windows 
in the southern wall, 4 of them are small. And in 
each side there is a larger window while there are 
3 windows in the western wall. The eastern wall has 
2 windows and a door. All openings are covered 
with geometric gypsum decorations. The prayer 
hall has two entrances that lead to the courtyard. 
Both are topped with gypsum decorations form-
ing a half-circular arch carried on two gypsum col-
umns. Indeed, the most important feature of this 
mosque is the Islamic inscriptions and decorations. 
The two entrances are located in the southern wall 
and lead to the courtyard. Above each entrance 
there is plaster decoration in the form of a semi-
circle that falls below two plaster pillars that divide 
the arch into three sections. Each section is a set 
of squares divided in turn into four squares; each 
contains a square of colorful stained glass.

The courtyard wall is 2 meter high. It is divided 
into 2 sections, both built of stone and with a 
thickness of 65 cm and a height of 120 cm. Later, 
another layer of mud bricks with a height of 80 cm 
was added to the wall, which has recently been 
covered with cement painted with white color. 
The outside of the corners of the prayer hall has 
been reinforced with projected beams. Also from 
outside, the mehrab is extended in the middle of 
the wall that faces Mecca. These corners and the 
middle of prayer hall feature projected decorative 
windows that look like balconies.

Figure 7. The interior of al-Najdi Mosque (Authors).
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2.2.5 The Jarman House
In the Island of Qumah, southwest of Farasan 
Island, and approximately 6 km on the coast, there is 
a building known as Beit al-Jarman (or the German 
House or Castel). The construction of this house 
started in 1901 to be used as a storage of coal that 
was utilized to fuel the German ships roaming the 
Red Sea (Ministry of Education, 2003). The build-
ing is rectangular; 107 m long (50 m along the coast), 
32 m wide, and 4 m high. It has four entrances; three 
of them are in the northern side opposite the coast. 
The fourth entrance is in the center of the eastern 
wall with a width of about 8 meters. Inside the build-
ing, there are two rows of columns; in each row there 
are 20 columns of a square shape align with the pil-
lars of the top wall components. The construction 
of the building was not completed, maybe due to the 
end of the First World War in 1918. Nonetheless, 
the building is constructed from stone courses with 
the mortar in between. Most of the columns of this 
building are eroded and collapsed because of the salt 
of the sea. Yet, the building still appears complete 
from the outside except the eastern entrance, which 
vanished with time (Fig. 8).

2.2.6 Qal•at al-Atrak (Turkish or Ottoman 
Castle)

This castle is located about 400 meters north of 
the center of Farasan Island, on a hill of 10 meters 
above the sea level. This is a strategic location as 
it overlooks most of the coasts of the Island. The 
castle is dated back to the Turkish or Ottoman era 
and was used as a military base for the Turks. It 
was built in the early 20th Century and consists 
of a rectangular building along the southern side 
of the fence (Ministry of Education, 2003). The 
southern wall of the Castle is 17.70 m while the 
eastern is 12.85 m. Its main entrance overlooks 
Farasan Island. The castle inside the fence contains 
two small rooms perhaps were used as warehouses. 

The ceiling of the first room that is attached to the 
fence and noticeably built of •domŽ wood that is 
not available in the Island. The height of the room 
does not exceed 2 meters, taking the shape of a high 
bench. And to the left of the entrance there is an 
exposed water tank whose internal walls are cov-
ered with cement. There is also a room in the form 
of a tower in the northwest corner of the castle. 
A bench of 5.6 m long and 2.10 m wide faces the 
fence•s entrance. In the eastern side of the castle, 
there is a stairway leading to a high room assigned 
as a residence for the soldiers. It can accommodate 
up to 30 persons. It is noted that all the exterior 
walls of the castle and the fence openings oblique 
as they were used to control and defend the build-
ing. They are built in a way that offers those inside 
a clear vision for those outside as these holes widen 
inside and narrowing outside. The walls of the cas-
tle, including the fence are built of coral or sea 
stone that is plastered with gypsum both inside and 
outside (Figs. 9, 10). The thickness of the wall is 
around 65 cm. The roof of the castle is constructed 
in the form of beams of railway tracks covered by 
leaves of palm trees.

Figure 8. Plan and external and internal views of al-
Jarman house (Authors).

Figure 9. Floor plan of the Ottoman Castle (Y: yard, 
St: storage, B: bench, W: water storage, R: room, and S: 
soldiers• residence) (Authors).

Figure 10. Internal and external views of the Castle 
(Authors).
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3 SUMMARY AND CONCLUSIONS

The distinct urban fabric and architectural styles 
of Farasan Islands reflect a special beauty and 
accuracy of creativity. This study has documented 
various sites of the urban and architectural herit-
age of Farasan Islands and identified its vocabu-
laries. In turn, the study indicates the importance 
of preservation and rehabilitation of this heritage 
within the current urban environment of Farasan 
Islands. Accordingly, the most important recom-
mendations to maintain the traditional built envi-
ronment of Farasan are as follows:

… Implementation of a policy of preservation of 
urban and architectural heritage of Farasan 
Islands alongside the development of the social 
and economic conditions of the population as a 
way for the success of urban improvement.

… Relying on a policy of utilization of historic sites 
and buildings in the process of reviving the urban 
and architectural heritage of Farasan Islands. 
The policy of re-use of historic or traditional 
buildings is considered one of the successful 
means of preservation, as it is not costly compar-

ing with the construction of new buildings. This 
reuse will provide a financial base to spend on 
the bundlings• maintenance and survival.

… Setting up periodical maintenance programs to 
limit or prevent the physical deterioration of 
the buildings. Such programs will prolong the 
lifespan of the buildings.

… Encouraging construction of hotels and resorts 
of various types will provide opportunities for 
tourists to visit Farasan Islands and enhance the 
local economy. This in turns will support any 
urban or architectural preservation activities.
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The impact of updates the Nubian architecture on internal ventilation
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ABSTRACT: This paper presents the architectural configuration effect on the indoor ventilation of the 
Nubian house; the main objective of this research is to identify the consequences of the updated architec-
tural configurations of the Nubian architecture and the impacts on the indoor natural ventilation. This 
study is based on field measurements of the microclimate, simulation results, and comparing ventilation 
between both the traditional model and the new model. The CFD program was used to simulate the dif-
ferent geometries of the architectural configuration of the house without air-conditioning, for one warm 
hour in the hottest month in the year 2013.The comparison results of the study models showed that these 
architectural configurations of traditional houses work on the flow of air to the internal spaces of these 
buildings, and also the impact of updating the architectural configurations of those buildings led to a 
reduction in the ventilation performance of the building.

the walls in traditional houses was about 40…80 cm, 
in the other side bricks and clay were used in domes 
and other flat roofs. This type of traditional houses 
was built without the help of any contractors, engi-
neers or architects. The Nubians depended on their 
own resources to build their traditional houses. 
Traditionally, the typical Nubian house is spacious, 
with several large rooms able to accommodate the 
extended family members and guests,so the tradi-
tional houses contains 3…5 rooms with dimension 
about 5 × 3.5m.In addition, traditional houses con-
tained other spaces as a courtyard located in the 
center of each house, Most of the rooms opened 
directly to the courtyard, these rooms depended 
on the interior courtyard as a traditional method 
to achieve nature ventilation, also Nubian houses 
depended on high windows: very small with dimen-
sion about 30 × 70 cm. These windows were located 
on level 4m, so they are considered very small com-
pared to the average windows which dimensions 
1 × 1.2m, Nubians have built their houses by using 
domes as a roof of these houses, the height of these 
roofs was about 5m they have depended on the hor-
izontal concept in their building, so all the buildings 
consist of one or two floors only. In addition, the 
colorful design is a distinctive and admired feature 
of Nubian culture, where most of the front of the 
house is colorfully painted with geometric patterns. 
Most of the paintings and decorations on the walls 
demonstrated religious celebrations (Fig. 3).

In the other side; the new houses in Karkar are 
very different. On comparing them to the tradi-
tional ones in Gharb Sohail, at first sight it is clear 
that the new houses in Karkar used new materials 
such as concrete, red brick and stones.

1 INTRODUCTION

This part presents the historical Nubian houses, 
and the description of two cases in both Gharb 
Sohail and Karkar.

1.1 Historical of the old Nubian villages

Nubian houses were built beside Naser Lake before 
1963; they were built without a plan so these build-
ings were very compact (Fig. 1). They are consid-
ered one of the most important types of buildings.

After construction of the high dam many Nubian 
people were removed from their own villages on Naser 
lake to other villages in Nasr El Noba which is located 
in the north of Aswan city, and to Gharb Sohail vil-
lage which is located beside Aswan dam (Fig. 2).

Since then, Nubians people dreamt with the 
Day of the Return to their old traditional houses 
on Naser Lake, the government has developed 
and currently implementing a Strategic plan to 
achieve the Nubian dreams. The government has 
built several villages in Karkar valley beside Naser 
Lake in 2010 before 25 Jan revolution. This project 
contains many new houses which are very different 
from the traditional ones in Gharb Sohail (Fig. 4).

This paper aims to compare between the two dif-
ferent models in these two areas •Karkar and Gharb 
Sohail villagesŽ and to extract the results which sup-
port the traditional model in Gharb Sohail.

1.2 Traditional houses of Nubian people

Nubian houses were built by using local material 
as adobes and stones, these stones were the main 
material which was used in walls, so the thickness of 
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Another difference; that the new houses in 
Karkar were built by government by using red brick 
and stones with wall thickness 25…40 cm, in other 
notes were indicated such as the number of rooms 
about 2…3 rooms in each new house with dimension 
about 4 × 3m and with height about 3m only, also it 
is indicated that all windows with dimension about 
1*1.2m, the new house contains a large courtyard 
with dimension about 7 × 16m. So, it considered 
larger than the traditional ones in Gharb Sohail 
which contains a small courtyard with a dimension 
about 8 × 7m, in new houses all rooms opened on the 
courtyard to enhance the ventilation (Fig. 4,7,8).

2 FIELD MEASUREMENT, SIMULATION 
METHOD

2.1 Boundary data

Aswan•s weather data was collected from the 
weather station of Aswan University, this station 

is responsible for measuring of air temperature, 
relative humidity, wind speed and direction see 
Fig. 5, and so the next table shows the description 
of measurement sensors of this weather station.

Two of the weather stations are used for two sites 
•Gharb Sohail and KarkarŽ, and the specifications 
are listed in Table 1. The field measurements were 
conducted in August 2013 •the hottest month in the 
yearŽ. Measurements data collected on sunny days 
were used for analysis. We measured air temperature, 
relative humidity, wind speed and solar radiation in 
the outdoor of the two sites. These measurements 
were done at the two locations at a height 1.2 m 
above the ground near the two models.

Field measurements were carried out every 
5 minutes by 8928 measures during the month 
of August and selected wind speed at the highest 
value recorded temperature during the month see 
Table 2.

Figure 2. The View of the Gharb Sohail village and Karkar village in Aswan at (24° 11• N, 32° 51• E) (H.S. Mostafa).

Figure 4. House in the Karkar village in Aswan (H.S. 
Mostafa).

Figure 3. House in the Gharb Sohail village in Aswan 
(H.S. Mostafa).

Figure 1. The location of the Gharb Sohail village and Karkar village in Aswan at (24° 11• N, 32° 51• E) (Google maps).
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2.2 Simulation method

The coupled simulation consists of the following:
Outdoor Ventilation simulation, air Transition 

from outside to inside the model and again to the 
outside with wind direction. Where it appears steps 
of the process of simulation in Fig. 6 (A). Which 
consists of consecutive steps: The first step, the 
3D-CAD models are created by 3D AutoCAD 
program in the same way as in a general architec-
tural design.

The second step is to perform a CFD simula-
tion under a steady„state and constant„wind 
speed measured by the weather station. The CFD 
simulation, airflow or wind speed data around the 
external surfaces are used as boundary conditions 
to perform the outdoor Ventilation simulation 
see Fig. 6 (B). Therefore, The CFD simulation is 
performed under the condition that all windows 
are closed Except for the small upper windows in 
the traditional model and the windows directed to 
the interior courtyard in the new model, which is 
already always open in the summer.

3 DESCRIPTION OF THE MODELS

There are many reasons for choosing the traditional 
model such as the survey which was done by the 
researchers and the results which were obtained that 
the traditional model was arrayed in Gharb Sohail 
since 100 year ago, This first model consisted of inte-
rior courtyard, four rooms, reception, entry room, 
kitchen, bathroom and foyer room as it shown in 
Fig. 7. This model had three facades •north, south 
and east façadesŽ. All rooms were opened on the 
interior courtyard except the reception; three rooms 
had a window on the street such a reception, foyer 
room and the bedroom, every room had four win-
dows two of them on the north façade with dimen-
sion 0.30 × 0.70m, the other windows opened on the 

interior courtyard with the same dimension (Fig. 9). 
In the other side there were no models in Karkar vil-
lage except the chosen model. So we have made our 
studies about this mode. This model consisted of the 
interior courtyard, lobby, two rooms, bathroom and 
a kitchen, the house has two facades north façade 
and west façade" all rooms opened on the interior 
courtyard except the reception.

So this model is very similar to the first one, but 
there are some different points; as the used mate-
rial, dimension of the rooms, dimension of interior 
courtyard and direction of the rooms (Fig. 8).

The first model •traditional modelŽ consisted 
of interior courtyard, reception, 4 rooms, foyer, 
kitchen and bathroom, the thickness of its walls 
about 0.50 m. The windows of this model are very 
small •0.30 × 0.70m", the level of these windows is 
3.40m also these windows opened on the street and 
the interior courtyard (Fig. 7, 9).

The second model •new modelŽ consists of inte-
rior courtyard, reception, lobby, 2 rooms, kitchen 

Table 1. Description of Measurement Sensors.

Measurement point Sense of limits Accuracy

Air temperature Š40°C to +59.9°C 0.1°C
Relative humidity 1% to 99% 1%
Wind velocity 0 to 50 m/s 0.1 m/s
Wind direction 5%

Table 2. The data of Weather station (wind speed and 
direction).

Measurement Gharb Sohail Karkar

Air speed 3.9 m/s 4 m/s
Air direction 314.5Ø 303.5Ø

Figure 5. The weather station system.

Figure 6. (A): Process Flowchart of the Proposed Simu-
lation. (B): CFD Simulation Model (Top: the traditional 
model, Bottom: the new model) (H.S. Mostafa).
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Figure 7. Plan of House in the village Gharb Sohail. 
(H.S. Mostafa).

Figure 9. left: 3D model, right: Section Y…Y•, of the first model (H.S. Mostafa).

Figure 8. Plan of House in the village Karkar. (H.S. 
Mostafa).

Figure 10. left: 3D model, right: Section X…X•, of the first model (H.S. Mostafa).

4 ANALYZING THE RESULTS

Simulation process was made for the two models; 
the results were as shown below in Fig. 11…16, 
all results were at level 1.2 m. The results were at 
13:00 clock •the hottest hour in the dayŽ. The 
outdoor wind speed value is 3.9 m/s for the tradi-
tional model and 4m/s in the new model, the results 
indicated that air flow in the traditional model was 
from the windows which opened on the street to 
the windows which opened on the interior court-
yard by passing the air to inside the northern room 
see Figs. 11 & 13. The wind speed in the high levels 
of the room was about 2.3 m/s and the air move-
ment in this room was in circular movement with 
high speed from the top levels to the bottom levels 
and from the bottom levels to the top levels as it 
shown in Fig. 15 (A, B) & Fig. 16 (A, B). On the 
horizontal level the wind speed was in a high value 
in the center b1, it began with a small value about 
0.25 m/s at the entrance of the air then increased 
to 1.60 m/s at the windows which opened on the 
interior courtyard, the air speed beside the walls of 
the room was about 0.2 m/s in the beginning of the 
room and increased to 0.6 m/s then decreased to 
0.0m/s in the last part in the room see Fig. 15 (A) 
& Fig. 16 (A).

On the other side the air flow was very different 
in the second model, because the air flow was from 
the windows opened on the interior courtyard to 
the door of this room, after that the air returns 
back to the interior courtyard again as it shown 
in Fig. 12 & Fig. 15(C). Thus, the air movement 
was only in the middle level of the room between 
the window and the door with speed value 1.6m/s 
then decreased to 0.2m/s not in circulation move-
ment as the first model as it shown in Fig. 15 (D) 

and the second model •new modelŽ consists of inte-
rior courtyard, reception, lobby, 2 rooms, kitchen 
and bathroom, the thickness of its walls about 0.30 
m, the model has many windows at level 1.00 m, all 
these windows about 1.20 × 1.00 m, also all win-
dows opened on the street and interior courtyard 
(Fig. 8, 10).
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& Fig. 16 (D). It can be indicated that the value 
of air speed in the top and bottom of the room is 
between 0 to 0.4 m/s Fig. 16 (D), on the horizontal 
level at height 1.2 m we can see that air distribution 
was very clear and the air speed value was between 
0 to 1.1m/s, it began with a large value about 
1.1m/s at the entrance of the air (the window on 

the interior courtyard) then decreased to 0.1m/s at 
the door which opened on the lobby then to the 
interior courtyard, the air speed beside the walls 
of the room was about 0.8m/s in the beginning of 
the room and decreased to 0.0 m/s then decreased 
to 0.0m/s in the last part in the room see Figs. 15 
(C) & 16(C).

Figure 11. Simulation Results of velocity distribution 
at 1.2 m height to first model (H.S. Mostafa).

Figure 12. Simulation Results of velocity distribution 
at 1.2 m height to second model (H.S. Mostafa).

Figure 13. Velocity distribution at Section Y…Y•, first 
model. (H.S. Mostafa).

Figure 14. Velocity distribution at Section X…X•, sec-
ond model. (H.S. Mostafa).

Figure 15. Simulation Results of the velocity distribution (H.S. Mostafa).
(A): Showing the velocity distribution at 1.2 m of the room, first model.
(B): Showing the velocity distribution in the section of the room, first model.
(C): Showing the velocity distribution at 1.2 m of the room, second model.
(D): Showing the velocity distribution in the section of the room, second model.
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5 CONCLUSIONS

Analysis of the results shows that ventilation in the 
first model •traditional modelŽ is better than the sec-
ond model •new modelŽ because of many reasons:

Š The big thickness of the wall 0.50 m and small 
windows 0.30 × 0.70m in the first model helps in 
increasing the air speed in the room.

Š Using the small windows 30 × 70cm at height 
3.4m beside the dome as a roof of the room 
helps in increasing the air flow and circulation 
movement so the ventilation become better than 
the second model with large window 1.2 × 1.0 at 
level 1m with dome, so the air movement wasn't 
enough to make good ventilation.

Š Using the small windows at great height beside 
the dome as a roof is better than using these 
small windows beside flat roof because of the 
domes play an important role in air flow as a cir-
culation movement from the top to the bottom 
and the obverse.

Š The results showed that the air flow from the 
outdoor to the rooms is better than the air flow 

from interior courtyard to the rooms in ventila-
tion process.

Š Finally, preserving the Nubian architecture is 
very important issue; because it is considered as 
a part of our historical roots and it achieves an 
environmental job. So, there is a need to keep it 
and build our new houses as it.
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Figure 16. Simulation Results of air Speed (H.S. Mostafa).
(A): Showing the air speed on three axes (a1, b1, c1) at 1.2 m of the room, first model.
(B): Showing the air speed on three axes (d1, e1, f1) in the section of the room, first model.
(C): Showing the air speed on three axes (a2, b2, c2) at 1.2 m of the room, second model.
(D): Showing the air speed on three axes (d2, e2, f2) in the section of the room, second model.
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How to understand vernacular sustainability of earthen architecture 
only considering the inventory and technical knowledge?
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ABSTRACT: Our contribution raises the question of meaning (and interest) of inventory work and 
shows the essential contributions of knowledge and reconstitution of the rural society organization in 
which the vernacular architecture has been erected. How to understand this vernacular architecture, this 
•architecture without architectsŽ called •non-seriousŽ, without knowing the human context of its con-
struction and its evolution? Can we really speak about sustainability and learn the greatest number of 
lessons of sustainability, or at least the most important lessons, when we stick only to identify and to 
describe the technical aspects of the architecture? Our purpose is based on a research conducted in the 
Midi-Pyrenees region on a very singular kind of earthen architectures: a checkered architecture, consist-
ing in an alternation of adobes and pebbles.

each level in order to compose a grid. The pattern 
of •checkerboardŽ comes from the alternation of 
both materials in color (earth/pebbles) and texture 
(rounding/smooth).

Like any earthen construction, checkered build-
ings have a base of at least 0.30 meter above the outer 
ground, consisting of limestone and/or large pebble 
bound together with lime mortar and river sand.

Adobes are generally close to the volume of a dou-
ble cube (13…15 cm large, 14…18 cm wide, 30…35 cm 
long). They are made with earth sometimes mixed 
to plants in a greater or lesser proportion.

Adobes are bonded using an earth mortar with-
out any cement or lime (air or hydraulic type). 
Unlike adobe, mortar appears homogeneous in 
color and texture throughout the entire building, 
suggesting that the earth mortar has been prepared 
from beginning to end of construction in one place, 
generally picked up from the pond nearby.

2.2 Specifics of this checkered architecture

To create the checkerboard pattern, adobes are laid 
in headers and staggered. The length of adobes 
being 30 to 35 cm, the device permits clearance, in 
a wall of finite thickness of about 50 cm, a •cubeŽ 
of 15 cm wide between adobes, alternately in inner 
face and outer face. The cubic volume is filled with 
mortar to seal pebbles, taking care to have most of 
the surface covered by pebbles.

The consequence of this method of installa-
tion is the alignment of all vertical joints between 

1 INTRODUCTION

Among the wide variety of forms and methods of 
earthen constructions in the Midi-Pyrénées (cob, 
adobe and rammed-earth), the Magnoac area 
presents a very specific type of checkered walls 
composed by alternating adobes and pebbles. Very 
aesthetic, this vernacular architecture intrigue by 
its omnipresence in the countryside (farms, barns, 
outbuildings, manor houses, extensions...) and its 
very limited location (a few km�).

To try to better understand this constructive 
checkered fashion and the origins of its singularities, 
we carried out research that combines several disci-
plines (engineering, geology, social sciences, history...) 
and several trades (masons, researchers, anthropolo-
gist, engineers, architect...). Beyond simple knowl-
edge, our ambition lies in learning the lessons of old 
earthen buildings built many centuries ago in the 
seismic risk zone of the Pyrenean foothills.

2 CHARACTERIZATION OF THIS 
CHECKERED ARCHITECTURE

Checkerboard constructions present various design 
features that we have sought to describe and analyze.

2.1 Description of the construction technique

The checkerboard architecture of Magnoac looks 
like an adobe alternating pebble shifted sideways at 
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adobes. Thus there are adobe columns and the pat-
tern is returnable each 90° by 90°. Furthermore, 
usually, the spaces between rows of adobes are lit-
tle or not at all filled.

2.3 Technical aberrations

This checkerboard architecture reveals a different 
logic to that of construction principles commonly 
accepted or imposed in the world of building.

… The vertical joints are aligned and empty: the 
• coup de sabreŽ, one of the first banned princi-
ples in •masonry of small elementsŽ is systemat-
ically generalized in the checkered architecture.

… The lack of specific systems tensile strength: no 
device or timber internal metal construction is 
established. It is very likely that the floors and 
roof planes strongly contribute to the cohesion 
of the building, but nothing is included in the 
earthen masonry.

… The low resistance to compression of adobes: 
tested adobes have a bad resistance to compression 
(between 1 and 2 MPa) which lies within the usual 
range of compressive strengths of adobes, but in 
the lower range for the Midi-Pyrénées area.

… The absence of external coating: in these construc-
tions, as earthen elements are directly exposed to 
the weather. The inhabitants of this region are 
not surprised by this •aberrationŽ: they are even 
surprised to envisage it should be done!

… A slenderness greater than 15 value which the 
actual standard (NF EN-DTU 20.1) recom-
mends not to exceed to build walls with •small 
elementsŽ industrially manufactured and nor-
malized for the compressive strength!

… The absence of air or hydraulic binders: the only 
materials used (above the base) are earth and peb-
ble. The mortar is pure earth directly extracted 
from the nearby pond, without correction of size 
or chemistry (no addition of sand or others).

… Significant variations in the dimensions and 
components of adobes: there is no •standard 
moduleŽ or common dimension, so each adobe 
presents size which can vary from 1/10 to 1/15.

… A generally •inadequateŽ size: the earth of the 
adobes has particle characteristics largely beyond 
those recognized as •good rangeŽ for earthen con-
struction. The earth from Magnoac is very rich in 
very fine elements and very poor in coarse elements. 
Thus today, standards of the existing laboratories 
would consider it unsuitable for construction!

… The Atterberg limits are exceeded: this analysis 
of the association of earth with water would con-
clude this material •inappropriateŽ for building.

… A resistance in seismic risk 2 (moderate) or 3 
(average): despite the proximity of the Pyrénées 
mountains, no checkered façade has shown any 
symptoms due to earth tremors.

2.4 The technical advantages of the checkered 
constructive method

This unique construction method has some techni-
cal interests which may partly explain its diffusion 
in the Magnoac area.

Figure 2. Checkered pattern with adobe and pebble 
(I. Moulis).

Figure 3. Checkerboard pattern: adobe and pebble 
(I. Moulis).

Figure 1. Checkerboard wall in Magnoac (I. Moulis).

Vernacu_Book.indb   516Vernacu_Book.indb   516 7/31/2014   7:44:28 PM7/31/2014   7:44:28 PM



517

The alternation of adobes and pebbles slows 
erosion due to heavy rains: blown earth from 
adobes is retained by the non-planar surfaces of 
the pebbles. The comparison of the state of both 
wall sides: external (exposed) and inner (sheltered) 
permits to measure abrasion away by the rain. In 
addition, an alert is triggered when the pebbles are 
too much bared and fall down the wall. Moreover 
the alternation of earth and pebble can facilitate 
hanging on the walls of the coating, during its 
application.

3 THE CONDITIONS OF OCCURRENCE 
OF THIS VERNACULAR 
ARCHITECTURE

Even if  Magnoac architecture is very nice to see, its 
aesthetic interest is not the reason why it has been 
adopted because lots of checkered walls have been 
coated since their construction. Others uncoated 
are waiting to be protected, or better said covered. 
No author mentions this feature. This checkered 
construction is found on nearly every type of 
buildings, from large houses or big farms, barns or 
sheds, to common annexes, elevations of sheds or 
filling small windows...

It could therefore be a •modeŽ coming from 
somewhere (but from where?), conveyed or brought 
by someone (who?), likely a holder of this specific 
expertise...

Then it could be a •fashionŽ that has sparked a 
craze, a collective membership, which presupposes 
the confidence of inhabitants in this building tech-
nic and/or the proof of the soundness of buildings, 
erected despite •technical aberrationsŽ formed by 
the alignment of adobes, locally called •mottosŽ, 
and no mortar in the vertical jointsƒ

The reason for such a ubiquitous and almost 
unanimous adoption of this architecture lies else-
where. To better understand the conditions for the 
emergence and dissemination of this original con-
structive method, we searched the archives looking 
for an essay or a testimony, so far not yet found. 
We worked also on the oral memory in Magnoac, 
questioning former masons, old people, inhabit-
ants, local scholars... This ethnological approach 
has gradually increased the knowledge about 
the peasant society in which the architecture has 
emerged and has been adopted and diffused.

3.1 The value of collective solidarity work

In this rural area of Magnoac, as in the rest of the 
south of France, until the 1950•s, before the indus-
trial standardization and the supremacy of prefab-
ricated elements, the act of building was a collective 
or communitarian operation, like all other intense 

field works. In Magnoac, these moments of intense 
work (cereals or vineyard harvesting, threshing, 
maize defoliation...) are called locally •corvéesŽ, 
meaning chores. They consist in joining the work 
forces of different outbreaks: families and neigh-
bors help each other, each one at its turn...

3.2 The production of adobes in a non-market and 
solidarities economy

Making adobe structures is an operation that was 
done collectively, within a family by mobilizing all 
available labor, including children.

The mixing in of oat hulls (preferable to straw 
because of its shorter fibers) to the earth was 
achieved by trampling cows, usually guided by a 
child or a farm servant.

Each family has its •moldŽ of dimensions sub-
stantially equivalent to that of neighbors. Adobe 
are made when working in the fields allows a lit-
tle respite, usually after harvest, especially as the 
summer climate conditions provides better drying 
for bricks with direct sunlight, or in the open air 
under a shed.

Adobes are made in anticipation of future needs, 
in the preparation of a construction project. It is 
not rare that bricks are prepared in advance, then 
stored somewhere in a barn, just because the farm-
ers have a little time ahead... or to fill domestic off-
peak... It also allows, from time to time, to help out 
a neighbor who has not enough adobe to make his 
construction project. Thus the debtor can provide 
later the same number of adobes or, in some cases, 
compensate by giving his labor.

3.3 Site supply

The supply of construction materials was the 
responsibility of the farmer owner. Adobes were 
made in advance. The main raw materials of 
checkered constructions (earth, pebble, gravel, 
wood, stone...) were extracted from the very close 
environment by means of tools and skills already 
present in the agricultural unit.

The extractive source of these materials did not 
exceed 6…8 km, while the lime used for foundations 
or walls exposed to rain was to be purchased and 
brought from the railway station of Lannemezan 
or Tarbes, 30 to 50 km far away.

Checkered architecture has a specificity in the 
supply of construction materials, rarely seen in the 
buildings made just with adobe. Some checkered 
constructions show several batches of adobes, dif-
fering in the earth (variable color), in the propor-
tions of plant content and in shape.

Thus adobes needed for construction could 
come from various periods, different places (earth 
extraction) and/or different families.
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3.4 Learning the art of building and professional 
specialization

Our research has focused on the question of acqui-
sition and transfer of knowledge and know-how. 
For some masons, building was a particular trade. 
But mostly building activities were part of peasant 
working life. That is why they could be considered 
as peasant-builders.

It is interesting to note that each of the (former) 
masons we met willingly shared their pride •I have 
taught myselfŽ watching the workers at construc-
tion sites of Lannemezan or Tarbes, implement 
cement, prepare and concrete work. Consequently, 
they were deliberately secretive about what they had 
learned from their fathers or grandfathers, almost 
ashamed of having worked with the common mate-
rial that is the earth. They spoke spontaneously and 
they derived satisfaction from sharing some knowl-
edge... It seemed very rewarding for them to learn 
how to use a •modernŽ material such as cement, 
used indiscriminately on all sites of post-war recon-
struction. Thus earth seemed to them not to have 
sufficient •identityŽ or •prestigeŽ for a mason.

4 THE RELATION WITH OTHER 
EARTHEN ARCHITECTURES

The checkered architecture coexists with other 
types of earthen architecture, which demonstrates 
the mastery of skills in this area. Why or in which 
circumstances the checkerboard construction did 
require or has been chosen over another?

4.1 The control of various construction know-how

The combination of various construction methods 
in many buildings attests to the availability of tech-
nical skills in the area.

In Magnoac, earth is used filling timber archi-
tecture, very present in the cities till the late 18th 

century when it has been abandoned therefore the 
scarcity of timber, and its high cost. Although 
some buildings have a higher floor timbered located 
above checkered walls, it is impossible to say that 
the checkered technique was before because of the 
possibilities for dismantling and reassembly of the 
timber frame elements.

Highly represented in the region, cob is well con-
trolled for the construction of many houses, as well 
as very impressive farm buildings. Our study shows 
that checkerboard architecture appeared after the 
cob. In several sites, checkered walls have contrib-
uted to enlarge a small residential unit (farm) made 
in cob, consisting only in 1 or 2 rooms.

These both construction methods have rubbed 
shoulders and combined, particularly during the sec-
ond half of the 19th and the early 20th century. But 
cob seems affected to agricultural buildings (barns 
and stables) while houses and very close dependen-
cies are built with the checkered technique.

4.2 Regression of cob in favor of the checkered

Various hypotheses could partly explain the decline 
in the cob in favor of the checkerboard technique.

In both cases, these projects mobilized support 
among neighbors during periods of lower work of 
the field, on intense and grouped days for the mud, 
on most days apart for the manufacture of adobes.

If  we analyze, for each construction technique, 
as •life cycleŽ the human time invested •from cra-
dle to graveŽ, cob and checkerboard techniques 
are roughly equivalent in work time. The difference 
lies in the fact that the adobes can be made sev-
eral months or years before and slowly accumulate 
under cover until the site. It is an opportunistic 
prefabrication. Therefore constraints weigh less on 
the mobilization timetables for implementation. 
The implementation is also shortened by the prin-
ciple of prefabrication. On the other hand, consid-
ering the possibility for a slow accumulation and 
exchange between neighbors, friends and allies, it is 
also possible that adobes have acquired the status 
of a local currency.

4.3 The intervention of a skilled mason

Unlike adobe sites that were under the responsibility 
of the owner or a neighbor more experienced, check-
ered construction supposes to entrust the manage-
ment of the site to a familiar whom has ability for 
the sophisticated implementation of adobes and peb-
bles. So the professional specialization of a mason 
occurred naturally. Thus in the countryside, there are 
individualized families of masons in which happens 
the transmission of skills and know-how. However, 
like in carpentry, masons could be surrounded by 
apprentices, transferring skill to others...

Figure 4. Opening in a checkerboard wall (I. Moulis).
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5 RECOVERY OF PRACTICES AND 
TECHNICAL SKILLS

The availability of earth for adobes and pebbles 
and the benefits of combining the two materials 
against rain erosion are not sufficient to explain 
the choice of this checkered method, particu-
larly demanding in terms of organization (supply 
of adobes, pebbles and mortar), rigor in laying 
adobes, etc. The reconstitution of a checkered 
construction site helps to identify technical and 
organizational realities.

5.1 A large family labor work

Building a real checkered wall requires simultane-
ously at least 6 persons:

… the adobes bricklayer, in charge of ensuring the 
laying of the adobes staggered both horizontally 
and vertically. This is the mason who mastered 
the plumb line, meter, level;

… a laborer who supplies the layer in mortar and/
or prepares the mortar bed;

… another laborer who supplies the layer in 
adobes;

… a worker who fills the empty •cubesŽ with mor-
tar and inserts the pebbles;

… a maneuver who supplies him in mortar;
… a maneuver in charge of preparing mortar site.

It is likely that more people have been mobilized, 
the preparation of mortar needs a lot of energy, 
as well as the supply of workers on scaffolding or 
masons. In the past, labor was abundant in each 
family unit. Alongside, integration of children 
at construction sites, like in other collective farm 
works, involved them directly in learning and pre-
paring for their (optionally) future responsibilities. 
Thus many players on a construction site of all ages 
and all levels or skills promoted intergenerational 
transmission of knowledge within the community.

5.2 Precision in laying adobes

On the site, the task which requires the most skill 
and precision, i.e. the most qualified task, is laying 
adobes on a bed of mortar. It should in fact meet 
the vertical walls, the horizontality of the rows, 
and in general the locations and dimensions of the 
openings. The compatibility of the masonry works 
with other building trades also implies some expe-
rience of site organization from who is in charge 
of the building process conduction. Therefore the 
organization of the site is designed not to hinder 
the progression of the layer. The others have to 
perform their work without interfering.

5.3 The simultaneous laying adobes and rollers

The horizontal rows were placed fully before mov-
ing to the next row. The filling of •cubesŽ with peb-
bles and mortar is completed by laying the mortar 
for the next row. Thus, the space of these cubes is 
perfectly accessible from the front and above, the 
mortar is completely spread over all the necessary 
adhesion of the next row surface. No time is •lostŽ 
to fill mortar vertical joints in the remaining gaps 
between the adobes from previous row: then adhe-
sion between materials is even better.

5.4 A just sufficient quantity of horizontal mortar

We do not know how the lack of mortar in the 
vertical joints has been demonstrated as consistent 
with the sustainability of the checkered technique, 
but the time spent (one to two centuries since the 
construction) has demonstrated the accuracy of 
reasoning and practicing this lack. Thus the prin-
ciple of economy of material and, much more, of 
working time has guided the masons.

5.5 The interior checkerboard

Reconstituting site conditions today also helps to 
identify the reasons for the appearance of perfect sym-
metry of inner and outer faces of the checkered walls 
despite the requirement that such a ground required.

Figure 5. Checkerboard pattern: adobe and rollers 
(M. Jamin).

Figure 6. Checkerboard house farm in Magnoac 
(I. Moulis).
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The specific gaps left by the staggered arrange-
ment of adobes could be filled with other materi-
als, in particular by adobe pieces or small adobes 
directly made up of 15 cm side. This option is feasi-
ble but requires a higher technical level to the extent 
that it assumes to insert adobe pieces in small voids 
left by the staggered raw. Similarly two types of ado-
bes could also have different lengths to be laid alter-
nately, one along the whole thickness of the wall 
and the second three times shorter so as to leave a 
gap for the pebbles on each side. The possibility that 
the two adobes• formats are positioned by the same 
bricklayer does not seem coherent with the general 
organization and hierarchy of skills on the site. 
Besides the more complicated supplying on the scaf-
folding and the more difficult management in the 
site, the use of two formats of adobes is much more 
complex and slows the overall progress, and there-
fore the speed for building the supporting structure 
provided by the adobes in header-staggered wall.

5.6 The social trust

In addition to its origin, this technique wonders 
the emergence of social trust which it benefited 
from the inhabitants of Magnoac. This question 
becomes even more acute because of the construc-
tive principles far removed from the generally 
accepted principles in building techniques.

Face a new constructive method, masons and 
carpenters need to have confidence in the tech-
nique they implement, first for their own safety. 
The owners also need to believe that the building 
is strong enough and sustainable, because they 
spend the money they earned or borrowed to build 
it. How the evidence of sustainability came and 
shared in the rural society of Magnoac?

In this age, people knew little to read, did not 
have testing laboratories, training or learning cent-
ers, there was no specialized magazine, techni-
cal departments or vendors-advisors in materials 
shops. The only source of probation and infor-
mation was the members of the community (civil 
society). Thus we can hypothesize that confidence 
in this new building technique is likely to come 
through •return of experienceŽ that occurred at 
the empiricism of the entire rural society, in which 
only the facts and results mattered without hinder-
ing •normalizingŽ considerations.

6 CONCLUSION

Our pluridisciplinary research on the checkered 
architecture of Magnoac shows that inventory and 
technical description of vernacular architecture 
provide new insights into the nature and the behav-
ior of materials of construction, methods of their 
implementation and their changes in history.

But such a scientific contribution, as rigorous 
as it could be, can claim to be sufficient to char-
acterize the architecture insofar as it does not 
understand the conditions of its emergence. To fill 
this gap, some authors refer to a •local particular-
ismŽ or a •constructive cultureŽ... These slogans 
are nearly empty and accrue to avoid discussion or 
questions without making anything new.

The sustainability of vernacular architecture is 
not only due to the use of sustainable materials 
(very local, natural, not or few transformed, not 
or few transported) from ecological considerations 
about energy consumption and greenhouse gas 
emission neither by copying an ancient construc-
tive technique. Sustainability comes much more 
from a social intensity of work, a cultural and 
professional immersion and the transmission of 
knowledge, the organization of collective works 
and a solidarity economy (not commercial)ƒ

These are all these bases which permit to learn 
about these building techniques for new projects 
in another social context, for example our present 
context. Yet, keeping part of its secrets, this ver-
nacular heritage of the checkered architecture of 
Magnoac gives inspiration for new ways to build: 
collective, based on mutual aid, exchange of skills 
and knowledge and active participation of the 
owners in the building process, to pick up and to 
make the constructive materials.
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•Peasant plasterŽ: From rocks to decorated ornaments
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ABSTRACT: Plaster is the oldest binder used to make mortars or coatings. But this material is also used 
to make decorated ornaments. Vernacular architecture, as with •bourgeoisŽ architecture, demonstrates the 
intrinsic qualities of •peasant plasterŽ (or plaster artisanal), considerably superior to the plaster industri-
ally manufactured today. Contrary to received ideas, plaster isn•t moisture sensitive and it is very strong, 
so it can be used for external coating. Plaster is very sustainable, fully recyclable and lasts almost forever. 
Producing plaster is more economical and needs lower energy than lime. Traditionally, the production 
of plaster is extremely local. To recognize the durability of this material, activities are proposed for the 
general public, to depict the entire process, from the extraction of gypsum to multiple uses, pure or added 
with natural or artificial pigments, colored sands, plants (straw, wicker, hemp, sawdust, chips...), gravel, 
shell pearl, according to aesthetic or mechanical constraints.

2.1 Material widely used before Antiquity

One of the oldest traces of its use dates back to 
about 7000 BC on the site of Catal-Uyuk in Ana-
tolia (Turkey). In many buildings in this city, the 
plaster served both as coatings to support paints 
and floors screed for a structure on earth.

In the Middle East, the earliest cities were built 
of rubble linked with gypsum plaster, as, for exam-
ple, were the Towers of Jericho.

Egyptian architects trusted in plaster•s strength 
as this was the material used to bind together the 
huge blocks of stone making up the Egyptian 
pyramids, dating back over 4000 years. Cretan, 
Greek and Roman civilizations also left numer-
ous traces of the use of plaster, mortar, plaster or 
paint medium, as at Knossos (Crete, 2000 years 
BC), Pompeii, (Italy 1st century). Vitruvius in his 
treatise •De ArchitecturaŽ (27 BC) mentions stucco 
while Pline reported in his •Natural HistoryŽ the 
use of plaster for building and moulding.

Likewise, in the Muslim World, the oldest traces 
of plaster ornamentation can be traced back to the 
9th century, Ibn Tulun Mosque in Cairo (Egypt) 
of the Abbasid dynasty, and more in Samara, Iraq, 
which seems to date from the 7th to the 8th century.

In France, the major period of plaster use was 
between the 15th century and the French Revolu-
tion (late 18th century). However it was used from 
at least the 11th century, for example in Savoie 
(Saint-Pierre Cathedral in Saint Jean-de-Mauri-
enne, Col du Mont Cenis).

1 INTRODUCTION

Plaster is the oldest cooked binder used in archi-
tecture to make mortars and coatings, interior or 
exterior. It is also widely used to make decorations 
and ornaments.

Peasant plaster, produced locally by farmers, 
still called traditional plaster or plaster craft when it 
is produced by •gypsiersŽ (artisan producers), dif-
fers from industrial plaster sold commercially by 
the production process, usually simple and derived 
exclusively by cooking gypsum, the sedimentary 
rock with multiple forms.

Although frequently used for a long time in rural 
and urban architecture, plaster material remains 
relatively poorly known. Many received ideas are 
unfavorable. Yet it remains a perfectly durable 
material, deeply rooted in specific territories. From 
practices and traditional secular uses over many 
centuries, it is important today to recognize plaster 
as one of the major materials of vernacular herit-
age and to promote the maintenance and transmis-
sion of knowledge about it.

2 MATERIAL USED VERY EARLY IN THE 
CONSTRUCTION HISTORY

For millennia, the use of plaster in architecture 
has been very diverse. It has been involved in the 
construction of many buildings, whether historical 
monuments or vernacular.
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2.2 A Mediterranean material

These few historical examples show that gypsum, 
very abundant in the Mediterranean, had a strong 
influence on urban and rural architecture. It is 
still produced in the traditional way in the Magh-
reb. But it is also found on the masonry domes of 
Samarkand and China.

2.3 A material for towns and fields

Plaster is often used in construction, both in cities 
and in the countryside. It is the availability of the 
raw material (gypsum) which largely explains the 
widespread use of plaster in some areas.

In France, plaster is widely used in regions 
where the geological history explains the presence 
of sedimentary deposits, such as the Paris Basin, 
Savoie, Provence...

In rural buildings, plaster used most often with 
sand, is the binder with which the walls are linked 
and to achieve external and internal coatings. It also 
acts to seal and frame doors and windows, as well 
as to make interior and exterior ornamentation. It 
is also found abundantly for making ground floors 
in the form of slab bearing joists, combining wood 
and plaster, sustainable and lightweight.

In timber framed houses, it also serves as a fill-
ing and coating.

In bourgeois architecture, in addition to its wide 
use in masonry and coating, plaster is used for dec-
oration, indoor or outdoor. Plaster is the material 
used to create the famous •gypseriesŽ that charac-
terize the bourgeois architecture from the late 15th 
century. These decorations of indoor or outdoor 
stucco plaster, carved, cast or drawn are particu-
larly abundant in castles or mansions, as well as 
religious buildings (churches, cathedralsƒ).

3 A MISKNOWN MATERIAL

Although frequently used in traditional buildings, 
plaster remains a forgotten material, or at least 
poorly known.

3.1 Poorly known material... or confused

Very often, plaster is not identified as such and is 
confused with lime mortar. It is often the presence 
of small particles of charcoal that can distinguish 

Figure 1. Naturally pinkish tint peasant plaster: detail 
of a mortar in Savoie (I. Moulis).

Figure 2. Traditional masonry with peasant plaster 
hamlet around Peisey-Nancroix (I. Moulis).

Figure 3. Plasterwork staircase in Volonne (Ph. 
Bertone).

Figure 4. Exterior decoration of Chapel, Peisey-Nan-
croix (I. Moulis).
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the two binders, since with the cooking of plaster 
between 200 and 400°C, the wood may remain in 
the form of coal, while lime requires a complete 
combustion of wood. Other characteristics of 
plaster are different from lime mortar:

… The color of the coating, predominantly pink or 
orange, more or less dark, sometimes more or 
less gray, sometimes purple, with all variations 
and depending on the color of the gypsum;

… The granular surface, having often been eroded, 
with a rich texture;

… The absence of sand, -plaster is generally used 
pure (visual inspection is not sufficient, it is nec-
essary to verify that the majority of the coating 
can be reduced to a fine powder after grinding 
the sample in a mortar);

… The high thickness of the coating (up to 10 cm) 
in a single layer.

3.2 Colors that contribute to the specificities 
of vernacular architecture

Plaster is intimately linked to the territory in which 
was extracted the gypsum from which it is derived. 
Conversely, the characteristics of vernacular archi-
tecture, especially colors, are directly related to the 
physico-chemical characteristics of the plaster.

Indeed, the chemical composition of gypsum 
and impurities that sedimentary rock can natu-
rally contain (clays, metal oxides or other miner-
als) determine the hue and therefore the range of 
colors that coatings consist of.

Gypsum is generally white, sometimes yellowish 
to reddish, gray or green. This sedimentary rock 
exists in about seventy different crystalline forms, 
the most common are plates (glass Mary Anne 
mirror, mirror of St. Mary, Virgin mirror, Pilgrim 
mirror, Jesus stone), prisms, needles, lenticulars, 
twins (spearhead, swallow tail, larkspur, dovetail), 
fibrous aggregates (butt gypsum) and crystals 
(desert rose).

The particular shade of peasant plaster linked 
to the presence of clays and other minerals in the 
original gypsum, is widely involved in the spe-
cificity of rural architecture. The pinkish peasant 
plaster is often confused with artificial mixtures of 
lime and sand and dye. Yet it is the plaster, and not 
the added sands for lime, which gives color to the 
coating, ie the color is really in the gross mass.

4 A MATERIAL WITH INTRINSIC 
QUALITIES

Despite its very old and constant use in the 
construction history, plaster undergoes many 
misconceptions sometimes conveyed by the com-
munications industry. However the use of plaster 
in the vernacular as in bourgeois architecture, 
demonstrates the intrinsic qualities of peasant 
plaster (artisanal) as much superior to industrially 
manufactured plaster.

4.1 A high strength

Gypsum is a binder of very high strength. The 
excellent mechanical properties appear to have 
been known and recognized by builders since 
ancient times, as evidenced by numerous archaeo-
logical remains such as Merovingian sarcophagi 
found in Paris.

Thus, in Savoie, the peasant plaster locally called 
• gryaŽ is traditionally used in masonry walls or to 
fill round timber frames, and for making floors 
(called sordine).

But its most spectacular use is outdoors: plas-
ter is used to make facades, stone fixtures, frames 
and cornices. This massive use of plaster outside 
on buildings dating back several centuries, demon-
strates the great strength of this material and its 
resistance to weathering.

Figure 5. Naturally pinkish tint plaster: detail of mor-
tar (I. Moulis).

Figure 6. Mortar of peasant plaster in Peisey-Nancroix 
(I. Moulis).
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Peasant plaster is intended for the most demand-
ing façade renovations of architectural heritage. It 
can clean up and smooth out the exterior walls as 
well as interiors of old buildings, as it is compatible 
with all types of traditional walls (masonry rubble 
limestone, timber-framed, masonry baked bricks...).

The absence of shrinkage after application 
makes its implementation very safe even in cases 
of very thick layers.

Plaster is well suited to the possible movements 
of ancient works. Even in cases where the move-
ment of structural work cause cracks, the porosity 
of peasant plaster prevents them from becoming 
invasive.

4.2 Good moisture resistance

Contrary to popular belief, peasant plaster is not 
more sensitive to moisture than traditional bind-
ers: that is why it is not exclusively used inside.

Pure, or mixed with lime, it is frequently used as 
a surface coating, including in areas of heavy rain-
fall. Thus in the Paris Basin, which is home to huge 
deposits of gypsum, more than 50% of the frame 
is made with plaster for walls, most often timber 
framed masonry and plaster coatings.

In addition to its aesthetic qualities, plaster has 
an exceptional ability to clean up ancient walls and 
ensure their salubriousness. Thus the use of plas-
ter for the restoration of masonry and old houses 
allows buildings to regain their original balance.

5 A SUSTAINABLE MATERIAL

Peasant plaster is a perfectly sustainable material 
as it is produced locally (low embodied energy) 
as cooking is done at relatively low temperature 
for a short time (low energy cost) and is infinitely 
recyclable.

5.1 A material from the territory and a very 
localized scale production

Traditionally, the production of plaster is extremely 
local, individual or semi-artisanal.

In regions where the raw material was available, 
especially in relatively isolated areas as the high 
valleys of Savoie, the farmer or bricklayer made 
himself, by calcination of gypsum, all the plaster 
he needed to build or restore a building.

Slow means of transport and the ability of 
plaster to go stale quickly resulted in its use near 
the extraction sites. However, it is very common 
to find plaster in places far from its raw material 
source: in which case gypsum was transported in 
its crude state and cooked on site, both in urban 
and rural areas.

5.2 Its production, a very low energy footprint

Gypsum is calcium sulphate dihydrate 
(CaSO4 + 2H2O). The •cookingŽ for making gyp-
sum plaster is its dehydration, perfectly reversible, 
as diagrammed below (Fig. 1).

This is why this curing is fast enough (a few hours 
against several days for lime) and is done at relatively 
low temperatures (between 200°C and 400°C). The 
rock is cooked then ground and sifted more or less 
finely, depending on the type of usage proposed.

Cooking temperatures produce different gyp-
sum plasters with respective capacities:

… 80 to 150°C: unfired
… 150 to 200°C: Hemihydrate beta (and alpha)
… 200 to 250°C: soluble Anhydrite III (accelerator)
… 300 to 900°C: Anhydrite II overcooked (exists in 

its natural state)
… 800°C: Production of lime (CaO) with traces of 

residual limestone in the gypsum deposits up to 
20%

… 1200°C: I Anhydrite unstable
… 1450°C: Transformation SO3 + CaO (lime)

Figure 7. Cycle of plaster (Ph. Bertone).

Figure 8. Calcining the gypsum in a traditional oven 
built in Peisey-Nancroix (I. Moulis).
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It is the assembly of plaster obtained between 
80°C and 400°C and coarse grinding which gives 
peasant plaster such good strength. Thus pro-
ducing plaster is more economical and produces 
a lower energy cost than lime: for equal volumes 
(several m3), 12 hours at 200°C provide an excellent 
plaster against one or two days at 900°C for lime. 
This means that smaller quantities of wood are 
sufficient to obtain a binder quality. Also in areas 
where gypsum was available, plaster was used more 
than lime, which needs more energy.

5.3 For recycling

Peasant plaster is fully recyclable and lasts more-
or-less forever. Old plaster coatings can be cooked 
to redo the plaster with which is then re-coated 
onto the facade. This extremely interesting recy-
cling property does not apply to modern plasters 
because they contain additives or are covered with 
synthetic paints.

Plaster thus has all the characteristics of sus-
tainable development to be an efficient binder. It 
can be fully recycled. At waste recycling facilities, 
its reuse requires a lot of precautions to prevent it 
from being mixed with cement residue causing the 
creation of expansive salts (ettringite).

6 RECOGNITION OF THE MATERIAL 
AND TRANSMISSION OF EXPERTISE

To recognize the durability of this material, activi-
ties for the general public could depict the entire 
process, from the extraction of gypsum (raw mate-
rial) to the multiple uses of plaster.

6.1 Vernacular expertise

The term •peasant plasterŽ comes from the tradition 
of some farmers to •cookŽ the gypsum, ie to pre-
pare the material, during periods of low farm work, 
when they would go to pick the right stone from 

the mountains. Traditionally farmers produced this 
building material in seasons during which agricul-
tural work left them free time. As such, the produc-
tion of peasant plaster is closer to the production 
of lime or of vernacular earthen architecture, espe-
cially the manufacture of mud brick (adobe), since 
all are based on •harvestingŽ activities, in one case 
gypsum, in the others limestone or earth.

6.2 A reconnaissance or transmission 
of know-how

Thematic days around peasant plaster are regularly 
organized to present all the stages of its manufacture. 

Figure 9. Oven for grya built in Peisey-Nancroix 
(I. Moulis).

Figure 10. Grinding plaster mill in Clamensane 
(Ph. Bertone).

Figure 11. Transport gypsum collected around 
(I. Moulis).

Figure 12. Grinding plaster with traditional tools 
in Prieuré de Salagon (Ethnopole départemental de 
Salagon).
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rural society of yesteryear. This is particularly the 
case of the Maurienne and Tarentaise, the main 
Savoie areas where gypsum, very abundant, has 
been used until the 20th century, both individually 
and semi-artisan to produce the •gryaŽ.

To understand the nature of plaster, what 
could be better than to participate in the produc-
tion and to experiment yourself  in its uses and 
opportunities?

To illustrate the variety of uses of plaster, prac-
tical workshops are organized: plastering, coating, 
finishing, painting, moldings...

Participants can also manipulate the material in 
its various forms, and so be aware of and/or bet-
ter understand the benefit of using pure plaster 
or mixes of various kinds, such as the addition 
of artificial coloring, colored sands, plants (straw, 
wicker, hemp, sawdust, chips...), gravel or shell 
pearl... Also they experiment with the mastery of 
techniques offering a wide range of finishes: cut, 
tight or washed for a more weathered look, or less 
where the grain is more or less apparent...

7 CONCLUSION

Gypsum is a major material of construction his-
tory. Recognition of the intrinsic qualities but also 
aesthetic and cultural qualities of •peasant plasterŽ 
is essential in maintaining the old building typolo-
gies (rural, urban), in many monumental places 
like the Paris Basin, Savoie, Provence, Languedoc 
and Pyrenees. Besides awareness of the material, 
activities contribute to rebuilding the techniques 
and transmission of knowledge, closely related to 
the natural resources of a territory.

Plaster is a sustainable material that is undoubt-
edly part of our cultural heritage. Its low energy 
demand and ease of •cookingŽ is relevant for 
current restorations and for difficult access sites. 
However it involves a highly technical expertise 
from craftsmen, which induces a higher valuation 
and cost of labor.
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Figure 13. Plaster cast directed by Philippe Bertone dur-
ing Days •gryaŽ in Peisey-Nancroix, 2012 (I. Moulis).

Figure 15. Traditional masonry with peasant plaster 
hamlet around Peisey-Nancroix (I. Moulis).

Figure 14. The authors, workshop implementation 
plaster, stucco plaster (Scagliola) during days •GryaŽ in 
Peisey-Nancroix, 2012 (I. Moulis).

These activities aim to improve the understanding 
by the general public, but also building profes-
sionals, of the specificities of this traditional local 
material and its multiple uses.

Recognizing the importance of this cultural her-
itage, some territories participate in the recognition 
of craft skills that have shaped the economy and 
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Campania Felix, smaller towns, vernacular and sustainability
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ABSTRACT: Approaching the study of smaller towns in a dialectical process between the general values 
of architecture and the specific values of the place requires an analysis for consecutive stages of knowl-
edge to re-establish those relationships of balance and identity that allow reading their architecture and 
construction with a rigorous scientific methodology.

to involve different worlds and cultures. These 
cultures happen to be parts of an open territory 
that, like rosary beads, shoves the small towns in a 
potential but at the same real network. The Smaller 
Town draw and define the Campania Felix, with 
its own specificity capable of building a socio-cul-
tural, economic and development system.

The tendency, therefore, to diffuse the centrality 
and the regeneration of the existing dwelling qual-
ity trigger interesting processes that promote the 
recovery of the tangible and intangible heritage 
among the general values of the historic architec-
ture and the specific values of the individual sites.

A knowledge-based research which tries to re-es-
tablish the balance of their identity and the histori-
cal city. The centres belong to a network within the 
territory, the backbone of settlements resting on 
a topography that determines the uses and living 
spaces: the two or three storey dwelling house with 
a room for each level and an internal staircase; the 
two or three storey dwelling house with an inde-
pendent room the lower floor of the house.

Both typologies are organized to establish pre-
cise connections with the road through a direct 
relationship that favours the continuity of domes-
tic space in the public sphere and vice versa.

The road is not the boundary between public 
and private, but is given the role of connective tis-
sue within a community, a system that interacts 
directly with the dwelling, of which it is an integral 
part and extends its activities to the territory and 
to the network of small towns.

Small centres that, in this perspective, become 
sprawl space with hints of permanence and of 
change at the same time, to verify and subsequently 
implement a system made of specific cases, but 
with common references.

Interstitial spaces and residual areas to be 
exploited, the foundation of clearly defined places, 
the recognition of the existing historical heritage are 
all subjects that serve a single issue: sustainability 

Walking down the villages streets makes their struc-
ture evident: the road system is revealed through 
cuts in the compact built environment. Within 
this layout, the position of the different buildings 
defines typological variations and uses.

The family life is embodied in the organization 
of the space and in its relationship with the exterior: 
the ground-floor room sets unique and immediate 
connections with the road in a direct relationship 
which implies a trend of private life to open to the 
public space. The road is not a boundary between 
the public and private, but the connective tissue of 
the whole social life.

The greatest evil of our time is the marginaliza-
tion, loneliness, abandonment, forgetting, being for-
gotten. It causes the loss of important values which 
come from the past, from the existent: objects, peo-
ple, social values, memories and stories. The aware-
ness of such loss generates the desire, the impulse, 
the will to do something to heal the fracture which 
is often generated between past and present. Break-
ing the sense of continuity in history, the indiffer-
ence to sites of recent construction and forgetting 
places that are full of history generates a loss of the 
sense of its own history, its own identity.

Campania Felix (Franciosi 2002) is a strategy to 
recover the idea of urban settlements, correspond-
ing to the requirements of dwelling-oriented ways of 
organizing the community spread over a territory.

The plan as a structuring scheme responding to 
the needs of a community and of the individual is 
nowadays outdated by the context and by what it 
expresses and narrates.

The public spaces are seen as an expression of 
social values and continuity between domestic and 
communal space, identity as a sense of belonging 
and bonding with a wide territorial culture that is 
able to keep but especially to welcome. Moreover, 
dwelling is intended as a stratification of customs 
and habits as interacting layers that systematize 
renewed functional models based on the trend 
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as a common reference, which becomes social, cul-
tural and even economic.

Sustainability is the central issue for Campania 
Felix, the requirement, the goal of each interven-
tion. From the characters proper to each settle-
ment, sustainability„intended as a deep bond that 
exists between an area and its specificity„is a 
growth factor that offers precise searching a clear 
address. The ways and means through which the 
small towns have organized their own development 
don•t provide a template to use, but rich and artic-
ulated ways of living.

Knowing the context with reference to the ideas, 
politics, history and culture of an area is essential to 
understand the strategies to be put in place in order 
to estimate the sustainability of the interventions.

Knowing the context also means to investigate 
the characteristics and materials •[ƒ] each situa-
tion offers a specific truth to be sought and revealed, 
as the essence of the goal, and as the truth of both 
the site and the geography that embodies that site•s 
particular history [ƒ]Ž  (Gregotti 1991).

Sustainability is not simply the result of a proc-
ess, but a more complex condition in which memory, 
tradition and identity reveal the places of dwelling. 
The sequence of the elements, the position of each 
one of them, the relationships that emerge between 
the parts, represent the sequence of a story:

•You penetrate it along streets thick with sign-
boards jutting from the walls. [ƒ] If a building has 
no signboard or figure, its very form and the position 
it occupies in the city•s order suffice to indicate its 

Figure 1. The settlements in Campania (G. Multari).

Figure 2. Irpinia: the network on the territory (G. 
Multari).

Figure 3. Irpinia smaller town (G. Multari).

Figure 4. Continuity between public and domestic 
space (G. Multari).
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of small towns, states the general principles and 
rules of organization. The small towns represent the 
experiences of history, culture and social life, tools 
to respond to the current conditions of life and pro-
vide a better quality of what exists and what, if  any, 
must be modified.

This is an argument that, rather than adding 
new things, tends to reorder what has already been 
said, bringing to light the general meaning of the 
question through a comprehensive summary that 
continuously reflects the images and visions of 
the context. Existing places and collective aspira-
tions make smaller urban realities a suitable rich 
soil to understand the mechanisms of a sustainable 
growth through the conditions that can settle the 
effect and identify the most appropriate strategies 
for a proper development of the area.

•[ƒ] who today finds himself thinking about 
urban policies in a small town is inevitably forced to 
acknowledge that [ƒ] they are characterized by low 
requirements, but intense questions [ƒ] small towns 
do not need a lot of predictions, sizing and regula-
tions, as of •rules•. Where the city has not grown in 
•settlements•, where the process has been slower [ƒ] 

Figure 5. Continuity between public and domestic 
space (G. Multari).

Figure 6. The one or more storeys dwelling house 
(G. Multari).

Figure 7. The two or three storeys dwelling house 
(G. Multari).

function [ƒ] Your gaze scans the streets as if they 
were written pages: the city says everything you must 
think, makes you repeat her discourse [ƒ] you are 
only recording the names with which she defines her-
self and all her parts.Ž (Calvino 1972).

Places become elements and materials, specific 
characteristics of an area that, through the network 
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what is able to give coherence to the new [...] was 
just a morphological and typological •rule•. It is still 
recognizable in many parts of the city and the terri-
tory [...] that•s why smaller towns now appear to me 
as interesting places in which to observe and study 
some of the most important problems of urbanism.Ž 
(Secchi 1989).

This is a research that draws attention to the 
existing, to normal and simple cases, providing 
operational guidance for the preservation of the 
historical, cultural and social heritage to ensure 
sense and identity to the built environment as inte-
gral part of the existing. The configuration of the 
built environment understood as a fundamental 
element of living that defines the role of memory„

capable of proving its own, active and recognizable 
presence on the territory„seizes the opportunities 
that this process brings into play:

… the recovery of the common meanings to differ-
ent scales and ratios;

… the participation of individuals to the enhance-
ment of its habitat;

… the identification of operative tools which will 
help to clarify the meaning of public space.

Ultimately, it is a work on the territories of 
small urban realities which aims to understand the 
reference system to establish precise relationships 
between general and specific elements, as well as 
the •the locus is a relationship between a certain 
specific location and the buildings that are in it. It is 
at one singular and universal.Ž (Rossi 1966).

The network of small towns is, in this sense, 
closer and similar to the infrastructure as a refer-
ence plan in a system which, however, favours the 
interpersonal exchange without sacrificing the 
larger network.

People who live and will inhabit these places in 
the future live a sense of community through inter-
action, thus having positive effects on themselves 
and on the entire territory.

This subject and the research are particularly 
interesting for the renewed idea of Campania Felix 
they convey. It locates a great load of resources 
and work on the coastline but also embodies the 
inner territories, true and authentic heritage, open 
and oriented to a sustainable growth. This idea of 
Campania Felix needs to be refined by the people, 
in a democratic process of usage and construction 
of the public space and public life, supported by 
economic and cultural innovative conditions.
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Figure 8. The morphology of the façades (G. Multari).
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ABSTRACT: For a long time, scholarly attention has been devoted to few •exemplary buildingsŽ rich 
in history and of aesthetic values, whereas it was almost ignored the vast heritage of rural buildings and 
constructions. Retaining walls, paths or ovens, rich lowland farms or poor buildings scattered among the 
mountains, have often been regarded as simple objects of which it was necessary to decide the fate, in 
ways more or less distracted and under various demands. It was thus often missed the recognition of the 
full dignity of many cultural buildings belonging to the so-called •peasant or rural worldŽ. Several new 
challenges regard now the conservation, the sustainable re-use and the compatible rehabilitation of this 
heritage, respectful of its features, of its layered consistency and of its values, aiming at enhancing its liv-
ability and improving its energetic behavior. The paper deals with these topics and offers an overview of 
the researches carried out by the authors in this field.

often derived from a simplistic attitude that looked 
only to superficial aspects of those buildings, isolat-
ing them from the wider horizon of historical, social, 
economic and environmental nature of which they 
always are a fundamental expression.

For a long time, rural architecture has thus been 
confined to the domain of •spontaneityŽ or •natu-
ralŽ (not to say, of the •irrationalityŽ), ignoring the 
fact that it is not the product of a disordered and 
random human activity, with no rules, patterns, 
strong links with history, the environment and its 
resources, the expression of a state of equilibrium 
now almost entirely forgotten, and sometimes 
irreparably destroyed. In contrast, the traditional 
rural architecture is the result, never fully inclusive 
of profound influences exercised at all times and 
places, from economic, social, technical, scientific 
and cultural communities who created, lived in and 
used every specific flap of the territory.

Above all, geographers, who almost alone ini-
tially studied this vast and widespread built herit-
age, considered the slow process of transformation 
of rural architecture through the ages as the result 
of a continuous and mechanical adaptation to 
external conditions, the production needs and 
housing, forgetting that, in any case, these proc-
esses are of deep cultural nature.

Then, there is always a strong tendency to iden-
tify rural architecture with the generic concept of 
•folk architectureŽ or •minor architectureŽ, high-
lighting the lack of •courtly or monumentalŽ char-
acters in those buildings. We forget, in this way, that 
this heritage has extraordinary cultural values and 
formal, making it a valuable •historical documentŽ, 
as well as a useful (but fragile and irreplaceable) 

1 STUDIES AND RESEARCHES 
ON RURAL ARCHITECTURE IN 
NORTHERN ITALY

In the last years the authors developed and coor-
dinated several studies on the topic that have been 
presented through the publication of specific 
•Guides for conservation, maintenance and rehabili-
tation of Rural ArchitectureŽ in different protected 
areas, mainly in Northern Italy.

Among them are: the Regional Parks of Aveto 
and Beigua, beyond the National Park of the 
• Cinque TerreŽ in Liguria Region; the GAL 
(Groups of Local Actions) of •Langhe RoeroŽ 
and of •MongioieŽ, in Piedmont (in collaboration 
with the Polytechnic of Turin); the Park of •Val 
d•IntelviŽ, in Lombardy (in collaboration with the 
Polytechnic of Milan) and the Sardinia Region (in 
collaboration with the University of Cagliari).

All the • Guidelines Ž address the vast and com-
plex theme of rural architecture in which many 
studies have been devoted, at least for a century 
or so, with the help of many disciplines. In recent 
years, however, there has been a renewed and grow-
ing interest in the artifacts associated with the use 
of agriculture, forestry or pastoral care of our ter-
ritories and to their fate. To it, however, is not yet a 
real awareness of the many aspects of the problem, 
even for the lack of new contributions after the 
great systematic researches of the thirties and the 
fifties of the last century, at least in Italy.

Many studies, however, are rarely departed from 
an explicit definition of their scientific object, the 
•rural or vernacularŽ, in fact, because of the extreme 
difficulty to proceed with its clear delimitation. It is 
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material resource. The rural architecture, in fact, 
although it is not the result of •intentional design 
of an architect,Ž is always the product of complex 
intentions and of rich interactions between several 
subjects and different needs.

Taking into account these premises, the stud-
ies presented here bring a contribution to the 
discussion on the topic, by considering the rural 
architecture as a •system of systemsŽ and not as 
the •simple sumŽ of systems, or of sub-systems, 
physically and logically separated from each other. 
A rural building, like any other pre-industrial 
architecture, it is thus regarded as a •unitŽ, that 
is an •irreducible synthesisŽ of various constituent 
elements, surpassing the paradigms of the modern 
•prescriptive technology.Ž

That building, in fact, is the product of an 
ancient •conventional technologyŽ, now almost 
completely forgotten and that we need to re-take 
possession of, as it may still be useful to the active 
protection of the built heritage and the rural land-
scape. A building, on the other hand, can be always 
studied by adopting different ways of reading it 
that correspond to the many problems that the act 
of building faces.

Nevertheless, it remains always the same build-
ing, or a manufactured unit, even if  sometimes it 
appears a wealth of different constructive result of 
the historical events that have marked its existence 
(uses, abandonment, reconstructions, reuse, adap-
tations, extensions...). That building represents, in a 
sense, the synthesis of all the aspects that our inves-
tigations, in an attempt to achieve more in depth 
knowledge, tend to separate and select as if  they 
were completely independent. The requirements of 
the use, translated into the succession of spaces, in 
their conformation and organization, in plan and 
elevation, the requirements of security and stabil-
ity, absolved from all its resistant structures, major 
and minor, shaped according to a specific struc-
tural design (conception) and, finally, the properly 
compositional intentions, translated into the appar-
ent forms of the building, in fact, are all present 
together in it and are all essential for its existence.

These are the synthetic scientific and cultural 
premises from which our studies, surveys and elabo-
rations started and that have been afterwards devel-
oped in the various •Guidelines...Ž in question.

2 KEY ASPECTS OF SUSTAINABILITY IN 
RURAL ARCHITECTURES

The paper thus intends to highlight the follow-
ing main key issues that are related to the general 
theme of the sustainability of the future recovery 
of this specific heritage according to the quoted 
studies and in relation with the constructive fea-

tures of the traditional buildings (in their relation-
ships with the landscape) and with regard to the 
challenges of their safeguard, conservation and 
rehabilitation.

The availability of natural materials and their 
traditional uses, first of all, is at the basis of the 
best possible traditional constructive solutions 
adopted for saving the different sources of energy 
that were needed to heat them. This circumstance 
allowed •sustainableŽ conditions for living in their 
interiors, within the climatic conditions of the 
examined territories and in the given conditions of 
the ages they were built (or transformed).

Moreover, the traditional settlement and •model-
lingŽ of the territory have been for centuries signed 
by the use of the products of some •closedŽ cycles, 
such as the forest and the agricultural economy, 
that inevitably gave life to a sustainable land use.

The traditional constructive techniques that 
characterize the rural buildings are thus the result 
of the capability of their inhabitants and builders 
to leave in the various climatic zones using (but 
never wasting) their finite resources and which can 
be still adopted (necessarily reinterpreted) for the 
maintenance, repair and structural strengthening 
of the traditional rural heritage.

In each specific climatic zone, the employed 
materials, with some interesting constructive details, 
must be therefore considered as a way to diminish 
the loss of heat from the interior towards the out-
door (or to maintain it •insideŽ), or to prevent the 
penetration of the cold inside the building from 
outside. They are, at the end, more than simple 
•formalŽ features and for this reason they should 
be carefully conserved or even re-proposed within 
the future reparation and upgrading interventions.

Some innovative solutions, in terms of new 
materials, or of innovative constructive techniques, 
can (or must) of course be adopted for the same 
purposes and to realize new interventions, always 
dialoguing with the existing parts but only if  they 
are really compatible with them (mechanically, 
physically, energetically...) and if  they respect their 
fundamental features, their historically •layered 
substanceŽ and the landscape they are inserted in.

The traditional morphologies of the rural build-
ings (dimensions, relationships with the ground, 
disposition, shapes and dimensions of the open-
ings, thickness of the walls etc.) must be then con-
sidered as the •smartŽ final products (or result) of 
an ancient •material cultureŽ. Its sustainability, on 
the other hand, has been already assessed by the 
passing of the centuries, also for what regards their 
behaviour in relation with the climate, the environ-
mental influences and the different solicitations 
and risks they are exposed to (temperature fluctua-
tions, rain and snow precipitations, flood, soil ero-
sions and movements, seismic solicitations...).
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For all these reasons, there is also a fundamental 
need for continuous and programmed maintenance 
and care of the most fragile constructive elements 
and materials, always choosing low-impact inter-
vention techniques that can be compatible with the 
features of the existing buildings.

3 MAIN GOALS OF THE •GUIDELINESŽ

There are, of course, some differences between the 
different studies initially quoted, because of the 
characters (physical, geographic, climatic...cultural), 
of the involved areas and of their built rural herit-
age. Nevertheless, they all share some common and 
basic elements that reflect the cultural and techni-
cal setting of the research team. For this reason, the 
paper deals with the characteristics and the common 
problems and applications to the various quoted 
experiences, rather than with their differences.

All the different •Guidelines..Ž, in strict relation-
ship with their territory, aim in fact at:

… providing rigorous elements of knowledge of 
the architectural and constructive features of the 
rural artefacts of the involved areas;

… giving concrete advice for maintenance, conser-
vation and rehabilitation interventions of the 
existing rural buildings spread in the landscape 
and outside its historic villages, in order to pre-
serve their complex features and values, enhanc-
ing their liveability and their sustainable re-use, 
beyond their energetic behaviour, without wast-
ing their already experimented qualities under 
this point of view;

… offering a wide overview on the available tradi-
tional, or even innovative, technical solutions to 
solve the surveyed problems of these buildings, 
selecting those which can be applied respecting 
their material features and immaterial and the 
landscape they are part of;

… suggesting an adequate methodological approach 
to achieve effective outcomes through the recov-
ery/rehabilitation interventions, based on the 
preliminary knowledge of the building features, 
of their material decay or stability problems, but 
also of the possible threats and of the needs for 
their adaptation to the contemporary standards 
only if  (and within the limits in which) they are 
compatible with the safeguard of their features;

… offering these •eligible solutionsŽ as a simple 
tool that can support the technical standard of 
more general planning instruments, and that 
should not be intended as a legal and imperative 
or compulsory regulation, in general terms;

… allowing and requiring the continuous implemen-
tation of these potential solutions, by the part of 
the local administrators and of the professionals 
active on the field that, while working on real 

cases, may transform the various "Guidelines.." 
in •living• instruments which may even be modi-
fied on the base of their application and of the 
new acquired knowledge deriving from an open 
process of self-learning and self-enhancement.

4 PRELIMINARY FIELD STUDIES

Wide and deep surveys have been carried out, in 
each examined territory, to identify the main con-
structive and architectural features of the tradi-
tional buildings spread in the countryside and the 
most recurrent problems of material decay and of 
structural defects or risks that affect them.

The traditional rural buildings of each area have 
been thus recorded using first of all a •syntheticŽ 
data sheet and some of them (selected on the basis 
of this first phase, because really representative of 
the whole examined universe, under many points 
of view) have been analyzed in a more detailed 
way. Each selected building has been further on 
described together with the uses and the features 
of its surrounding open spaces.

Starting from the data collected during the 
survey and duly organized in an open and imple-
mentable data-base, the following main objectives 
of the •Guidelines...Ž have been clearly outlined:

… improving the quality of the maintenance proc-
esses and of the interventions for their repara-
tion/rehabilitation, promoting a more effective 
safeguard of the ancient rural buildings;

… raising the awareness among the local commu-
nities towards the complex values of their tradi-
tional built heritage and of the cultural landscapes 
in which they are living only as provisional heirs;

… providing adequate technical solutions for the 
conservation and for the rehabilitation inter-
ventions of the old rural buildings and for their 
compatible and affordable (sustainable) adap-
tation to the modern uses, without destroying 
their identity nor losing their values;

5 GENERAL CRITERIA FOR 
INTERVENTION

At the building scale, the proposed general criteria 
for interventions mainly refer to the principle of 
the so named •minimum interventionŽ and require 
the fundamental respect of the material consist-
ency and of the formal characters of the existing 
buildings that imply, among the others, the accept-
ance of the following fundamental requirements:

… respecting the building structural and mor-
phological conception and acquired behaviour, 
layout and components, together with their 
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existing material substance, through the privi-
leged utilization of the traditionally used build-
ing materials;

… using traditional but also modern constructive and 
intervention techniques and materials which must 
be, in any case, compatible with the existing ones;

… adding new parts (only if  strictly necessary for 
the conservation of the existing parts), rather 
than modifying the existing ones, always respect-
ing the architectural identity of each building in 
its relationship with the surrounding environ-
ment and landscape.

6 TECHNICAL INSTRUCTIONS 
FOR INTERVENTIONS

The guidelines are organised in technical sheets, 
grouped into sections, according to the technologi-
cal and constructive components of the buildings: 
(such as: general structure, masonry boxes types, 
walls, kind of masonries, roofs, floors, plasters and 
external surfaces, doors and windows, balconies, 
stairs, water plants, electrical services, etc).

Each section of the •Guidelines...Ž comprehends:

… the description of the examined constructive 
and technological features of the building, based 
on the data collected during the field survey that 
have provided the necessary information about 
recurrent morphologies, constructive tech-
niques, materials and the dimensional data of 
the specific element;

… the description of the most frequent material 
degradation and stability problems and of the 
current technical requirements;

… some specific •guiding principlesŽ useful to real-
ize the possible interventions on the components 
of the existing building, based on the general cri-
teria described above, and respectful of its mate-
rial and architectural features;

… some images and analytical texts that can help the 
description of the interventions (in its realization 
phases) that have been considered not compati-
ble with the above mentioned guiding principles, 
accompanied by short comments explaining the 
reasons for the negative judgement;

… two different levels of compatibility, with their 
specific guiding principles and their identi-
fied values, that are so defined: 1) compatible, 
that is •possible only under specific controlled 
conditionsŽ; 2) clearly not compatible. Each 
of these two levels is linked to a specific list of 
related interventions and techniques duly sup-
ported by demonstrative drawings, pictures and 
descriptions;

… the description of the preliminary investigations 
(non-destructive) that are necessary to clearly 

identify the main (or the most common) causes 
of deterioration, decay or of structural instabil-
ity of the different categories of buildings and 
components;

… this description is completed by some general 
advices for the elimination or for the adoption 
of contrasting actions against those causes and 
that should be carried out before any direct 
intervention upon the •physical bodiesŽ of the 
buildings;

… an inventory of the various and "possible tech-
nical solutionsŽ, starting from the less invasive 
ones to the most impacting ones, in terms of 
transformative effects (considering: cleaning, dis-
infesting, dehumidification, maintenance, repair, 
replacement, insertion of new elements, etc.).

… for each intervention, the "Guidelines..." offer to 
the user: a clear declaration of its main goals, 
the detailed description of the phases necessary 
for its implementation, the materials that can be 
used, some warnings on safety matters and envi-
ronmental compatibility, some general advices 
regarding the best way to realize the intervention 
on the construction site.

Figure 1. The image above represents the cover of the 
book published by the authors in 2006: •Guida agli inter-
venti di recupero dell•edilizia diffusa nel Parco Nazionale 
delle Cinque TerreŽ (Venezia, Marsilio Editori).
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7 CONCLUSIONS

The various •Guides...Ž the paper deals with have 
been published and distributed at local level espe-
cially among inhabitants, civil servants, techni-
cians, professionals and administrators involved in 
the rehabilitation processes of their rural heritage. 
Further, all the •Guidelines...Ž have been diffused 
among a wider national public conquering a wide-
spread interest on a more general cultural level.

In the first case, the •Guides...Ž have been 
intended to provide a support to the protagonists 
of the rehabilitation processes of the analyzed her-
itage. Within this perspective, they have also been 
the main topic of some •trainingŽ courses organ-
ized by the responsible bodies that committed their 
preparation and managed by their authors, in order 
to positively influence the involved subjects, in dif-
ferent phases and with various responsibilities and 
aims, in the recovery of the rural heritage within 
the examined areas (Regional or National, Parks, 
GAL consortia of Municipalities, Regions etc.).

Moreover, in some cases, the •Guidelines...Ž 
have been officially inserted by the responsible 
Administrations within their planning and regula-
tory instruments, for the management of  their ter-
ritories. In these cases, the •Guidelines...Ž do not 
have a compulsory or imperative nature but can be 
used as a tool to examine and approve the inter-
ventions proposed by the private or public own-
ers of  the existing buildings to be recovered and 
restored. Moreover, they can be assumed as the 
basis to assign to the owners the available grants, 
in order to support their intervention if  it they 
are designed and executed respecting their sug-
gestions. More than imperative rules, they must 
thus be intended and used as •suggestionsŽ and 
•supportingŽ tools aimed at improving the quality 
of  the rehabilitation process of the existing rural 
buildings. In this perspective they aim to express, 
first of  all, a pedagogical and educative role, even 
before a simple technical one and the results till 
now acquired seem to be encouraging in this 
perspective.

Figure 2. A inner page of the •GuidaƒŽ for the •Cinque 
TerreŽ National Park showing and explaining the recur-
rent problems of material decay and of structural insta-
bility that affect the traditional •masonry boxesŽ of the 
rural buildings of the Park.

Figure 3. This inner page of the •GuidaƒŽ for the 
•Cinque TerreŽ National Park shows a possible inter-
vention to recover a damaged timber ceiling, realized by 
inserting new elements supporting the fragile or ruined 
existing beams.
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The •GuidaƒŽ for the •Cinque TerreŽ National 
Park is the result of a research programme com-
mitted to the Department DSA of Sciences for 
Architecture of the University of Genoa, financed 
by the Regional Directorate for Cultural Heritage 
and Landscape of Liguria with the participation of 
the local Superintendence for Architectural Herit-
age and Landscape and the Regione Liguria.

8 NOTE

The research activities presented in the paper have 
been developed by an interdisciplinary group con-
stituted by the department DSA of the Univer-
sity of Genoa, with the scientific responsibility 
of prof Giovanna Franco and prof. Stefano F. 
Musso. The researches have been committed and 
partly financially supported by several Institutions 
among which are: MiBACT-Ministry of Cultural 
Goods and Activities and Turism, its Regional 
Directorate for Cultural Heritage and Landscape 
(arch. Liliana Pittarello, arch. Maurizio Galletti, 
Directors, arch. Manuela Salvitti, arch. Luisa De 
Marco) and the Superintendence for Architectural 
Heritage and Landscape of Liguria, Regione Ligu-
ria, Ente Parco Nazionale delle Cinque Terre; Ente 
Parco Regionale dell•Aveto; Ente Parco Region-
ale del Monte Beigua; GAL Moongioie e GAL 
Langhe-Roero, Regione Piemonte (prof. Daniela 
Bosia); European Commission„Culture 2000 and 
INTERREG IIIA e IIIB programmes; Comunità 
Montana Val d•Intelvi, Regione Lombardia (prof. 
Stefano Della Torre), Regione Sardegna (prof. 
Antonello Sanna).
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ABSTRACT: Tourism is a phenomenon that is capable of creating, transforming and even erasing cer-
tain signs of a culture. Its importance as a consumption device is such that it can come to modify a 
territory in the interest of economic benefit or growth. Tourism is a decisive instrument in local manage-
ment policies and sociocultural development of populations. This study aims at considering the relation 
between tourism development, and architectural, landscape and, therefore, cultural redefinitions of a 
region, the specific object of study being southern Morocco. The phenomenon of tourism and its com-
plexity are analysed from a global scale to its materialisation and potential consequences at a local scale.

unrestrained market, and, therefore, in superficial 
consumption.

This way, the world becomes more accessible to 
everyone, but, at the same time, this progress rede-
fines the meaning, culture and identity of places, 
simplifying the understanding of their signifiers.

In the case of southern Morocco„a territory 
historically embedded in a local structure„the 
processes of relationship based on the use of global 
tools are a fundamental basis for tourism industry 
actors trying to develop geolocation strategies at 
international level. Nonetheless, this is only the 
starting point of the problem, as the consequences, 
and„let it be said„the potentials of the unstoppa-
ble development of tourism cover very wide ranges, 
scales and complexities affecting local architecture 
in two senses: in terms of tourists• perception, and 
in terms of the tourism-oriented transformation 
carried out by the population itself.

2 METHODOLOGY

This is a case-based research, the object of study 
being southern Morocco. The aim is to analyse the 
various scenarios of relationship between tourism 
development, and architectural, landscape and, in 
short, cultural redefinition of the territory. The 
approach covers every scale, both the micro and 

1 INTRODUCTION

The speed of contemporary progress and new 
virtual information superhighways are two of the 
main features of postmodern societies. Paul Vir-
ilio alerts of the potential consequences of this 
immediacy for transmuting reality; this entails a 
•loss of orientation regarding alterity (the other), 
[ƒ][a] disturbance in the relationship with the 
other and with the worldŽ. This new way of chan-
nelling knowledge is producing new processes of 
understanding in which information overload and 
acceleration of the immediate necessarily cause 
involuntary disinformation.

Given that today the Internet is the main instru-
ment for visualising and representing real space, 
when potential tourists decide to explore and 
search for online information about a certain ter-
ritory, the communication market„instantaneous 
as it is„provides them with an essentialist and 
highly simplified vision of any place, accord-
ing to patterns of behaviour where positioning is 
everything.

Thus, the perception of content is prioritised„
whatever the rules of this prioritisation„over 
quality itself, and over the truthfulness of the 
acquired knowledge, owing largely to the fact that 
this approach is essentially visual and extremely 
fast. Information supply saturation results in an 
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macro levels, given their interdependency and the 
fact that both are required to understand the com-
plexity of the matter from a holistic perspective, 
rather than from an atomistic one.

2.1 Global scale

Cultural commodification (Wyllie 2000) can be 
understood as a global dynamic that transforms 
places, cities, architecture and heritage into com-
modities„into potential souvenirs. This strategy 
consists of compiling an iconographic and sym-
bolic catalogue that is used as a tourist attraction, 
disseminating and producing expectations based 
on mystification and collective imagination, the 
final objective being the creation of a territorial 
brand. This is why tourists cannot be considered 
simple migrants. Actually, they are more like cli-
ents, consumers of places that are part of the free 
market, similar to any other commodity crossing 
borders and governed by global laws and economic 
models.

The most obvious„although not irrelevant„
examples of the processes of cultural commodifi-
cation in southern Morocco are the results found 
in the main search engines of tourism industry 
actors and tour operators advertising and publi-
cising online. There it is easy to see how Amazigh 
culture is pervaded by different stereotypes that are 
part of a reductionist folklore designed for the sole 
purpose of transforming it into a tourism product 
(Figures 1 and 2). Within the logic of the virtual 
information as described above, the perception of 
southern Morocco is instantaneously reduced to 
Erg Chebbi dunes, the figure of the Tuareg, the 
tighremt, the oasis, the palm grove, and such like. 
Besides that, there is an elaborate catalogue full of 

icons related to values such as the authentic, the 
exotic, the unheard of and, in general, to the cul-
tural alterity that Western tourists search for so as 
to reassert their own civilisation (Wearing 2001) „
the tourism industry understanding tourists• 
demands inside out, as it has created them.

Nonetheless, this is not a question of elucidat-
ing the origin of this symbology or to trace its 
entire evolution until becoming a part of our col-
lective imagination. The main dilemma posed by 
this global dynamic is related to the legitimacy 
of private actors and their advertising and mar-
keting strategies, which are intended to appropri-
ate the image and values associated with a public 
domain heritage, and to use them without limits, 
following the tourism market logic and, solely, for 
economic purposes. In view of this situation of 
perversion and simplification, the stance of pub-
lic entities and actors, both at regional and state 
levels, should be analysed, given that in the case 
of southern Morocco, it does not differ much 
from that adopted by private actors. When ana-
lysing tourist offer as presented on the website of 
Moroccan National Tourist Office in Madrid, it 
can be seen that, indeed, the conflict appears non-
existent, as the representation of reality shown and 
made available by the Office follows the very same 
stereotyped and reductionist patterns found in 
the private sector (Figure 3). Thus, if  the authen-
ticity of a place can be defined as •a fight where 
conflicting interests try to impose their version of 
history and to appropriate the right to represent 
itŽ (Fuller 2009) (our translation), expressions of 
Amazigh and southern Morocco cultures appear to 
have a univocal and essentialist representation„at 
least this is the case on most •global• tourism web-
sites devoted to communicating and disseminating 
tourist information.

This may seem of little significance, but if  no 
actor tries to renegotiate those parameters and 

Figure 1. Home page of the website: www.
viajesmarruecos4×4.com.

Figure 2. Home page of the website: www.
viajarmarruecos4×4.com.
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integrated into national tourist circuits„are 
particularly striking. These are the N-10„the 
Ouarzazate-Errachidia road„and the N-13„the 
Rissani-Merzouga road.

The former is the road called •Route of 1,000 
Kasbahs•. The origin of this tourist product goes 
back to the first travellers under the French pro-
tectorate. They defined the tighremt„the Amazigh 
word for •kasbah•„as an architectural masterpiece 
showing strong and attractive aestheticism (Felze 
1935). Later on, due to road paving, which took 
place in the 60s, the region became popular in the 
tourism industry, thanks to its striking traditional 
buildings, the great exoticism of its landscapes and 
the stereotypes applied to its peoples. But it was 
not until 1987, when the Ksar of Ait-Ben-Haddou 
was declared a World Heritage Site by UNESCO, 
that the region was established as one of the main 
tourist attractions of southern Morocco.

The peculiarity of this road is that its own identity 
as a route has become a tourist product on a terri-
torial scale. It has become a major route for tourists 
visiting the area. Consequently, this infrastructure 
does not lead into a main tourist attraction, but 
there is a multiplicity of nodes of interest compet-
ing with one another all along the road. This is why 
both the stakeholders in the market and those will-
ing to integrate it try to establish connections with 
the road, adapting to the market demands, and dis-
regarding any other logic based on town planning, 
landscape, environment or culture.

Thus, a new phenomenon has emerged on the 
road. It is based solely on tourism activity: brand 
new accommodations; markets and stalls placed 
in strategic tourist areas and rest areas; and res-
taurants, all distant from population centres, their 
only support being the road itself.

The case of the ancient tighremt of Ait Ben 
Moro, in Skoura Valley, is of particular interest. 
This ancient fortified building, dating back to the 
18th century, has been restored and transformed 
into a tourist accommodation. It is placed in the 
vicinity of the road N-10, and is adjacent to the 
valley. Nonetheless, a brand new tourist accommo-
dation imitating the original has been built and is 
now in competition with the ancient tighremt …a 
clear example of a copy that aims to replace the 
historic building.

The second case shows another trait of tourism 
development at an intermediate scale. This is the 
case of N-13 road, built in 2002, bordering Erg 
Chebbi„the prelude to the Sahara Desert. For-
merly an earthen track, traffic on that road was 
then limited almost exclusively to 4 × 4 vehicles. 
Today, the road has become the main entrance to 
that landscape of dunes, one of the most visited 
and demanded products of tourism consumption 
in the country.

Figure 3. Map of the •Route of 1,000 Kasbahs• dis-
played on the website of the Moroccan National Tourist 
Office in Madrid.

combat that representation of reality, tourists opt-
ing for visiting southern Morocco will arrive in the 
region holding preformed expectations, which they 
will want to satisfy. They will expect to experience 
an illusory reality, and thus will be able to trans-
form the architectural and landscape determina-
tion of many places, although this transformation 
is at odds or goes against the values characterising 
the cultural identity of destination places.

Heightened awareness amongst all the actors 
involved in this representation of reality becomes 
essential. Mainly, in the case of public actors, who 
represent the people. Moving beyond the debate 
about whether that transformation of cultural 
expressions is appropriate or coherent, above all, 
it is important to be aware of the significance of 
those facts as well as of the mutation processes 
they may cause.

2.2 Intermediate scale

If  global processes take place and are explained on 
the Internet, infrastructures are the tools of tour-
ism development; they establish a two-way con-
nection between global dynamics and local reality 
structures.

There is a correspondence between information 
superhighways and the devices colonising and set-
tling in the territory. Just like the Internet, airports, 
roads and railways manage to reduce the physi-
cal space playing with the two fundamental vari-
ables of the equation: speed and time. Once again, 
progress revolves around those two concepts, and 
the role of infrastructures become decisive in the 
evolution of any territory.

In southern Morocco, the development and the 
impact achieved by two of those infrastructures„
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Its 60.6 km go along a rocky hamada, an abso-
lutely arid and waste landscape where the only 
references are the billboards advertising accom-
modation, and serving as an attraction and a guide 
in the middle of nowhere.

Unlike in the case of the •Route of 1,000 Kas-
bahs•, the N-13 serves exclusively as a tourist chan-
nel. It is a means and, as such, advertisements 
(Figures 4 and 5) act, in fact, as the last agents 
between global and local scales. Advertisements 
become landscape references similar to the ones in 
Las Vegas Strip. •They make verbal and symbolic 
connections through space, communicating a com-
plexity of meanings through hundreds of associa-
tions in few seconds from far away.Ž (Venturi 1977). 
Those signs mark the start of tourism experience; 
the visualisation of a representation only imagined 
until then; the arrival at the concrete.

2.3 Local scale

Still on the subject of the activity generated by Erg 
Chebbi, it is noticeable how this landscape„trans-
formed into both an experience and a consumer 
product for mass tourism„is not only booming, 
but it also hosts a settlement of tourist accom-
modations which does not respond to a plan-
ning or show a morphological structure planned 
in advance. An inappropriate land-use planning 
policy based on economic returns, combined with 
the global strategies for tourism development, and 
a system of infrastructures that acts as an agent 
of change supporting all those dynamics have lead 
to this situation in the vicinity of the wild desert. 
This is newly built tourism architecture; its typo-
logical models appropriate the original resources 
characteristic of the traditional architecture of the 
tighremt and place them where they never existed 
before, as the tighremt was traditionally located in 
valleys. The language used by these constructions„
based on the logic imposed by the tourism indus-
try„goes beyond the formal to reach the symbolic. 
Thus, •Symbol dominates space. Architecture is 
not enough. Because the spatial relationships are 
made by symbols more than by forms, architecture 
in this landscape becomes symbol in space rather 
than form in space.Ž (Venturi 1977). From an 
architectural perspective, this is the greatest poten-
tial of tourism development: its ability to culturally 
transform and redefine collective identities, given 
that architecture, as presented here, above all, uses 
symbolic resources for purposes of representation 
over style or aesthetics. This language attempts to 
give response to a generated illusion, as it produces 
a superficial complex that is sufficient to recreate 
a scenery, a setting. As mentioned before, a com-
bat for the production, dissemination, and repre-
sentation of reality and authenticity of places is 
being waged on the web; physical and architectural 
spaces are the concretisation of that conflict, the 
materialisation of that fight.

On the other hand, if  analysed in depth, it seems 
that this new hyperrealist architecture (Figures 6 
and 7) is not an isolated case limited to Erg Chebby 
area, given that the above-mentioned approxi-
mate hypothesis can also be applied to the case of 
Mgoun Valley, in the southern High Atlas. There-
fore, a more thorough reasoning might be needed 
in order to understand how the values of heritage 
architecture are changing, and how tourism agents 
are perverting it.

Heritage values are becoming distanced from 
their original sense as the advent of  modernity is 
imposing its sense. This may result in environmen-
tal and sociocultural imbalances that may affect 
significantly the development of  populations in 
the region. In Erg Chebbi, as well as in Todra, 

Figure 4. Accommodation advertisements placed in 
the direction to Erg Chebbi, in the vicinity of N-13 road 
(Natoli Rojo).

Figure 5. Accommodation advertisements placed in 
the direction to Erg Chebbi, in the vicinity of N-13 road 
(García Ruiz de Mier).
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Dades, Mgoun and Draa Valleys, territories and 
landscapes of  different natures are being affected 
and exploited by the same activity: tourism. As 
always in these situations, in the case of  Erg Chebbi 
Desert, the overuse of  natural resources involves a 
series of  risks: environmental degradation, trans-
formation and alteration of  natural values. In the 
middle of  the dunes, the establishment of  perma-
nent settlements for overnight tourists who arrive 
there on camels are composed of  groups of  faux 
Bedouin tents which are no longer nomadic, but 
have become permanent; there is no doubt about 

the profound transformation in the values of  the 
territory effected by those settlements (Figure 8). 
Also, a multitude of  quads and motor vehicles are 
on offer for tourists, which does not facilitate the 
preservation and maintenance of  the landscape„
especially when no organisation is in charge of 
regulating those activities. The consequences of 
an uncontrolled tourism development in the High 
Atlas valleys may well be even more discouraging 
given that populaces there live on the subsistence 
economy provided by oases. To them, the arrival 
of  those practices, which are introduced accord-
ing to the same patterns followed everywhere else 
in the world, may entail larger social differences 
between those integrating the new economic sec-
tor and those continuing to opt for a professional 
development connected to oases. Not to mention 
the consequences for vernacular landscape and 
architecture, which are not only the population•s 
economic support, but also„paradoxically„
one of  the main tourist attractions of  the valley 
itself.

3 CONCLUSIONS

Specific determinations and actions of the phe-
nomenon of tourism for transforming a territory 
are based on the empowerment of the different 
agents struggling to renegotiate reality, thus to 
reinvent it. This conflict starts at a global scale 
through worldwide dissemination; is channelled 
through infrastructures; and materialises in local 
micro-actions.

Not following the logic imposed by the economic 
market, and respecting the will or, at least, the cul-
ture of the populations it represents, the State can 
play a major role in this power struggle. Public 
bodies involved in management and production 
of tourism activities must assess, consider and take 

Figure 6. New tourism architecture in Boutaghrar, in 
the Mgoun Valley. The image represents the introduction 
of new buildings made of reinforced concrete and sym-
bolically based on typological models characteristic of 
vernacular architecture (Natoli Rojo).

Figure 7. New tourism architecture in Boutaghrar, in 
the Mgoun Valley (García Sáez).
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a stance in this situation, as tourism development 
seems inevitable, given that market colonialism is 
being imposed globally.

It is up to them to assess the situation according 
to a series of values and parameters different to 
those used by the private sector, or even turning 
the perspective and its processes, and transforming 
them into an opportunity.

It is therefore concluded that juxtaposition of 
politics and heritage architecture, in its broadest 
sense, whether monumental or domestic, seems 
obvious when it concerns intervening in the trans-
formation and redefinition of typological, land-
scape, territorial and, in short, cultural expressions 
of peoples.

4 NOTE

This paper presents part of the results of the 
research project: Landscape and Patrimony in 
Southern Morocco: A Proposal for the Develop-
ment of Responsible Tourism (Paisaje y Patri-
monio en el Sur de Marruecos: Propuesta para 
el desarrollo de modelos de turismo responsable, 
AP/050921/11), carried out by Lógicas Locales, 

Figure 8. Permanent camps for tourists in Erg Chebbi (Díaz del Pino).

a Cooperation Group of the Higher School of 
Architecture of the University of Málaga, Spain.

The research has received the support of the 
Spanish Agency for International Cooperation and 
Development (AECID) and the Office of Interna-
tional Relations and Cooperation of the Univer-
sity of Málaga, in partnership with the Andalusian 
Agency for International Cooperation and Devel-
opment (AACID). The following institutions have 
also participated in the project: National School 
of Architecture of Rabat, Morocco; University of 
Granada; Politechnic University of Valencia; and 
the Moroccan Ministry of Culture.
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Spatial transformation of traditional garden houses 
in Hue Citadel, Vietnam
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College of Sciences, Hue University, Hue, Vietnam
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ABSTRACT: This paper finds out factors influencing on transformation process of HTGHs (Hue Tra-
ditional Garden Houses) located in Hue Citadel area, Vietnam by the survey of 56 houses. It is found that 
transformation of HTGHs can be caused either by business occasion, population growth, clan worship, 
flood prevention, public usage and living purpose, or the combination of various causes. Besides, three 
directions of the transformations can be identified: horizontal plane, vertical plane and combined plane. 
Regarding living style, the functional usages in HTGHs have been complicatedly altered for modern life. 
However, the trend of transformation that living room, guestroom and spaces for daily living activities 
from Nha Chinh to Nha Phu can currently occur in many houses. I.e., Nha Chinh have become spaces for 
clan worship, while living activities of households are concentrating in Nha Phu. Finally, the paper sug-
gests an idea of Community-Based Conservation for these HTGHs in the future.

use. Thus, the purposes of this paper specially are: 
to identify unique characteristics of HTGHs in 
terms of spatial organization and typology; and to 
explore factors influencing transformation proc-
ess of HTGHs and their living space. Due to these 
purpose, 84 HTGHs were surveyed by taking pho-
tographs and among them, detailed survey of 56 
HTGHs began in 2009 incorporating interviews 
with residents, measurements (house layout, plan 
and section) and photographs of interiors and 
exteriors (fig. 1).

1.3 Standard layout of housing elements

Based on 56 surveyed HTGHs, standard layout of 
them can be divided into 4 parts: nha chinh (main 
house), nha phu (sub-house), garden and other ele-
ments1. nha chinh can be divided into two parts: 
gian (chamber) and chai (lean-to). The surveyed 
HTGHs can be classified into 3 types according to 
the number of gian and chai as shown in figure 2: 
1 gian-2 chai (A type), 3 gian-2 chai (B type), and 
3 gian (C type). The structure of nha chinh is nor-
mally made of timber. nha phu is usually laid per-
pendicularly to nha chinh. From the survey, there 
exist four layouts of arrangement between nha 
chinh and nha phu as illustrated in table 1.

Inside nha chinh, the rear middle gian is nor-
mally used as worship space (fig. 3). The left chai is 
spaces for men, while the right chai abutting on nha 

1 BACKGROUND

1.1 Current condition of Hue Traditional 
Garden Houses

Hue Traditional Garden Houses (HTGHs) are 
integral to the hidden charm and cultural heritage 
of Hue garden city, Vietnam. At present, many of 
HTGHs, especially those located in the Citadel 
area, are being demolished and reconfigured in 
response to urbanization, economic development, 
natural disasters and population growth (Nguyen 
et al. 2010a). The number of HTGHs in Hue city 
dropped from more than 1000 houses in the period 
of Nguyen Dynasty (1802…1945) to 331 houses in 
1998, to 318 houses in 2004 (Trn, 2005: 21), and it 
has still been continuously decreasing.

In the Citadel area, with around 100 HTGHs 
in 1998, at least three houses were converted into 
modern house type until 2007 (Nguyen, 2007b: 
237…240), and other seven houses were disap-
peared up to 2011. In terms of inestimable value, 
historical data, religious belief, and social and cul-
tural characteristics of Hue people also disappear 
with these conditions of HTGHs. This is really an 
unrecoverable loss of Hue architectural heritage.

1.2 Research purposes

It is necessary to focus on an approach for sustain-
able conservation of these houses for contemporary 
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Figure 1. Distribution of surveyed HTGHs (Nguyen & 
Kobayashi).

Figure 2. Classification of HTGHs based on number 
of gian and chai in nha chinh (Nguyen & Kobayashi).

Table 1. Arrangement between Nha Chinh and Nha Phu.

Arrangement between Nha 
Chinh (1) and Nha Phu (2) Layout I Layout II Layout III Layout IV

Number (%) 35 (62.5%) 9 (16.1%) 9 (16.1%) 3 (5.3%)

Figure 3. Functional space of a HTGH in B type (Notes: 
W … Worship; B … Bedroom; S … Storage; D … Dining 
room; G/L … Guestroom/Living room; R … Recreation; 
K … Kitchen; Wo … Working space; Ba/Wc … Bathroom/
Toilet) (Nguyen & Kobayashi).

phu, serve as storage and bedroom for women for 
their convenience in daily activities. Space in front 
of worship space is flexible. It is multifunctional 
space servicing as guest room, living room, some-
times dining room or space for taking a nap during 
the noon time. Kitchen, dining room, and storage 
are usually laid in nha phu, while bathroom, toilet, 
and space for washing are normally placed outside 
at the rear of the building. Besides, part of nha 
phu was originally used as bedroom for woman as 
well.

2 SPATIAL TRANSFORMATION 
OF •HTGHSŽ

2.1 Transformation pattern of HTGHs

Various factors have caused the alterations of 
HTGHs such as the growth of family members, 
business occasion, and space requirement for clan 
worship and flood prevention. Table 2 demon-
strates that business occasion was the most influen-
tial factor for the transformation of HTGHs in the 
Citadel area in 2007 with 33%. However, flooding 
currently is the main factor for transformation of 
HTGHs in the Citadel area with 31%. This implies 
that flooding is the greatest threat to the living 
environment of HTGHs over the last five years.

It is found that there are many cases of trans-
formations affected by co-factors. I.e., the trans-
formation of HTGHs can be caused by either 
business occasion, population growth, requirement 
of space for clan worship, flood prevention, pub-
lic usage, war consequence and living purpose, or 
the combination of various causes (fig. 4). Besides, 
three possible directions of transformation can be 
identified as well„horizontal plane (be altered by 
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adding another one-story annex), vertical plane 
(be altered into 2-story house or add a mezzanine) 
and combined plane (be altered into both horizon-
tal and vertical planes). As can be seen in figure 4, 
for flood shelter, HTGHs are always altered follow-
ing vertical plane (35 HTGHs) except for HTGH 
C12 (nha chinh was extended to 2-story structure 
for worship). The number of HTGHs transformed 
by combined causes is the most with 32 houses and 
among them, 23 HTGHs are transformed both in 
vertical and horizontal directions.

To analyze how the above causing factors influ-
ence the transformation of HTGHs, the study 
raises a transformation of house B03 as an example 
for the illustration. The house was built in around 
1910. Up to 1999, the land of this house was divided 
into several parts for sale due to financial purpose 
(left picture of figure 5). At that time, nha chinh 
had two bedrooms (B) located in two chai, worship 
space (W), storage space (S), guestroom (G) and 
recreation space (R). Kitchen (K), storage space, 
guestroom that also functioned as living room (L), 
working space (Wo) and bedroom were in nha phu. 
After the historic flood in 1999 (known as the big-
gest flood in Hue), part of nha phu was extended 
to 2-story house. The owner built two annexes in 
the rear part of the house for rent in 2002 (right 
picture of figure 5). Up till now, the function of the 
house has not changed so much. However, it seems 
that all daily activities are concentrated in nha phu 
at present, while nha chinh serves for worship and 

it becomes vacant. Thus, the transformation of 
HTGH B03 is due to the need of business occasion 
(rental rooms) and flood shelter (2-story house).

Actually, the surveyed HTGHs are transformed 
into various complicated configurations. Thus, to 
make it easy to illustrate their transformation, lay-
out 1 of arrangement between nha chinh and nha 
phu in table 1 will be used as a representative for the 
other arrangements. The original spatial organiza-
tion of a HTGH could be illustrated as picture i in 
figure 6. Under the impact of a factor, part of nha 
phu, nha phu, new building abutting on nha phu, 
separating from nha phu, or both could be altered 
(pictures ii to vi in figure 6, respectively).

Similar to the other HTGHs, the transformation 
of 56 houses can be illustrated in figure 7. The fig-
ure shows that there are 18 variations of HTGHs• 
transformation according to three directions (hori-
zontal, vertical and combination of them) and 
the impacts of six causing factors as mentioned 
above (business occasion, clan worship, flooding, 
population growth, living purpose/public usage/
war and the combination of more than two caus-
ing factors). Among those 18 variations, there is 
no case of transformation in nine variations, which 
are H-3, V-1, V-4, V-5, HV-1, HV-2, HV-3, HV-4 
and HV-5.

In each variation, HTGHs can also be split into 
different types. For example in variation H-1, eight 
HTGHs are transformed into four types based on 

Table 2. Causing factors of HTGHs• alterations.

Factors Percent in 2007 Percent in 2012

Flood prevention  17%  31%
Business occasion  33%  27%
Population growth  21%  25%
Clan worship  14%  11%
Present living style/ 

public usage/ war
 15%   6%

Total 100% 100%

Figure 4. Factors and transformation directions of 
HTGHs.

Figure 5. Transformation process of HTGH B03 
(Nguyen & Kobayashi).

Figure 6. Transformation of HTGH under the impact 
of a factor.

Vernacu_Book.indb   545Vernacu_Book.indb   545 7/31/2014   7:44:57 PM7/31/2014   7:44:57 PM



546

the location of space for the need of business ven-
ture, such as part of nha phu (A11, C01 and C13 
in H-12), part of nha chinh (B06 in H-13), a new 
separating building (A06 and C05 in H-14) and 
previous solutions (A16 and B01 in H-11).

The most complicated transformation of 
HTGHs is variation HV-6 with 20 types. All sur-
veyed HTGHs transform into vertical plane for 
flood prevention or sometimes for both flood pre-
vention and population growth. Business occasion 
is the main cause for horizontal transformation of 
them. In terms of living purpose, it is seemingly 
that this factor has influenced living environment 
of almost all of HTGHs. However, the impact by 
this factor is quite invisible and hard to recognize 
because the transformations of HTGHs under the 
impact of this factor are gradually changing.

It is found that the transformation of HTGHs 
mainly occurs in nha phu. Most of nha chinh are 
transformed for clan worship except four houses 
(HTGHs A12, A14, A18 and B06) where the own-
ers use part of or all nha chinh for business venture. 
This demonstrates that nha chinh has an important 
role in the owners• spiritual life. Due to adaptation 
for contemporary use, transformation, alteration 
and renovation in nha phu are the first priority of 
the owners.

2.2 Transformation of functional space

Regarding living style in HTGHs, this paper 
mainly discusses each functional space in nha 
chinh of the surveyed HTGHs. Information about 
functional usage in the past are collected by inter-
viewing the owners, while their current functions 
can be observed during the surveys. Figures 8, 
9 and 10 gradually illustrate functions of each 
space in nha chinh in the past and present of the 
surveyed HTGHs of A type, B type and C type, 
respectively.

Interior of nha chinh of these houses can be 
divided based on the separation between gian 
and chai and between the front and back spaces. 
Thus, nha chinh of HTGHs in A and C types can 
be divided into six spaces, while 10 spaces can be 
calculated in B type. The description of functional 
usage in past and present of each house type is as 
follows.

For A type, all HTGHs formerly placed worship 
space in the rear gian (space 2) and bedrooms in 
the rear chai (spaces 1 and 3). However, the right 
chai of six houses was originally incorporated with 
storage. Spaces 4 and 5 were formerly used as guest 
room incorporating with living room, while space 
6 could be used as storage (1 house), bedroom 
(2 houses) and recreation (1 house). At present, the 
functional usage of the original worship space still 
remains unchanged and it can be extended to its 
front space and two chai if  nha chinh becomes place 
for clan worship. Spaces in two chai (spaces 1 and 
3) mainly serve for bedroom but they sometimes 
cover with other functions such as storage, working 
space, commercial purpose and recreation. Gen-
erally, spaces 4 and 5 are mainly guestroom and 
living room in many A-type HTGHs at present. 
Space 4 can also be worship space if  the house 
becomes clan worship. Space 6 is quite flexible 
when it can serve as storage (4 houses), bedroom 

Figure 7. Physical transformation of HTGHs in the 
Citadel area (Nguyen & Kobayashi).

Figure 8. Functional usage of each space in nha chinh 
of A type (1 gian-2 chai) (Nguyen & Kobayashi).
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(2 houses), commercial purpose (2 houses), recrea-
tion (3 houses) and guestroom (2 houses).

For B type, space for worship is always in the 
rear middle gian from the past to present except 
the case of HTGH B04, where the original wor-
ship space was altered into guestroom and living 
room at present. In the past, spaces 1 and 6 usu-
ally served as bedroom for male incorporating with 
working place but these spaces currently collabo-
rate with other functions such as storage, recrea-
tion and vacant space as well. Space 2 was formerly 
used as storage such as a small book library for 
the owner, but it had been altered into bedroom 
or worship space if  the house serves for clan wor-
ship. The functional usages of spaces 4 and 5 have 
not changed so much as they are still used as bed-
rooms. However, they can become vacant spaces, 
which can be observed in two houses. Spaces 7, 8 
and 9 mainly served as guestroom incorporating 
with living room but they now undertake more 
functions due to the needs of present lifestyle such 
as worship space, dining room, bedroom, recrea-
tion and commercial purpose.

Regarding C type, the functional usages of nha 
chinh of HTGHs in this type from the past to 
present are quite similar to the case of HTGHs in 
A type. However, it is seemingly that the functional 
usages of the spaces 4, 5 and 6 are currently more 
flexible when many functions can be observed in 
these spaces.

Based on the discussion above, figure 11 illus-
trates the recommendation for present life of func-
tional usage in nha chinh of HTGHs. It is found that 
some spaces in nha chinh of all HTGHs have been 
altered for adaptation of the present living style. 
However, spaces in the middle gian, especially wor-
ship space still maintain in many houses. Accord-
ing to the interview, 93% of the owners claimed 
that the most important and solemn space in their 
houses is worship space2. Vietnamese people have 
custom and belief to respect their ancestors and 
remember their origins. Thus, this is the space to 
connect the linkage between living family mem-
bers and their ancestors. This is the reason why 
the space for worship has been maintained. If  nha 
chinh becomes space for clan worship, the original 
worship space can be extended to its franking or 
front spaces for this purpose. Spaces for guestroom 
and living room also remain in their original place 
as observed in many houses. Two chai usually serve 
as bedroom and storage, while the rest is flexible 
and they can be used for other functions such as 
working space, storage and recreation.

With regard to the functional usages in nha phu 
of the surveyed HTGHs, it is hard to discuss the 
functional usage of each space because nha phu 
of these houses have been converted into various 
configurations and the ways of their transforma-
tions are complicated. Generally, the functional 
usages of nha phu are for kitchen, storage and 
bedroom as their original functions in the past. 
However, the trend of transformation that liv-
ing room, guestroom and spaces for daily living 
activities from nha chinh to nha phu can occur in 

Figure 9. Functional usage of each space in nha chinh 
of B type (3 gian-2 chai) (Nguyen & Kobayashi).

Figure 10. Functional usage of each space in nha chinh 
of C type (3 gian) (Nguyen & Kobayashi).

Figure 11. Recommendation for functional usage in nha 
chinh due to contemporary use (Nguyen & Kobayashi).
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many houses at present. It means that nha chinh 
have become spaces for clan worship, while living 
activities of family members are concentrating in 
nha phu.

3 CONCLUSION AND SUGGESTION 
FOR FURTHER CONSERVATION 
OF •HTGHSŽ

The transformation of HTGHs located in the 
Citadel can be caused by either business occasion, 
growth of family members, requirement of space 
for clan worship, flood prevention, public usage/ 
living purpose/war, or the combination of various 
causes. Besides, three directions of the transforma-
tions can be identified as well„horizontal plane, 
vertical plane and combined plane. With these three 
directions and the impacts of six causing factors, 18 
variations of HTGHs• transformation are found. 
However, there is no case of transformation in half  
of those 18 variations. Generally, HTGHs are trans-
formed from simple to complex forms and spaces. 
These transformations mainly occur in nha phu, 
while their nha chinh have not changed so much.

In terms of living style, the functional usages in 
HTGHs have been altered due to the modern life. 
According to the field surveys, most of the own-
ers still use space in the rear middle gian of nha 
chinh for worship. This space can be extended to its 
flanking and/or front spaces if  the houses become 
space for clan worship. Guestroom incorporating 
living room is usually placed in front of worship 
space, and two chai serve for bedroom and storage. 
The rest of the space will be used for other func-
tions. nha phu is where kitchen, storage, bedroom 
and other functions can be arranged.

As mentioned above, HTGHs have been trans-
formed into various forms and it is hard to conserve 
these houses for contemporary use. Obviously, the 
destiny of HTGH is in the hands of the owner, 
who lives in the house. If he does not want to live 
in HTGH, he can sell and build a modern house for 
his living purpose or he can make changes to the 
house based on his aesthetic sense. This is one of the 
main reasons for the decreasing number of HTGHs 
in recent years. Fortunately, the owners of most sur-
veyed HTGHs have awareness to conserve and pre-
serve their houses, at least in present life. However, 
awareness is not enough for the task of HTGHs• 
conservation. The owner should not only play the 
role of an owner, but he has to play also the role of a 
protector to the values of the house. Meanwhile, the 
government sector that has responsibility to enact 
conservation regulations should understand the 
role of the owner as the principal stakeholder for 
HTGHs• conservation. Thus, the government sector 
should not only provide a motivation for the owners 

to have a good treatment to their houses, but it also 
needs to promulgate effective policies and guidelines 
for the owners to have a relevant conservation and 
preservation of their houses.

Conservation of HTGHs does not mean mere 
physical work that makes the houses look like 
•museum structuresŽ or •museum piecesŽ. These 
HTGHs are not only physical containers but also 
invisible embodiments of activities of family mem-
bers, cultural milieu and religious belief, which are 
more fundamentally rooted in life than the visible 
architectural form. Thus, further conservation 
of HTGHs means to conserve both visible archi-
tectural form and invisible embodiments such as 
living environment and lifestyle. For this discus-
sion, it needs a comprehensive study about those 
houses. Besides, some successful references about 
conservation of traditional houses in other regions 
should be learnt such as a method of communi-
ty-based conservation3. Everybody including the 
government, the owners, Hue people and other 
organizations should play the role in HTGHs• 
conservation. This is the goal of the Community-
Based Conservation of HTGHs that this paper 
would like to refer in the future.

4 NOTE

The study about layout of HTGHs can be seen 
in some previous researches such as Hoàng, T.T. 
(1999), Lê, K.A. (2007), Nguyen, N.T. (2007) and 
Nguy��en, H.T. (2008).

From the interview with 42 Hue experts about 
their attitude towards the important space in nha 
chinh, 42,4% of them selected the worship space 
that is the most important space.

This method has been widely applied for many 
cultural heritages in the world such as conservation 
of Shirakawa Gassho house in Gifu prefecture, 
Japan (Nobu, 2010). In this case, villagers play an 
important role for conservation of Gassho house. 
The villagers provided method, conservation rules, 
and implemented everything. They only reported 
to the government for legal ratification as the con-
servation village. The government did not (and 
could not) deeply interfere with the conservation 
process of the village.
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A sustainable project collaborating with inhabitants to build gangi 
(wooden arcades)

S. Nishimura & S. Terada
Niigata University, Niigata, Japan

S. Boda
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ABSTRACT: Dr. Prof. Shin-ya Nishimura has created the sustainable town planning project to preserve 
the beautiful and traditional environment of Tochio city. In this project the inhabitants and university stu-
dents are collaborating to design and build the traditional wooden arcades called locally gangi. Tochio has 
a beautiful landscape with traditional town houses and wooden arcades which are typical characteristics 
in snowy districts of Japan. Gangi are the traditional arcades for snowy districts covering the pedestrian 
spaces against the falling snow and rain. The inhabitants used to build gangi themselves. However, in 
recent years, they have not been able to rebuild these gangi. So the line of the gangi became partly broken 
and some were demolished. In this project students and inhabitants actually build the wooden arcades 
themselves and these small arcades become permanent structures that once were part of the city.

they have not reconstructed the gangi in front of 
the house.

These spaces became parking areas and the 
gangi get in the way of the cars driving in and out. 
So the lines of gangi have become partly broken 
and demolished. This is a problem for both the 
convenience of the inhabitants and also the city 
landscape. Furthermore this is also a problem of 
community sustainability.

2 ACTIVITY OF THIS PROJECT

Gangi are about 5.4 m width, 3.2 m height and 
1.8 m depth. The students, inhabitants and local 
professionals collaborate to design and build gangi 
together from March to the following February. 
These gangi are made to be a part of the beauti-
ful landscape. From March to April, the inhabit-
ants find a suitable site where the land owner will 
rebuild the gangi in collaboration in our project.

From April to May, the students and inhabit-
ants have a meeting and receive instruction on this 
project by the leader of the inhabitants of Omo-
temachi. The students and inhabitants build up 
teams, each team includes two inhabitants and six 
students and the number of teams are eight to nine. 
They survey the history, culture, and ordinary way 
of life in Omotemachi. The inhabitants and stu-
dents discuss about the design of the gangi at the 
home of the inhabitants.

1 INTRODUCTION

This is an actual town planning project in which we 
rebuild the traditional wooden arcades named gangi 
every year. It started with collaboration between the 
inhabitants of Omotemachi and Niigata Univer-
sity students studying architecture in 1997. Omo-
temachi is a small district of Niigata Prefecture of 
Japan, located in the center of City with sixty-eight 
families. Over two to three meters of snow falls in 
Omotemachi. There are traditional town houses 
and wooden arcades there that create a beautiful 
landscape. These wooden arcades are named gangi, 
and give a covered area protecting against the fall-
ing snow. The inhabitants are able to walk freely in 
spite of the heavy snow under these gangi.

The gangi are owned by each inhabitant and are 
open for the use of all the inhabitants and visitors. 
The inhabitants used to collaborate to build gangi 
about every thirty years.

Gangi would decay in about thirty years because 
the material used is local cider wood from the 
nearby hills. The maintenance of gangi is the 
responsibility of each inhabitant. The prefecture 
and the city have not given any support whatsoever 
for reconstruction and maintenance. This is the 
local traditional and characteristic way of snowy 
districts in Niigata.

In recent years, most of the inhabitants have 
become elderly and they cannot afford to rebuild 
the gangi. The town houses have been rebuilt but 
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From June to July, They discuss the new gangi 
with the inhabitants in order to create the architec-
tural image and the concept. In the university lec-
ture room, the inhabitants gather two or three times 
to suggest what they consider important in the land-
scape design and to give their opinions and requests. 
Having a common and adequate perception for the 
new gangi is important for the new students and 
inhabitants. In late July each team propose their 
design of the new gangi as a midterm presentation. 
Their design and its concept are discussed and the 
problems of each design pointed out. The inhabit-
ants and local professionals voice their concerns 
over matters such as materials or the design details.

In September, there is a final presentation for 
each team to present their designs to all of the 
inhabitants at the City Hall. The materials of the 
presentation such as models and panels are dis-
played in the City Hall for two weeks.

From October to November, the representatives 
of the inhabitants and local professionals have several 
meetings about the detailed design for the selected 
plan. They refine the design by discussing the struc-
ture, roof shape, materials and detail designs.

From December to February, inhabitants build 
the new gangi in collaboration with the university stu-
dents, and local professionals. These local profession-

als are carpenters, architects, landscape architects, 
city planners, tillers and plasterers. They work on the 
foundation, framing, roof and roof tiles. The con-
struction term is about two weeks to three months.

3 METHODOLOGY OF THE PROJECT

The forms of gangi at Omotemachi are all differ-
ent. The height and width are also different. This is 
because the gangi have been built to meet the needs 
of the business of each town house fifty years ago. 
The inhabitants built the gangi when their busi-
nesses were successful and the gangi were designed 
with good materials and fine work. In other words, 
the inhabitants had a memory of the time when 
each gangi was built.

In Omotemachi some of these gangi are broken 
and have not been repaired. Omotemachi is not an 
architectural heritage area and most of the houses 
are almost fifty to hundred years old. We had a lot 
of discussion with inhabitants to set up the method 
for this project as follows:

1. Design for new gangi in accordance with the 
activity planned for each year
Š to follow the design of the old gangi
Š to make diverse designs for the gangi
Š to make up the design code for the gangi

2. Usage of the local materials and skills
Š to use local timber and stones
Š to collect the materials themselves
Š to work with local professionals

3. Collaboration with inhabitants and students
Š to create lasting memories through design 

and construction
Š to utilize a lot of opportunities to communi-

cate with each other
Š to carry out both design and construction
Š to maintain the sustainability of the project

4. Educational program of Niigata University
Š to design and construct a gangi every year
Š to enable the participation in this project by 

fifty five students
Š to enable evaluation of the students by the 

inhabitants
Š to maintain the safety of the activity

This is an educational program named •archi-
tectural planning and designŽ. This project was 
also created as an educational program for Niigata 
University. It is for the third grade students of 
the Department of Architecture with two credits. 
Every year fifty five students select this program 
in the first semester. In this practical program, the 
students get experience as architectural profession-
als by designing and actually building gangi for one 
year each in order to recreate and preserve a beau-
tiful environment.

Figure 1. The traditional wooden arcades Gangi 
(Authors).

Figure 2. Map of Omotemachi (Authors).
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We started this project to reconstruct a new 
gangi for Omotemachi in 2000. At the present time 
we have already built fifteen gangi. The project 
is also open to the students of other universities 
and colleges. In 2002 and 2003 the students of 
Nagaoka Institute of Design worked with us and 
in 2005 Niigata Technical High School joined this 
program. In 2010, students from Dalian University 
of Technology China collaborated in the project.

We successfully carried out our project for years 
and we were awarded the following prizes: 1) The 
City Planning Prize 2001 by the Ministry of Land, 
Infrastructure and Transport, 2) The Minister•s 
Prize 2002 by the Ministry of Public Management, 
Home Affairs, Posts and Telecommunications, 3) 
Admired Model of Continuing Education 2004 by 
the Ministry of Education, Culture, Sports, Sci-
ence and Technology, 4) The Urban Landscape 
Prize 2007 by the Ministry of Land, Infrastructure 

and Transport, 5) The Architecture and Cultural 
Prize of the Hokuriku Region 2009 by Architec-
tural Institute of Japan, 6) The Educational Prize 
2009 by the Architectural Institute of Japan.

The budget for this project is twelve thousand 
euro granted by the City hall and the Government 
of Japan. It is an exceptional award for our project. 
So it is also necessary for us to receive a good exter-
nal evaluation in order to keep this budget. We have 
submitted an activity report on these prizes every 
year. Through excellent evaluations by the govern-
ment and Architectural Institute of Japan, we have 
been able to keep the budget for fifteen years.

4 CONCLUSION

We think this is one of the sustainable ways of pre-
serving and renovating the environment in collabo-
ration with the local inhabitants. In Omotemachi, 
we understand that historically, gangi have been 
built in accordance with the necessity and the situ-
ation of each era. Inhabitants used to collaborate 
to rebuild new gangi with the local carpenters. Now 
students participate in this process, on behalf  of 
some of the inhabitants. Moreover this project is 
creative and the team of inhabitants and students 
are able to design the new gangi without being 
bound to the design codes of the old gangi. Crea-
tivity is necessary for this project to be sustainable. 
We think that a good landscape and sustainable 

Figure 3. Start activity of the year (Authors).

Figure 4. Survey and discussion for new Gangi 
(Authors).

Figure 5. Midterm presentation (Authors).

Figure 6. Final presentation in the City Hall (Authors).

Figure 7. Construction of new Gangi (Authors).
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environment have to contain both beautiful shapes 
and significant meanings in their forms. And the 
inhabitants have to share and create both of these. 
They discuss, design and construct the gangi in 
Omotemachi in collaboration with the students. 
Each year various things have happened through-
out our project. In 2002 we were awarded a prize 
by the Ministry of Japan of fifty thousand euro as 
an extra prize so we could build the biggest gangi.

In 2005 and 2006, we constructed the new gangi 
with the timbers of the traditional farmers• houses 
that received serious damage from the Niigata 
Chuetsu Earthquake in 2004. In 2010 six gradu-
ate students of Dalian University of Technology 
China participated in this project. All these expe-
riences of sharing time with the inhabitants give 
meaning to the form of each gangi.

Also creativity is necessary for this project, 
especially by the students of the department of 
architecture. Only repairing the old gangi is not 
attractive and does not work proactively. We dis-
cussed these points with the inhabitants a lot of 
times and they have accepted the activity frame-
work for this project.

Figure 8. New built gangi (Authors).

We have successfully created this process as the 
sustainable way of using our time at Omotemachi. 
In Japan some shrines are rebuilt every twenty 
years.

This is the one of the Japanese methods for 
keeping professional construction skills beyond 
the generation in order for it to be sustainable. In 
other words it is possible to see that our project fol-
lows this method of sustainability in Japan.
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In dialogue with the landscape
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ABSTRACT: The buildings of •Hortobagy-EcolodgeŽ Visitor Center (Hungary) was created using 
local vernacular technology, local materials and labour. The Visitor Centre is the architectural part of a 
complex program for landscape rehabilitation, the purpose of which is to preserve the values of the land-
scape and at the same time to increase the attendance of Hortobagy National Park. The environmental 
impact caused by the construction and operation of a new public building was examined and the design 
methods based on renewable resources (Sustainable House) were introduced. The Visitor Center serves 
as an example on how to use the enery sources of the surrounding environment, like vernacular buildings 
that were built decades ago.

had put into practice the heritage, and verified that 
tradition meets modern standards.

1.1 Hungary in numbers

Hungary is a Central European country with a 
population of 9.9 million (decreasing) and an area 
of 93,030 km2. GDP is 22 635 USD/capita, the 
domestic purchasing power of the population is 
below the 40 percent of the European average.

The data taken into account during the calcula-
tion of energy needs is the following:

… winter design temperature: Š11°C
… summer design temperature: +28°C
… Heating degree days: 2771 per annum
… solar radiation: 1170…1360 kWh/m2/year

The average energy consumption of existing 
residential buildings in Hungary is the following:

… heating: 225 kWh/m2/year
… domestic hot water: 60 kWh/m2/year
… electricity: 40…60 kWh/m2/year

The energy consumption standards for new 
buildings depend on the site and on the building 
form, and must be in the following range:

… heating: 60…90 kWh/m2/year
… domestic hot water: 32…35 kWh/m2/year
… electricity: 15…35 kWh/m2/year

Because of the large gap between the existing 
average energy consumption and the expected low 
energy demand, fundamental changes are neces-
sary during the design and construction.

1 BUILDING WITH EARTH, WOOD AND 
STRAW IN HUNGARY

For centuries building with earth and wood was 
common in Hungary. Nature provided the nec-
essary resources, and these building structures 
were adequate for the climate. Load-bearing 
walls were made of  adobe or rammed earth, the 
ceiling and roof  structure were mainly built with 
wood and the roof  itself  was thatched or made 
of  local reed. This was the most common build-
ing method in the villages, and in some cases in 
towns. Even today, in the peripheries of  big cities 
like Budapest or Debrecen one can find dwellings 
with earth walls today. Straw and hay was used 
as an additive to earth (to make adobe bricks 
and rammed earth structures) in order to avoid 
cracking, and it was used for cheap roof  covering 
(Novák 1996).

The new technologies and materials of the sec-
ond part of twentieth-century dismantled these 
buildings, but a number of them had survived, and 
provide good examples for architects. The positive 
attitude towards natural materials draws attention 
again to the vernacular heritage (Novák, 2001). 
However, it is inevitable to take into account the 
modern requirements regarding safety, thermal 
performance and accessibility. From the year 2000, 
a number of strawbale homes were erected, and 
strawbale was used as thermal insulation in agri-
cultural buildings and dwellings. In addition, earth 
has a good reputation for a feeling of comfort dur-
ing summer and for a healthy indoor environment. 
The architects and promoters shown in the article 
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1.2 Brief description of local climate and nature 
regarding the project

Hungary has a continental climate with hot sum-
mers and low overall humidity levels but with fre-
quent showers and mildly cold, snowy winters. The 
average annual temperature is 7.9°C, average high 
temperature in summer is 23°C to 28°C and aver-
age low temperature in winter is Š3°C to Š7°C. The 
average yearly rainfall is approximately 600 mm.

The location of the project is at the edge of Horto-
bagy. Hortobagy is an 800 km� national park in East-
ern Hungary, rich in folklore and in cultural history 
and was approved as a World Heritage site in 1999. 
The Hortobagy is Hungary•s largest protected area 
and the largest semi-natural grassland in Europe. It 
is a steppe, a grassy plain with Hungarian grey cat-
tle, Racka sheep, water buffalo and horses. It provides 
habitat for various kinds of species including 342 spe-
cies of birds. The area is an important stopover site 
for migrating common cranes, dotterels, and lesser 
white-fronted geese. Hortobagy is also a centre for 
the breeding of taurus cattle, taking part in one of 
several ongoing attempts to breed back the aurochs.

The project presented in the article is located in 
such a unique landscape (Fig. 1).

2 THE PROJECT: •HORTOBAGY-
ECOLODGEŽ VISITOR CENTER, ITS 
FUNCTION AND ENVIRONMENT

2.1 Description of the site of the project

The site is at the edge of the urban zone near Bal-
mazujvaros, directly adjacent to the Hortobagy 
National Park. The area is known as the •Big 
SalinŽ and it is periodically flooded by local water 
sources. Some special features of the landscape are 
the salt enriched soil, the seasonally flooded area 
during specific times of the year and the particu-
larly rich flora and fauna (Fig. 2).

The unique flora and fauna were substantially 
endangered in the 1960s, when the communist idea 

was to transform the nature, and to drain the lake 
system. In addition, over the past 30 years, the 
number of grazing livestock gradually fell along 
with the significant values of flora and fauna.

2.2 Stopping the landscape destruction

In order to ensure the long-term development of 
the landscape, a complex conservation program 
was developed by the research team of the Hor-
tobagy National Park. The wildlife is considered 
necessary for the rehabilitation of the landscape, 
by influencing and shaping the land. The former 
hydrological conditions could also be restored.

As part of a related landscape development 
project in 2009„within the framework of a LIFE + 
project„a unique 2,034 acres saline area was trans-
formed by burying the sewage canal system. It was 
also necessary to revitalise the traditional grazing, 
in order to provide good natural mixture for the 
original steppe (Figs. 3…5).

The problem of today is that grazing manage-
ment alone is not economically sustainable. It was 
important to increase the number of species of 
livestock (eg 100 ewes Racka were settled), and this 
brought to life which was once called •the edge of 
the village grazing system".

These agricultural elements of the project have 
now achieved spectacular results. Invasive wetland 
vegetation has decreased dramatically. However, 
the general problem of the high-value area is that 
the landscape must be kept in its original form and 
the local economy usually cannot develop.

Despite the high environmental value, visitors 
who want to see this unique natural site cannot find 
adequate infrastructure. The innovators developed 
a plan to improve this situation and began building 
the visitor center. The declared aim of the project 
is to meet the sustainability criteria, to adapt the 
function and implementation of the building to 
local resources and values (Medgyasszay 2012).

Figure 1. The view of Visitor Center from the parking 
lot (Authors). Figure 2. The Great-Saline. Aerial view of the site in 

between the last street of the town and the Hortobagy 
National Park (Authors).
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The future hotel will ensure the economic sus-
tainability of the center and will help to show 
the environment and the unique flora and fauna 
(Medgyasszay 2013).

During the design process beyond general design 
principles, the following site-specific conditions 
were considered„beyond overall design principles:

… low environmental impact on the landscape
… least possible disturbance of the unique soil 

structure
… site specific foundation for the building
… proper orientation for passive solar principles.

In terms of materials:

… use of local materials which traditionally were 
common for centuries in the area: adobe, straw, 
wood, tiles

… use of local labour which is familiar with tradi-
tional solutions

… use of traditional principles and techniques to 
ensure low energy consumption

… application of advanced and cost-effective engi-
neering solutions, highly insulated structures, 
effective ventilation system

… application of renewable resources in terms of 
building materials and energy sources.

3 THE PROJECT IN DETAILS

3.1 The architectural layout

The two main elements of the visitor center are 
the nest-shaped demonstration center and the bird 
shaped accommodation building.

Both elements are located in a peninsula-like 
rampart in order to be close to the saline lake, 
which is rich in birdlife. An important principle 
of the concept was that the greenery and the pave-
ment elements create a harmonious transition 
between the edge of the urban area and the rural 
salt meadows (Fig. 6).

The first phase of the demonstration centre was 
implemented into an EU-financed •competitive 
tourism products and attractionsŽ program. The 
design period started in 2005 and after making 
several changes the authorities accepted the final 
project in 2009. The construction started in 2012, 
and was finished in 2013. During this period, legal 
restrictions endangered the original idea. At one 
point there was a need by authorities to change all 
the materials to commonly used industrial prod-
ucts, and neither wood, nor adobe or strawbale 
was allowed. However, fortunately the original 
plan had succeeded in the end.

Visitors are received in a two-building complex, 
with a small restaurant and kitchen on one side, 
the reception, auditorium and other functions on 
the other side. Both buildings have a big sheltered 
terrace with a view to the surrounding nature. The 
two buildings form an inner yard where an artifi-
cial lake was created, which has intermittent con-
nection with the great-saline area.

Buildings with similar form and color (like barns, 
homesteads) can still be found in the area, but this 
plan shows a new architectural value in term of 
arrangement and shape. One end of each building 
is lower by 80 cm than the other. This arrangement 
of curved walls results in a sense of fake perspec-
tive, and this very interesting effect is increased by 
the enclosed space of the two buildings.

Near the entrance is the car park, from there a 
slight ramp leads to the buildings of visitor centre. 
The large covered terrace and long porch provide 
access to the reception, library, and restaurant and 
exhibition area. All the facilities are accessible for 
people with disability (moving-, visual„or hearing 

Figure 3. The •MangalitzaŽ pig belongs to European 
unimproved lard-type breeds as well as Iberian Black 
and Alentejana pigs. The Hungarian grey cattle belongs 
to the podolic cattle.

Figures 4…5. Birds of the Hortobagy National Park. 
(Oláh János).

Figure 6. Site plan. (Authors).
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impairment). Even the kitchen is designed for intel-
lectually disabled kitchen helpers.

The exhibition area is a large (93 m2) space, which 
has an open attic in order to create good acoustics and 
provide enough fresh air for a larger group of visitors 
during a conference or other meetings. It has a direct 
link with and a great view of the meadow. The other 
building includes two functions: the restaurant and the 
serving background functions (kitchen, storage room, 
boiler room and office room). The area is directly con-
nected to the large terrace overlooking the open land, 
and has direct connection with the exhibition area. 
One of the key elements of the project„in economic 
terms„is the accommodation building, which has not 
been realized yet, as the owners were not able to find 
financial sources. This building will have a shape of 
bird, with spread wings, where each wing contains eight 
double-bed hotel units. The guest rooms are reached 
via a covered porch. Each room has a partially covered 
terrace and a wide view of the great-saline. Guest areas 
are partially covered with nets, in order to protect them 
from mosquitos of the shallow water surfaces. Some 
rooms are wider and complete with special bath unit, 
which offer proper accessibility for handicapped users. 
The central part of the building„between the wings„
forms a bird-head and serves for other purposes neces-
sary for the hotel function.

3.2 Selected materials and structures

3.2.1 Foundation
The primary consideration during the choice of 
materials for the visitor center was to find materi-
als and structures which are adequate and fulfill 
the life cycle test. Under the foundation of the 
buildings the landfill material was extracted from 
a nearby fishpond, so the soil used for filling was 
similar to the local soil. Due to the deep loadbear-
ing soil level and the considerable size but smooth 
movement of the underground water table, it was 
necessary to use pile foundation and beam grid 
under the walls. The beam grid structure should be 
highly insulated due to low energy demand of pas-
sive house criteria (Figs. 7…8).

3.2.2 Supporting structures, masonry
The outer wall structure is constructed from wooden 
post and beam structure. The wooden •ladderŽ frame 
consist of 10/15 cm poles at the inner side and 5/10 cm 
poles at the outer side at the average of 90 cm distance. 
The 15 cm thick adobe wall is positioned between 
the wooden loadbearing columns. The adobe bricks 
are hand-made by local workers. The outer side of 
the walls are insulated with 35 cm thick strawbales 
harvested and collected from the nearby fields. This 
thick straw insulation layer has to be attached with a 
special auxiliary structure. The 5/10 cm columns were 
installed to solve this issue (Fig. 9). This means that 

Figure 7. Cross section of external wall, showing the 
details of foundation, window and roof (authors).

Figure 8. The picture of structure before the masonry 
work (Authors).
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the heat transfer is very low, the U value of the struc-
ture is 0.16 W/m2K.

To create a good outer finishing surface another 
wooden lathing was added, arranged by 40 cm and 
a metal mash was strained. This layer is also neces-
sary, because without it, it is difficult to control the 
plaster thickness (Novák, 2002).

Past experience showed that without lathing, up 
to 10 cm thick plaster had to be done in order to 
create a plane surface. The battens and metal mesh 
covered with three layers of plaster are. The first 
layer is a rough loam plaster, and then a 0.5 cm 
thick lime mortar plaster is put the walls. The third 
layer of lime mortar plaster on the outer side is fin-
ished by lime wash (Fig. 10).

3.2.3 Roof, doors and windows
During the design process, the first version of 
roof system was designed using reed for thatched 
roof for architectural reasons. However, fire safety 
standards and secure placement of the solar panels 
changed the idea into roof tiles. The ceramic floor 
tiles, brick, wood and stone, the whitewashed side-
walls and lime mortar dominate the appearance of 
the building. The colors of the windows and doors 
are locally common and all these are made from 
wood using highly insulated glass surfaces.

3.2.4 Mechanical systems
The construction had to meet the following require-
ments, due to the function of the building:

… low energy demand for heating and cooling,
… domestic hot water production using solar 

energy,
… effective ventilation in the kitchen and other 

areas,
… electric lighting from solar PV-s,
… environmentally friendly treatment of 

wastewater.

3.2.5 Heating and Cooling
The building is not in use in winter due to the life 
cycle of nature. The return of investment is not 
comparable with other buildings that are in use all 
the year-round: though the building costs are the 
same, the potential solar gains are reduced by this 
fact compared to a permanently heated building. 
Due to the •sustainable houseŽ concept, the bio-
mass-fueled heating system was a clear choice. The 
heating of the two buildings and the domestic hot 
water system required 25 kW output. The system is 
designed for burning wood chips for the boiler, and 
from there the distribution system transports the 
heat to the heated areas. The whole system is based 
on a weather sensor control system.

According to our calculations, there is no need 
for summer cooling system because there is no risk 
of summer warming, thanks to the big shading 
overheads, good natural ventilation capability, and 
the thermal mass of the floor and adobe walls.

During the design process, we calculated the 
technical possibility and the potential economic 
benefit of using a heat recovery ventilation system. 
Finally, instead of using heat recovery ventilation 
in the entire building, only the kitchen hood is 
designed in this way, and toilets are equipped with 
timed extractors.

3.2.6 Domestic hot water production
The roof was designed originally as a thatched roof, 
using the local reed from nearby sources, and work-
force from the town. During the design process this 
idea had changed, because burnt roof tiles had the 

Figure 9. The picture of handmade adobe bricks 
between the wood posts (Authors).

Figure 10. The picture of walls after the first layer of 
plaster was put on (Authors).
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advantage of good potential of rainwater collection. 
The tiled roof also provides better possibility to place 
the solar collectors„which are necessary for the 
low-energy consuming domestic hot water system„
onto the south-facing roof. This solution ensures the 
majority of the domestic hot water demand during 
the operation period. The huge red-colored tiled 
roof emerges above the white walls and green fields, 
meanwhile fits to the surrounding street view, and 
reflects to the Hungarian colors: red-white-green.

3.2.7 Electricity
Kitchen ventilation and the cooking technology 
(stove and oven), refrigerators and the ventila-
tion system are operated with electricity, and all 
these create the significant part of the peak load. 
In most parts of the Great Plain the solar gains 
show a high value: there is no shielding effect of 
the clouds like in other urban areas. The car-park 
shading system was designed as a pergola, offering 
excellent place for 16 kW solar PV cells (Fig. 11). 
The given solar power panels• capacity covers the 
annual electricity demand but in different temporal 
distribution, the overall the energy gains and con-
sumption are balanced.

3.2.8 Lighting and other appliances
During the planning phase, we used a rule of 
thumb: to offer a good natural lighting during the 
day in order to reduce the electrical power needs. In 
terms of artificial lighting, we tried the application 
of energy-saving solutions, such as fluorescent, 
compact fluorescent and LED technology units.

3.2.9 Waste water system
Kitchen and toilets need running water; therefore, 
the treatment of wastewater is a planning issue. We 
did some calculations and measurements that clearly 
showed that we have to use the sewage system pro-
vided by the town. However, thanks to the water-
saving solutions and the well calculated rain-water 

collectors, we feed the toilet flush from the rainwater 
tanks, and only the decreased amount waste water 
runs down to the urban sewage system.

The building was qualified to take part in the 
•Holcim Awards for Sustainable Construction 
2011Ž international competition. In 2011, the jury 
received 6,000 entries, and among these applicants, 
this project has been qualified for participating in 
the second round of evaluation among 600 entries. 
We consider it as a success for the Hungarian 
architects who are working with adobe and straw-
bale at their projects.

4 LESSONS TO BE LEARNED

In terms of the buildings• energy use and the origi-
nal expectations, the •sustainable housingŽ goals 
were fulfilled. According to approximate calcula-
tionswhich are based on similar building models in 
terms of function and size, the computer program 
calculated in advance the net heating demand to 
be around 34 kWh/m2/year. It meets the current 
36 kWh/m2/year values based on measurements. 
If  we count the solar power production from the 
PV panels the overall building energy performance 
is 13 kWh/m2/year (Medgyasszay 2012).

This project clearly demonstrates that the well-
founded, specialised knowledge of site-specific 
materials and methods is essential if  we are work-
ing on a protected, natural reserve area.

And what is more, the well designed building 
which take local resources as a basis is in harmony 
with the landscape. Good design maximises the 
benefits of sun, wind and of precipitation. Fur-
thermore, it is evident that the high-tech methods 
are not in conflict with traditions.

Our ancestors acted similar: they used developed 
technics and counted environment as a potential 
source of energy, material, and labour force, and 
they took into account the future needs of the next 
generations.
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Diagonal tests on adobe panels reinforced by traditional and innovative 
anti-seismic retrofits

D. Omar Sidik, F. Ridolfi, L. Rovero & U. Tonietti
DIDA Department of Architecture, University of Florence, Florence, Italy

ABSTRACT: Soil is a widespread construction material in seismic contexts also, even if  its inherent 
mechanical characteristics are less suitable to face strong dynamic loads. However shape, technology, 
and the non-predominant materials may affect for the better the performance. This paper presents the 
outcomes of a diagonal-test campaign on in-scale adobe masonry panels, that studied the effectiveness 
against in-plane horizontal actions of two different reinforcement strategies. One laces horizontally the 
wall with wooden rods. This approach belongs to many traditional building cultures. The second strat-
egy strengthens the walls with meshes or fabrics. Here the sustainable use of natural fibres has been 
privileged. The main mechanic parameters and the crack patterns obtained from the campaign have been 
documented and compared. The results are then used to evaluate the effectiveness of such systems and to 
provide a first definition of the parameters usually required by building codes.

resources• use to the environmental conditions. The 
local cultures must be preserved and documented, 
but also studied in order to capitalize the knowledge 
of such optimizations (Rovero et al 2009, Rovero & 
Tonietti 2012, Fratini et al 2011, Baglioni et al 2012, 
Gamrani et al 2012).

The earthen material exhibits poor mechanical 
properties (low compressive strength and no tensile 
strength). However, the earthen material have undesir-
able properties such as loss of strength when saturated 
with water, erosion due to wind or driving rain. Poor 
mechanical properties are even more dangerous in the 
case of seismic risk, because the earthquake results in 
high values of stress in the constructions. Improving as 
much as possible the strength and the durability of any 
material used for structural purposes is fundamental. 
With raw earth, that is pursued mainly by compacta-
tion and stabilisation. The stabilization can eliminare 
many drawbacks of the earthen material. The materi-
als most commonlly used for earthen stabilization are 
cement (in opposition to the ecological nature of the 
earthen material), lime and many natural materials 
(used especially in the past) as animal excrement, ani-
mal blond, animal fur and hair, casein, termite hills, oil 
and fats, ashes (Huben and Guillaud, 2005).

However, for what concerns structural safety, 
risk mitigation is not only a matter of material. 
No material is anti-seismic itself: safety is rather 
an attribute belonging to a certain building in a 
certain context. Shape, techniques, detailing and 
non-predominant materials and components may 
dramatically change the structural behaviour of a 
masonry building. In many instances, traditional 

1 INTRODUCTION

It was calculated that today about one third of 
mankind dwells or works in earthen buildings 
(Dethier 1982, Oliver 1983), mostly in underdevel-
oped countries even if  this kind of constructions 
are widespread all over the globe in form of rural 
and poor settlements (Oliver 2003) as well as his-
toric monumental heritage (UNESCO 1982) and 
contemporary innovative architectures (Minke 
2006). In less industrialised contexts the use of tra-
ditional materials and labour-based processes is a 
necessity rather than a choice and the result are ver-
nacular non-engineered structures built without the 
supervision of a trained architect or engineer. Such 
aspects add further vulnerabilities to the already 
low structural performances of the soil and make 
the buildings more exposed to natural hazards, in 
particular to earthquakes that repeatedly strike 
regions where earthen architecture is diffused. 
Considering the number of inhabitants involved all 
over the planet and the unlikeliness for this situa-
tion to change soon, it is then urgent to research 
on faisable strengthening systems for earthen 
constructions instead of promoting a sudden and 
utopic replacement of this building stock with a 
•modernŽ one. Beside, earthen buildings present 
a number of advantages in terms of sustainability, 
with reference to its social, economic and ecologic 
meaning and recent trends in construction already 
changed to prefer natural and non-toxic materials 
to build healthy environments. Local building tech-
niques evolved over the centuries and optimized the 
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constructive cultures developed strategies against 
earthquakes, using materials and products related 
to their lands, frequently including raw earth 
masonry and wood (Omar Sidik 2013).

This research focuses on the strengthening of 
earthen masonry panels through the employ of 
faisable, sustainable and mechanically compatible 
systems. Two strategies have been selected for the 
experimental investigation described in the present 
paper: wooden elements to lace horizontally the wall 
and natural fibres in form of fabric applied on the 
external surfaces of the wall. The first is borrowed 
from the Mediterranean culture, probably originated 
from Asia Minor and disseminated by the Ottomans, 
while the other generated in modern times in the 
wake of innovative products such as fiber-reinforced 
composites (FRP). The two roads come from differ-
ent origins and lead to different behaviours.

This paper documents the diagonal tests on in-
scale adobe panels, which are part of a broader cam-
paign, carried out at the laboratory of Dipartimento 
di Architettura of the University of Florence.

2 THE REINFORCEMENT STRATEGIES

2.1 Timber-laced •hoopingŽ systems

The use of wood to reinforce earthen buildings 
begins far back in time. It starts in the ancient cul-
tures near the Mediterranean basin and the geo-
logical active belt that includes Balkans, Persia and 
finally Indo-Himalayan countries (Langenbach 
2006). A basic classification distinguishes between 
•infill-frameŽ and •timber-lacedŽ structures. Infill-
frame is based on a timber frame combined with 
adobes or light twigs supports plastered with mud; 
timber-laced relies instead on horizontal wooden 
bars that lace the earthen masonry walls. Here the 
timber-laced type has been selected because earthen 
masonry is still the main resisting part of the wall. 
Some fundamental references are: the turkish hatil, 
the kashmiri taq, the pakistani bhatar and the 
ground floors of the himalayan koti banal (Omar 
Sidik 2013). The timber-lacing was mostly supplied 
as continuous device along the length of the wall 
and connected at the corners in order to embrace 
the wall-box and have an hooping effect, inserted as 
ring beam or every few courses of adobe. A scheme 
for this kind of retrofitting approach (IAEE 2004) 
has been also integrated in some standards for low 
strength masonry (Indian Standards IS:13827-
1993) and a number of craftsman manuals recently 
developed within the UN-Habitat project (ERRA 
2008). The reinforcement proposed here consists in 
a couple of long wooden members of square cross 
section connected to each other by orthogonal 
members of the same section regularly spaced, to 
form a •ladder likeŽ frame (Figure 1).

2.2 Natural fibres mesh system

The use of fibers in form of meshes, nets or fabric is 
relatively recent in the field of structural engineering 
to retrofit both RC and masonry structures. This kind 
of devices is known, in the most spread version, as 
FRP and it is composed by continuous fibers of car-
bon, or glass (etc.), embedded in a polymeric matrix, 
such as epoxy resin. The use of composite materi-
als opened the way for a new approach to masonry 
modeling, especially in anti-seismic design. In order 
to increase the compatibility of the retrofitting with 
such structures, other materials are being tested and 
commercialized for the fibers (as steel, basalt, PBO) 
as well as for the matrix (i.e. special concretes, limes, 
gypsum). Regarding adobe masonry, the PUCP 
committed itself into a long-time campaign to select 
structural appropriate and still low-cost materials to 
protect the many Peruvian earthen dwellings, with the 
urgence given by their highly seismic country. Such 
reinforcement employed poor materials as metal wires 
or polymer meshes, commonly used for animal fenc-
ing in rural context (Blondet 2008). The use of the 
meshes in earthen construction mostly implies a very 
low-strength and tension-diffusing strategy. These 
efforts contributed in saving human lives and have 
been partly used for the development of the ultimate 
version of Peruvian Building Code (Blondet 2006).

The tests described in this paper are based on 
the use of natural fibres meshes of vegetal origin 
(namely jute in this case) embedded in a layer of 
earthen mortar. This kind of fabrics are already 
commercialised and used for geotechnic stabi-
lisation purposes. The dimensions of the gapes 
normally vary between 0.5 and 2.5 cm. Their avail-
ability worldwide is ensured by the fact that the 

Figure 1. Scheme of the wood-based reinforcement sys-
tem tested in the experimental campaign (Authors).
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specific mechanic qualities of a mesh is of second-
ary importance for the ones of the reinforcement, 
that are strongly influenced by the performance of 
the earthen matrix and by the eventual anchorage 
system. Here, the reinforcement consists on the 
strengthening of the two entire faces of the wall 
with two meshes connected by a number of ropes 
that regularly cross the thickness of the wall. Being 
applied to the external surfaces, the reinforcement 
strategy can be also proposed to retrofit already 
existing buildings and can be easily substituted 
when no longer effective (Fig. 2).

3 EXPERIMENTAL CAMPAIGN

3.1 Specimens

The reference procedure used in this work are 
the RILEM TC 76-LUM (RILEM 1994) and the 
ASTM E 519-07 (ASTM 2007). For the experi-
ments, five 40 × 40x8 cm panels were made, using 
1:5 scaled hand made adobes and earthen mortar. 
The specimens represent a portion of a 1:5 scaled 
masonry wall made of header adobes. The ASTM 
procedure suggests the use of 120 × 120 cm pan-
els, but is open to customization if  necessary, only 
prescribing the square aspect ratio and the dimen-
sions of the foot and head support in proportion 
(
) with the side length of the panel. Unreinforced 
specimens DT1, DT2 and DT3: they were simple, 
unreinforced square panels.

Wood reinforced specimen DTW: the panel 
includes a wood reinforcement layer, put in place 
during the construction stage, made of linden ele-
ments (cross section 1 × 1 cm) that reproduces in 
scale the original prototype.

In the model, the wooden elements are con-
nected together with small size U-shaped nails. 
Two 40 cm elements are laid on the external sides 
over a course of bricks, connected by a number of 
orthogonal elements regularly disposed with an 
average distance of 8 cm. The spaces inside this 
•ladder-likeŽ structure were filled with adobe frag-
ment of different sizes and earthen mortar, then 
another course of adobes was laid to continue the 
regular construction of the panel. It has be chosen 
to insert only one reinforcement layer in the half  
height of the panel, in order to better quantify its 
contribution (Fig. 3).

Mesh reinforced specimen DTM: the panel was 
reinforced with jute meshes applied on the two 
sides with a 300 g/m2 fabric with three threads per 
cm in both orthogonal directions. The two plaques 
of fibres and earthen mortar were connected one 
another by ropes laid in the mortar joints every 
three courses during the construction. The ropes 
were first knotted tight to the mesh, then the mor-
tar layer was applied. The meshes were spread with 
a special care to attain the already tensed position 
before to drown them in the mortar (Fig. 4).

3.2 Tests and outcomes

The aim of the diagonal tests is the evaluation of 
the shear behavior of a masonry panel. It is per-
formed on square panels which are loaded with a 
compressive force along one of the diagonals. The 
results obtained during the tests were processed 
as required by ASTM code and are basically the 
shear stress-angular strain diagram, from which 
the shear strength 
 0, the shear elastic modulus G, 
the kinematics ductility µc and the available kin-
ematics ductility µcd were determined.

The procedure is based on the assumption that in 
the centre of the panel a pure shear stress is present.

The Mohor•s circle is then centred in the origin 
of the � -
  system, and the shear stress 
  is then 

Figure 2. Scheme of the reinforcement system based on 
the natural fibre meshes (Authors).

Figure 3. Making of the DTW specimen, with the •lad-
der-likeŽ layer at half  of its completion (Authors).
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equal to the principal stress � . Although the DTW 
panel is not an homogeneous material (nor an 
homogenisable one like a generic masonry) due 
to the wood reinforcement layer, the test was per-
formed for the sake of comparison and for investi-
gate its post-crack behaviour.

For the test the specimens were rotated 45° and 
put under the press (Fig. 5). The foot and the head 
support made of steel were designed to guarantee 
an homogeneous and continuous distribution of 

the load along the diagonal. To better achieve it, 
a layer of gypsum plaster was spread between the 
earthen corner of the panel and the metal support.

Two displacement transducers were positioned 
on the upper plaque of the metal head support in 
two positions and four �  strain gauges along the 
diagonals on both sides of the panel.

All the panels tested, both reinforced and unre-
inforced, developed step cracks along the mortar 
joints, mainly in the direction of the compressed 
diagonal. None of the adobe blocks was damaged.

The unreinforced adobe panels DT exhibited 
essentially concentrated cracks along the horizon-
tal and vertical mortar joints corresponding to the 
main diagonal (Fig. 6a).

In the sample DTW, the layer of wooden bars 
produces a different behavior: vertical cracks start 

Figure 4. The DTM specimen while the plaster layer 
was drying; the meshes• prolongations have been then 
trimmed (Authors).

Figure 5. Scheme of the settings for the diagonal tests; 
two displacement transducers and four �  strain gauges 
were used (Authors).

Figure 6. Crack patterns of the DT1 (one among the 
three unreinforced panels tested), DTW and DTM speci-
mens (Authors).
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from the edges of the load metal plates, propagat-
ing along the mortar joints and terminating near 
the wooden bars. In this sample, a slight detach-
ment of the masonry from the wooden bars 
occurred since the masonry slides on them. It is 
evident that the presence of the wooden bars pre-
vented the spread of a continuous fracture along 
the main diagonal (Fig. 6b).

The crack pattern of the specimen DTM is 
peculiar: at the beginning, a continuous thin verti-
cal fracture appeared, and then, in the post-peak 
phase, a lot of parallel thin fractures occurred 
progressively near to the first one, highlighting 
the gradual process of stress transferring from the 
adobe masonry to jute net (Fig. 6c).

The strain along the two diagonals, � v and � h, 
were computed starting from the displacement 
surveyed by the �  strain gauges. Shear stress 

  was computed from the values of applied load 
N, obtaining the 
 -� v and 
 -� h diagrams, shown 
together in Figure 7a; the shear strain �  = � v + � h 
was then used to plot the 
 -�  diagram, shown in 
Figure 7b. On the basis of the prescribed reference, 
shear stress value 
 e = 
 0/3, the secant shear modu-
lus G has been calculated (Table 2).

The kinematic ductility µc = � max/� l and the avail-
able kinematic ductility µcd = � u/� max of the tested 
panels were then computed (Table 3).

3.3 Discussion

The three cases studied behaved differently. The 
DTW specimen abandoned earlier its linear behav-
iour. Since the beginning of the test it was less 
stiff, then it developed an higher kinematic ductil-
ity. The change from linear and non-linear behav-
iour was gradual. This was due to the process of 
detachment of the wood-masonry interface that 
began soon and allowed always bigger displace-
ments. The cracks along the diagonal only devel-
oped at the reaching of the applied peak load. In 
term of shear strength, the reinforcement system 
provided no improvement. In the diagrams related 
to the DTW panel, the post peak phase shows a 
drastic fall of load strength capacity. The wood 
reinforced specimen developed an interesting 
crack pattern. The presence of the wooden inter-
ruption contrasted the propagation of the cracks. 
This phenomenon implies a series of advantages 
regarding the safety of the structure during and 
after the seismic event.

The DTM panel had an evident increase in term of 
shear resistance, but in the pre-peak phase the mesh 
did not influence the shear stiffness of the specimen, 
as well as the kinematic ductility. In the test per-
formed, the jute reinforcement seemed to start func-
tioning immediately. The development of the shear 
diagonal crack occurred when the maximum applied 

Figure 7. Superposed 
 -�  and 
 -�  diagrams of DT1, 
DTW and DTM specimens (Authors).

Table 1. Experimental results.

Specimen Max Load N 
 0 MPa 
 u (80%) MPa

DT1 5766.31 0.127 0.102
DT3 5800.63 0.131 0.105
DTW 5912.96 0.131 0.105
DTM 8947.06 0.198 0.158

Table 2. Experimental results.

Specimen � e MPa Ge MPa

DT1 0.043 353.890
DT3 0.044 193.610
DTW 0.044 251.070
DTM 0.066 481.230

Table 3. Experimental results.

Specimen � u (80%) � max µc µcd

DT1 0.002 0.001 1.811  2.004
DT3 0.004 0.002 1.891  2.105
DTW 0.006 0.005 2.584  1.199
DTM 0.008 0.001 0.994 10.256
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load was reached. It corresponded with the crack-
ing of the masonry panel, and to the consequent 
transferring of tensile stress to the fibre-reinforced 
plaques alone. DTM performed a very prolonged 
post-peak phase, with a smaller loss of load capacity, 
as confirmed by the value of the available kinematic 
ductility that is higher than the ones of both the 
unreinforced and the wooden reinforced specimens. 
This phase is associated to the gradual detachment 
of the earthen matrix of the reinforcement from the 
masonry support, documented by the diffused micro-
cracks emerged on the plastered surface. The system 
sacrifices different portions of the plaque, one after 
the other. At the end of the test, the fragmented and 
detached surfaces of plaque extended for a strip of 
around 8…10 cm from the main crack.

4 CONCLUSIONS

This paper presents the outcomes of a diagonal 
test campaign over in scale adobe masonry panels. 
The two reinforcement strategies proposed alter 
the in-plane behaviour of the panels in a very dif-
ferent way. The most interesting aspect is the influ-
ence of the reinforcement in the crack pattern. 
The wood reinforcement interrupts the continuous 
development of the cracks and then exert a form 
of control over them. However, the influence of 
this strategy could have been highly enhanced if  
the whole wall box was considered instead of the 
isolated panel only. The meshes add instead tensile 
strength to the two faces of the panel and allow a 
distribution of stress. This can be summarised as 
an improvement, or compensation of the masonry 
material. One advantage of the full wrapping of 
the wall is that the contribution of the fibres can be 
included in a homogenised modeling, and the rein-
forced masonry can be controlled easily enough 
with a revision of the mechanical parameters. The 
diagonal tests demonstrated that the mesh con-
tributes with an increase of around 50% in terms 
of shear strength, plus the otherwise absent non-
linear ductile phase. Once the masonry is cracked, 
the reinforcement plates continue their action for a 
certain extent, spending the cohesive energy of the 
plaster matrix, and relying on the tensed fibres.
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Sustainability evaluation of materials in architecture
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ABSTRACT: The use of materials in architecture is lacking a systematic approach allowing the adequate 
comparison of performance from well established criteria and international standards. Sustainability of 
materials in architecture requires a thorough analysis on the concepts of the ecology of contemporary 
construction, and the relevance for the final user. This effort involves standards and databases for defin-
ing attributes for our existing buildings. After considering all relevant information a Life Cycle Analysis 
(LCA) approach is introduced for the correct evaluation of materials in the sustainable building. This 
paper provides a systematic approach to this evaluation. The impact of hybrid materials is also explored 
as an alternative strategy for the architectural use of materials today. At the final stage the relevance of 
materials is performed through commercial software solutions and incorporated to the design. Relevant 
conclusions are identified for the design and use of new materials in architectural design.

early seventies, and focused on issues such as energy 
efficiency, the consumption of raw materials and, to 
some extent, waste disposal. Because of this, there 
was little distinction, at the time, between inventory 
development and the interpretation of total associ-
ated impacts. The period 1970…1990 comprised the 
decades of conception of LCA with widely diverg-
ing approaches, terminologies, and results.

In the second period standards began to settle. 
The 1990s saw a remarkable growth of scientific 
and coordination activities worldwide, which is 
reflected in the number of workshops and other 
forums that have been organized in this decade 
and in the number LCA guides and handbooks 
produced. Also the first scientific journal papers 
started to appear in the Journal of Cleaner Produc-
tion, in Resources, Conservation and Recycling, in 
the International Journal of LCA, in Environmen-
tal Science & Technology, in the Journal of Indus-
trial Ecology, and in other journals.

Through its North American and European 
branches, the Society of Environmental Toxicol-
ogy and Chemistry (SETAC) has set a framework, 
terminology and methodology for LCA. Next to 
SETAC, the International Organization for Stand-
ardization (ISO) has been involved in LCA since 
1994. Whereas SETAC working groups focused 
at development and harmonization of methods, 
ISO adopted the formal task of standardization of 
methods, and procedures. There are currently two 
international standards in place:

… ISO 14040 (2006): Environmental manage-
ment; Life cycle assessment; Principles and 
framework.

1 BACKGROUND FOR SUSTAINABILITY 
IN ARCHITECTURE

1.1 Relevance

As the architectural and construction industries 
increasingly emphasize sustainability, more com-
prehensive methods are being developed to evaluate 
and reduce environmental impacts by buildings. Life 
Cycle Assessment (LCA) is emerging as one of the 
most functional assessment tools. However, pres-
ently there is a scarcity of clear guiding principles 
specifically directed towards the architectural pro-
fession in the use of building LCA during the design 
process, and its evaluation through relevant interna-
tional Sustainability Standards for buildings.

1.2 International standards

Environmental life cycle assessment (LCA) has 
evolved over the last three decades from merely 
energy analysis to a comprehensive environmental 
burden analysis in the 1970s, full-fledged life cycle 
impact assessment and life cycle costing models were 
introduced in the 1980s and 1990s, and social-LCA 
and particularly consequential LCA gained ground 
in the first decade of the 21st century. Many of the 
more recent developments were initiated to broaden 
traditional environmental LCA to a more compre-
hensive Life Cycle Sustainability Analysis (LCSA).

It is possible to distinguish two main periods in 
the past of the LCA: the first period is from 1970 to 
1990: Decades of conception. And the second period 
is from 1990 to 2000: Decade of Standardization.

The first studies to look at life cycle aspects of 
products and materials date from the late sixties and 
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… ISO 14011 (2006): Environmental manage-
ment; Life cycle assessment; Requirements and 
guidelines.

The next period (1990…2000) can be summarized 
by the word "convergence" through SETAC.s coordi-
nation and ISO.s standardization activities, providing 
standardized framework and terminology, and plat-
form for debate and harmonization of LCA methods. 
Note, however, that ISO never aimed to standardize 
LCA methods in detail: •there is no single method 
for conducting LCAŽ (Heijungs et al. 2011).

The rapid surge of interest in •cradle to graveŽ 
(or cradle to cradle, C2C) assessment of materi-
als and products through the late 1980s and early 
1990s meant that by the 1992 UN Earth Summit 
there was a ground-swell of opinion that life-cycle 
assessment methodologies were among the most 
promising new tools for a wide range of environ-
mental management tasks. The most comprehen-
sive international survey of LCA activity to date, 
The LCA Sourcebook, was published in 1993.

Although the pace of development is slowing, 
the methodology is beginning to consolidate, mov-
ing the field toward a long-awaited maturity. Yet 
the usefulness of the technique to practitioners is 
still very much in debate (Hoffman et al. 1997).

1.3 LCA evaluation procedures

As we mentioned before, C2C incorporates into 
the Life Cycle (LC) the re-use/recycling phase. The 
intention is to introduce the material into the LC 
of others, once its useful life is finished. This meth-
odology has evolved into a certification assessing 
the full potential of materials.

On the other hand the most commercialized certi-
fication on the current market is LEED„Leadership 
in Energy and Environmental Design. It is intended 
to provide building owners and operators a concise 
framework for identifying and implementing practi-
cal and measurable green building design, construc-
tion, operations and maintenance solutions. It seeks 
for energy and water efficiency, indoor environmental 
quality, environmental friendly and sustainable sites.

Both, LEED and C2C are certifications, 
although LEED evaluates the building as a whole 
(Cidell 2009) and C2C through its materials 
(Bakker et al. 2010). Both are lacking combined 
impact of the whole life cycle of a building.

The proposed implementation of LCA evalu-
ation includes not only the impact of the actual 
material (embedded energy considering recycling), 
but also its handling, manufacturing and use 
(through the CO2 footprint). The evaluation of 
embodied energy, CO2 footprint and stressors to 
the environment should be performed for all the 
phases in a building•s life cycle:

… Design and construction
… Use
… End of life

All parameters for each phase are the complete 
building environment producing a unified per-
formance evaluation for the whole building in its 
environment. The Eco-audit procedure (de Bene-
detti et al. 2010) is implemented, with the support 
of a commercial Database (Ramalhete et al. 2010), 
for a complete.

2 BUILDING SUSTAINABILITY 
ASSESSMENT IN ARCHITECTURE

2.1 Eco-audit

The main impacts indicators on this LCA proce-
dure are the energy consumption (energy break-
down in terms of direct and indirect contributors, 
MJ per functional unit), the global warming poten-
tial (in terms of CO2 equiv. per functional unit) and 
the end of life possibilities (in terms of effective 
practicable scenarios, i.e. of recycling).

The choice to adopt the first two impact indi-
cators (energy consumption and global warming 
potential) is due to the above mentioned need of 
simplification, maintaining, at the same time, a 
global vision of the whole environmental load.

Among the typical LCA impact indicators energy 
consumption and global warming potential prob-
ably have the ability to cover each life cycle phase 
of the considered system and they are understood 
by most of the public. The environmental stressors 
are considered as a limiting restriction.

The end of life is then taken into consideration 
to specify the practicable scenarios referred to a 
component or material after the use phase. At this 
level, it could be useful to conduct a qualitative 
analysis about the possibility of disassembling the 
components of the product in order to identify the 
amount of material really reusable or recyclable.

By comparing the figures obtained through a 
balance on these parameters for the building life 
phases detailed in 1.3, a numerical criteria is formed 
for the sustainability of the building as a whole.

The structured procedure used is as follows:

… Prepare a draft project.
… Analyze properties of the candidate materials 

per building subsystem criteria.
… Prepare assemblies by detailed calculations from 

hybrid materials composition.
… Select optimum options and quantify them.
… Eco-audit the whole building including use and 

recycling information.
… Develop alternative options for optimum 

design.
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… Introduce the data into Excel spreadsheets 
and compare the sustainability evolution.

… Fine-tune the sensitivity of the solution to use 
and recycling criteria.

Even if  it is clear that the strengths and the weak-
nesses that are identified by the Eco-audit pro-
cedure strongly depend on the set of the selected 
environmental parameters that are used for rank-
ing materials and processes, it allows the designer 
to be aware of a first set of reliable results to start 
an internal discussion about possible improve-
ments to the building project.

Each Eco-audit begins with the materials measure-
ment data from the project. The amounts specified 
are turned into weight units by a simple base change 
on each material. Complex materials are assembled 
from more simple units (through the corresponding 
technical sheet) as identified from the database used.

Although the architecture database for CES 
Edupack can be used, further refinement has been 
achieved by developing a new database from the 
official database on construction materials provided 
on the Spanish building code. The database provides 
only price references and sustainability data gath-
ered from international accredited Universities. This 
database is under development and only for inter-
nal use. Further refinement will be required on the 
future following ongoing research and agreements.

2.2 Application results

The application of the procedure has been carried 
out on two stages. The first demonstrates how a 
specific architectural subsystem can be upgraded 
in its sustainability by incorporating different 
materials, while on a second stage, some buildings 
have been selected for a sustainability check.

Table 1 presents the results of the procedure of 
different building materials selected for the shop 
presented on Figure 1.

For the second stage several representative build-
ings (structurally equivalent) were selected and the 
most sustainable solutions found were applied and 
compared to the actual building materials used for 
each case. Table 2 presents the numerical results 
and figures 3 and 4 the plan for the 2 buildings 
used on the evaluation.

3 CONCLUSIONS

This paper implements in architecture the eco-
audit procedure for LCA in buildings. The eco-
audit procedure has been shown to provide a 
simplified neutral evaluation for sustainability as 
a whole a building from a global point of view. It 
has been shown that there are good opportunities 
for achieving a dramatic reduction in embodied 

energy, CO2 footprint, and energy consumption by 
an adequate selection of materials.

The design of energy efficient buildings is focused 
primarily on techniques for reducing life cycle 
energy consumption and life cycle global warming 
potential as much as possible using equipment and 
materials readily available through local suppliers.

The results obtained in this article urge for the 
development of an international database of build-
ing materials which will allow a neutral certifica-
tion of sustainability and provide a better focused 
environmental awareness of the building market.

Overall reductions on material use of 57% can 
be achieved with better sustainability impacts. This 
is closely linked to energy and CO2 emission reduc-
tion in the design phase and transportation from 
the factories to the building site.

In comparison to standard building solutions sav-
ings in transport impact have been of almost 90%.

Regarding the pre-use phase, the changes 
made to relevant materials (regarding its per-
cent weight in the building) by making them as 
environmental-friendly as possible, have achieved 
a reduction in embodied energy of 92% / 87% and 
80% / 69% in CO2 footprint (for alqueria l•Advocat 
and the house at Mathes respectively).

Besides, by choosing sustainable materials, they 
can be recycled and less Earth resources are con-
sumed, allowing a better match for today•s envi-
ronmental policies.

Life cycle energy profiles for both applica-
tions prevent environmental damage and secure a 

Table 1. Sustainability indicators per sample architec-
tural subsystem.

Roof envelope CO2 footprint Embedded energy

Tn CO2 GJ

Tiled (traditional) 131.8 1257.3
Green roof  29.4  239.4
Gravel roof  30.3  254.3

Outer envelope CO2 footprint Embedded energy

Tn CO2 GJ

Stone walls 48.8 826.9
Brick walls 63.1 126.2
ETFE panels 20.5  24.2

Superstructure CO2 footprint Embedded energy

Tn CO2 GJ

Concrete 210.9 95212.5
Wood  75.6   187.8
Steel  84.2   237.1
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healthier life-style in the future. The higher initial 
investment costs are more than made up for by 
energy bills savings.

The complete development of an internationally 
accepted database for this procedure based on the Eco-
audit LCA evaluation of architectural solutions and 
materials could be developed into a new sustainability 
standard which could prevent wrong conclusions to 
be attained and a more neutral policy evaluation.
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Figure 1. Shop used for the application of the procedure with a surface of 1065 m2 and 3.3 m height (J. Jara Soriano).

Figure 2. Alqueria l•Advocat (P. Guillin Bolumar).

Figure 3. House at Mathes (A. Gallego Sánchez).

Table 2. Sustainable solutions on selected buildings.

Alqueria l. Advocat CO2 footprint Embedded energy

Tn CO2 GJ

Actual materials 150.7 12146.1
Sustainable  30.3   877.3

House at Mathes CO2 footprint Embedded energy

Tn CO2 GJ

Actual materials 329.7 5890.3
Sustainable 101.2  766.1
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ABSTRACT: This paper aims to point out the resilience capacity that vernacular architecture has 
in its origins due to its continuous evolution over time, and its ability to adapt to the new established 
ecosystems after shocks and disasters. Furthermore, this paper investigates the contribution of  the local 
building cultures on reducing the vulnerabilities of  the urban and rural settlements of  today. Indigenous 
knowledge can enhance resilience of social-ecological systems as this knowledge, accumulated through 
experiences, has demonstrated the ability to deal with complexity and changing of environmental fac-
tors. Unfortunately indigenous knowledge is not still adequately recognised as an instrument into the 
realm of science. With this present paper we aim to increase the awareness of learning resilient design 
principles from vernacular architectural culture and re-interpreting them in establishment of  new urban 
strategies for the future cities. In particular, this research is deepened by examples carried out in Mediter-
ranean region.

2 BACKGROUND AND DEFINITION OF 
•RESILIENCEŽ

The term •resilienceŽ was first used in psychol-
ogy in the 1950s. It has been used to describe 
the tolerance abilities of children. The term was 
also used within a conglomerate of qualities that 
allow people to remain psychologically balanced 
and mentally healthy in the case of negative life 
circumstances and crisis (Petzold/Muller, 2002). 
In the recent years the term of •resilienceŽ has 
gained significance in different disciplines and sci-
entific contexts (Burkner, 2010): from approaches 
to human ecology and taxonomy to studies on 
developing countries. Whereas the resilience of an 
ecosystem is described by The Resilience Alliance 
(2002) as the capacity of an ecosystem to tolerate 
disturbance without collapsing into a qualitatively 
different state that is controlled by a different set 
of processes. It was also underlined that a resilient 
ecosystem can withstand shocks and rebuild itself  
when necessary. The characteristics of resilience in 
natural environment, which are used to measure 
the resilience dimensions (The Resilience Alliance, 
2002):

… The amount of change the system can undergo 
and still retain the same controls on function 
and structure.

… The degree to which the system is capable of 
self-organization.

… The ability to build and increase the capacity for 
learning and adaptation.

1 FOREWORD

Resilience becomes a strategic requirement for the 
human settlements (urban and rural) as global 
change, climate, social and cultural change, natu-
ral and industrial disasters and economic shocks 
affect local communities. In this context vernacu-
lar architecture heritage, tangible and more intan-
gible, constitutes an important research field as it 
demonstrates a great capacity to evolve and adapt 
itself  to the changing external conditions, as it is a 
result of several cycles of global changes.

Urban resilience can be defined as the capacity 
of the cities to absorb shocks and perturbations 
without undergoing major alterations in its func-
tional organization and economic, physical and 
social systems. Resilient cities are not only sur-
viving potential risks and threats, but also rather 
catching the positive outcomes that the changes 
and transformations might bring. Resiliency, for 
these reasons, is a necessity in order to reduce the 
negative impacts of the above-mentioned changes 
and increase the safety of the cities.

Resilient settlements require a dynamic archi-
tecture by considering all the surrounding condi-
tions in a constant process of transformation; so 
•flexibilityŽ and •adaptabilityŽ become two funda-
mental principles of a resilient architecture. In this 
case, vernacular design strategies can be approved 
as •resilientŽ as their formation is influenced by 
dynamic factors such as •macro climateŽ, •envi-
ronmental materialsŽ and •living culturesŽ.
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In 2007, Ward has described the resilience as 
a adaptable and diverse system and claim that a 
resilient perspective acknowledges that change is 
constant and prediction difficult in a world that is 
complex and dynamic.

In relation to urban planning issues there 
have been done two descriptions which specifi-
cally relates to the urban resilience: Walker (2007) 
described the resilience as a capacity of a system 
to absorb disturbance and reorganize itself  while 
undergoing change, so as to still remain essentially 
the same function, structure, identity and feed-
backs. Another similar description in urban terms 
is done by The Resilience Alliance (2002) where the 
resilience is defined as the ability to absorb distur-
bances to be changed and then to re-organise and 
still have the same identity (retain the same basic 
structure and ways of functioning). It includes the 
ability to learn from the disturbance.

After seeing different point of views to the resil-
ience we can see have an understanding of this 
term in urban and architectural issues as the capac-
ity of a system to absorb shocks and perturbations 
without undergoing major alternations and main-
tain its characteristics. A resilient system not only 
survives the potential shocks but also catches the 
positive outcomes and adapts itself  to the new con-
ditions created after perturbations.

2.1 Resilient design principles

As socio-ecological systems, resilient cities are 
characterised by high encouragement of self-
reliance and capacity to manage or bounce back 
from stress or disastrous events. The main features 
of a resilient city are •simplicityŽ in environmen-
tal, economical and socio-cultural issues. In this 
context •modularityŽ helps the urban systems to 
achieve the simplicity that they need for increas-
ing their resilience. A modular system has more 
capacity of adaptation in comparison with a non-
modular system.

According to the characteristics of their sys-
tems, the planning principles of the resilient cities 
may differ but they also have many common design 
principles (Langeveld, RDI, 2013):

… Simple, flexible and modular systems are more 
resilient: Simple systems are more resilient than 
complex systems, which can break down and 
require maintenance. Flexible and modular solu-
tions have greater capacity to adapt themselves 
to the changing conditions.

… Locally available, renewable resources are more 
resilient: Reliance on abundant local resources 
such as solar energy, groundwater and local 
building materials provides more resilience than 
the dependence on non-renewable resources or 
the resources that require great effort of access.

… Diverse and redundant systems are inherently more 
resilient: More diverse communities, ecosystems, 
economies and social systems have a better 
capacity to respond to shocks and changes. For 
example a multi-functional space will be more 
flexible and more capable to adapt itself to the 
changing environments and needs of its users.

… Resilience anticipates shocks and a dynamic 
future. The natural environment where we build 
our cities must be considered as a dynamic for-
mation as it undergoes continuous changes such 
as climate changes with increasing temperatures, 
rising sea levels, floods, natural disasters, earth-
quakes and social and cultural transformations. 
Resilient cities require a capacity to predict the 
natural shocks and interruptions and respond to 
the continuous changes with a dynamic archi-
tecture (Abhas et al., 2013).

… The •Know-howŽ contributes to resilience: Resil-
ience also means mitigation of the damages that 
cause natural disasters on the cities. Transmis-
sion of living cultures between generations and 
increasing the acknowledgement of execution 
of basic needs such as agriculture, construction 
cultures, so-called •know-howŽ, makes the com-
munities acquire resilience capacity. •Know-
howŽ of living cultures increases the ability of 
•recoverabilityŽ in case of perturbations. As seen 
in the case of the earthquake of Haiti, if  the 
building techniques are simple and known by 
the inhabitants of the city, rapid re-construction 
of the damaged buildings become easier. In the 
same way, if  the cultivation culture is diffused 
and well known by the population of the city, 
it will become easier to recover agriculture and 
food production facilities after disasters. There-
fore a community that has the acknowledge of 
the processes to meet their basic needs will dedi-
cate less time to recover and return back to the 
daily life routines quicker than the communities 
that do not take active role in the process of the 
production of their common needs.

… Durability increases resilience: The term of 
durability involves not only building practices, 
but also building design, infrastructure and eco-
systems. Utilization of durable building materi-
als and building techniques reduce maintenance 
needs and increases the life cycle of buildings.

3 VERNACULAR ARCHITECTURE 
AND RESILIENCE

Since we cannot predict the future, we must rely on 
past findings to evaluate factors of resilience (Ripp, 
2013). Consequently the heritage of vernacular 
architecture provides an affluent field of research 
to identify the design strategies of resilience.
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Vernacular architecture exists as long as 
mankind.

As it is defined by Paul Oliver (1997): •...com-
prises the dwellings and all other buildings of the 
people. Related to their environmental context and 
available resources, they are customarily owner or 
community built, utilizing traditional technolo-
gies. All forms of vernacular architecture are built 
to meet specific needs, accommodating the values, 
economies and ways of living of the cultures that 
produce them.Ž It is a substantial fact that vernac-
ular architecture culture is developed and utilised 
through centuries by many civilizations across the 
world through trials and errors; vernacular archi-
tecture shows different features and shapes which 
base on local climate conditions, local materi-
als and living cultures. Vernacular culture dif-
fers according to the environmental, social and 
cultural conditions of its territory. Generations 
after generations, vernacular buildings, especially 
the dwellings, adapted themselves to the changing 
environmental factors and changing needs of life.

In a given society, the existence of a local cul-
ture implies a successful development for the proc-
ess of awareness of sedimentation that arises from 
diffused cultures. Indigenous knowledge plays an 
important role in the way where communities inter-
act with crisis, disasters or a profound change. In 
these cases come into play •resilienceŽ that means 
a series of instruments by which inhabitants use 
available resources to cope with adverse conditions 
that can occur due to the disasters. Resilience is a 
question of the ability of an ecosystem to repair 
damages after a disaster, the impact absorbing and 
emergency management, adaptation and innova-
tion socio-territorial organization. Strengthening 
the resilience allows to develop a greater resistance 
to the effects of natural hazards.

The knowledge and traditional wisdom, which 
are critical to the local jurisdiction, are the resilience 
of rural communities. These mechanisms are deeply 
connected to the system of relationships that come 
within the traditional community. The relationships 
between the community and its members are not 
based on the contracts, but implicit rules handed 
down through generations. It indicates the presence 
of an innate consciousness of the rights and duties 
of those who participate in the community.

Indigenous knowledge can enhance resilience of 
social-ecological systems because this knowledge, 
accumulated through experience, learning, and 
intergenerational transmission, has demonstrated 
the ability to deal with complexity and uncertainty 
(Berkes et al. 2000). Therefore it is inherent to 
assume that indigenous knowledge is a source of 
resilience.

The diversity of  knowledge systems can 
enhance resilience because the management of 

social-ecological systems improves when it can 
draw from a combination of different knowledge 
systems (Folke 2004). Accordingly this can be seen 
to mean that the integration of knowledge, which 
may include indigenous knowledge, contributes to 
resilience. However, Folke (2004) also notes that 
there is a lack of consensus among scientists on 
whether indigenous knowledge can be brought 
into the realm of science.

3.1 Resilience lessons from vernacular cultures

A comprehensive readout mode for a better under-
standing of the resilience potential of vernacular 
architecture is created in order to identify and 
examine how local traditions, spatial arrangement, 
land use and building cultures have an elevated 
capacity of resilience. This extensive reading has 
been done according to five different categories.

3.1.1 Resilience through design
The design principles of vernacular architecture 
derive from •climate adaptedŽ design therefore, 
vernacular settlements show different features in 
the terms of the building envelope. As an exam-
ple, the •roof designŽ in vernacular buildings has 
a substantial role for characterising the general 
shape of the building envelope; while in the rainy 
regions pitched roofs are used, in the desert settle-
ments we see flat roofs. Therefore, the outcome of 
the climate conditions can be explicitly seen in the 
design decisions of vernacular buildings.

The energy efficiency is also achieved by favour-
able spatial configurations and architectural design 
such as •courtyard housesŽ which are mainly seen 
in the hot climate regions. The introverted features 
of courtyard buildings ensure sunlight control 
and natural ventilation. A particular typology of 
courtyard houses is seen in the region of Draa 
Valley from south Morocco. The courtyards have 
a protective role from the sun, but also from the 
sand storms. They are characterised by very nar-
row openings in order to act like a filtering element 
during the sand storms (Fig. 1). Whereas, in the 
cold climates vernacular buildings are designed 
more compactly in order to reduce the openings to 
outside to avoid the heat loss.

Another agent that is primarily taken in con-
sideration about the foundation of the vernacu-
lar settlements is •orientationŽ. These settlements 
integrate themselves to their natural contexts with 
harmony by creating minimum impacts through 
a good understanding of their lands. While doing 
this they consider to have a right orientation in 
order to benefit solar power or, in the opposite 
way, protect themselves from excessive sunlight. As 
it can be seen in the city of Mardin that is located 
in the southeast region of Turkey (Fig. 2). The 
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strong climatic conditions played key roles in the 
way the architecture was developed. The hot and 
dry climate ranks at the top of these climatic con-
ditions (Ozorhon et al., 2014). Therefore, the pat-
tern of the city developed to harmonize with the 
hot climate. The settlement is oriented to the south 
in order to use the solar power for natural heating. 
While the narrow streets called •abbaraŽ, which 
are passing under the dwellings, act like ventila-
tion tunnels that create a passive cooling system. 
The abbara also provides protection to inhabitants 
from sun and rain.

Vernacular buildings achieve energy efficiency 
through design elements to create passive systems 
such as perforated brick walls for ventilation or 

sun screening panels. The use of brick for building 
perforated walls is a common approach for achiev-
ing natural ventilation of the dwellings and sheds 
in Tuscany region in Italy (Fig. 3).

As a result it is seen that many features that con-
tribute to increase the resilience capacity of ver-
nacular architecture are achieved by appropriate 
design strategies.

3.1.2 Resilience through mixed-use spaces 
and collectiveness

Definitely one of the most relevant requirements 
of resilience is redundancy and flexible use of the 
spaces. Maximizing the active use of space and 
land contributes reducing the carbon footprint of 
an urban system. A single use, non-flexible spaces 
are underutilized during long periods. A densely 
populated, mixed use urban places allow for the 
effective functioning of all types of social, cultural 
and commercial activities with low energy inputs 
in comparison with single-use spaces (Fig. 4). 

Figure 3. Perforated brick walls for natural ventilation 
in Tuscany, Italy (Özel).

Figure 4. Public space in Erice, Sicily, Italy 
(Dipasquale).

Figure 1. Two traditional patio houses in Tissergat, 
Draa valley (Dipasquale).

Figure 2. General view of the city of Mardin, Turkey 
(Özel).
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Vernacular communities imply collective living 
and shared facilities. Collectiveness also has an 
important role in effective use of infrastructures 
public places. Vernacular neighbourhoods are 
characterised by the spaces for conviviality and 
social exchange. Variations of use of the common 
spaces are inherently more resilient.

3.1.3 Resilience by using appropriate materials
The role of building materials has a particular role 
for a resilient architecture. In vernacular building 
culture, as a principle, local materials are used. 
Locally found materials offer high accessibility 
with low costs and provide simplicity. The architec-
ture of •trulliŽ  in the region of Apulia in southern 
Italy is an appropriate example to see the essential-
ity and creativity through the use of local materi-
als. They are mainly built using dry stone masonry 
without any mortar or cement (Fig. 5).

The other characteristic of vernacular building 
techniques is using low transformed materials and 
low use of machinery in the production process. 
This feature contributes to the resilience by reduc-
ing environmental pollution due to the carbon 
emission. Locally used materials facilitate also the 
maintenance of the vernacular buildings.

In the context of resilience, local materials pro-
vide buildings the capacity of adaptation to the 
changing climate conditions as they keep evolv-
ing in the terms of time according to the changing 
environment.

3.1.4 Resilience through construction systems
Vernacular construction systems are technically 
characterised by •simplicityŽ and promote local 
labor (Fig. 6). Artisan-made materials such as 
wooden floors, wooden windows, lime or clay 
plasters allow to be easily renewed and replace-
able. Locally known and produced building tech-
niques facilitate the maintenance of the buildings 

as well. It also promotes local economy by encour-
aging local labor and artisanship. Furthermore, in 
vernacular systems traditional building cultures, 
which are transmitted through generations, con-
tribute to the socio-cultural resilience and they cre-
ate a cultural heritage and increase the knowledge 
of local cultures.

3.1.5 Resilience by promoting local production 
and autonomy

Deriving from the basic human needs, vernacular 
settlements encourage autonomy and self-suffi-
ciency by several design approaches among which 
integration of dwellings with production areas such 
as self-cultivation gardens, domestic livestocks, 
ovens and spaces for conservation. The proximity 
of working places, which is one of the design prin-
ciples of vernacular houses, favours an easy access 
to the food. As in Chianti, in the Tuscany region 
of Italy, the dwellings are situated in their territory 
by surrounding them with the working areas such 
as farm fields and conservation sheds and labora-
tories (Figs. 7…8).

In this context, vernacular architecture meets 
the requirements of resilience in the terms of 
food security. Meanwhile, promoting locally proc-
essed productions also helps to protect cultural 
landscape.

4 CONCLUSIONS

There is a growing awareness that the combined 
negative outcomes of climate change, food inse-
curity and rapid urbanisation weakens the resil-
ience capacity of the cities. As illustrated before, 
the solutions are present in the vernacular build-
ing strategies. Moreover, these strategies have a 
high reliability, as they are the results of a long 
termed experiment process through continuous 
evolutions.

Figure 5. The •trulliŽ in Valle d•Itria in the region of 
Apulia, Italy (Dipasquale).

Figure 6. Resilience through construction system in 
Apulia, Italy (Dipasquale).
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It is a part of our research purpose to point out 
a better understanding of indigenous knowledge 
and its resilience principles in different dimen-
sions such as environmental, socio-economical and 
socio-cultural issues.

The aim of this research is also creating a basis 
for measuring the resilience of the urban systems 
according to the resilient approaches applied in 
vernacular settlements.

Figure 7. Resilience by promoting local production and 
autonomy: Chianti, Tuscany (Özel).

Figure 8. Resilience by promoting local production 
and autonomy: Vernacular houses in Chianti, Tuscany 
(Özel).

Unfortunately indigenous knowledge is not still 
adequately recognised as an instrument into the 
realm of science, but should be considered as a 
source of solutions to the resilience problems of 
today•s cities.

Furthermore, this paper investigates the contri-
bution of the local building cultures on reducing 
the vulnerabilities of the urban and rural settle-
ments of today. With this present paper we aim 
to increase the awareness of urban planners and 
policy makers about the role of vernacular archi-
tectural culture for establishment of the new urban 
strategies for the future of our cities.
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A case study in Cenaia, Pisa
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ABSTRACT: Rural-urban interface never vanishes but only slides outwards from the city core as the 
city grows. This interface, so-called •peri-urban areaŽ, is characterised by •dynamismŽ and •diversityŽ 
as it acts like the place where movements of people, commercial goods and capital take place. As a con-
sequence, peri-urban area becomes the zone of coexistence of rural and urban areas, and constitutes a 
strong linkage between the two words. The Ecocity project in Cenaia aims to reorganize the expanding 
urban structure by giving a new identity to the margins of the city. The goal of the project is to valorize 
the urban fringe through an experimental co-farming/housing habitat and utilize peri-urban agriculture 
as its principle function. Furthermore the peri-urban area is revitalised by touristic, recreational and 
commercial activities. The aim of this paper is to point out the role of peri-urban agriculture that offers a 
symbiosis between urban and rural worlds.

search for better living conditions and high-em-
ployment chances. Today the migration flow is not 
only seen from rural to urban areas but also hap-
pens at international levels.

The rapid urbanization brought unprecedented 
negative consequences such as urban poor, which 
is mainly formed in suburbs. The physical expan-
sion of the cities occurs in the suburbs more than 
the central urban area. As a result of this, the cit-
ies and its suburbs spread over to the rural areas 
beyond their boundaries and this spread which is 
called •urban sprawlŽ causes loss of agricultural 
lands and eventually creates stress on the sur-
rounding natural environment.

The increasing expansion of the urban footprint 
requires also effective ways to deal with many vital 
issues like food insecurity, protection of public and 
environmental health, resource management and 
land use planning. The •Peri-urban agricultureŽ, 
as a strategy, meets with these issues in an innova-
tive way by understanding better the dynamism of 
the peri-urban area.

2 BACKGROUND AND THE NOTION 
OF PERI-URBAN AREA

Peri-urban area is the term, which is used to 
describe the interface resulting from the process 
of peri-urbanisation. There are also other common 
terms that define this area such as rurban space, 
outskirts or hinterland. In addition to these terms, 
peri-urban area was thus seen as a landscape type 

1 FOREWORD

More than half  of the world•s population lives 
and works in the cities and this percentage keeps 
increasing each year. Since the 1950s, after the 
industrial revolution in Europa, urban growth 
became a global phenomenon. The cities have 
grown by three main reasons: •economic growthŽ, 
•natural demographic increaseŽ and •rural-urban 
migrationsŽ. Other effective factors that contrib-
uted to the rapid urban growth have been: natural 
disasters, lack of educational and medical facilities 
and poor infrastructure in rural areas. Obviously 
the reasons why the cities undergo these growths 
vary on the basis of their different geographical 
and historical features so it is difficult to define 
universal reasons for the urban growth.

People migration has always existed for many 
reasons, but the most significant one has always 
been economic. In the urban areas growing econ-
omy and new investment affairs attract people as 
they offer many employment opportunities and 
living comfort.

•Natural demographic increaseŽ means the 
number of people being born each year compared 
to the number of deaths. This constitutes the main 
contributor reason to the growth of the cities.

•MigrationŽ is another affecting factor of urban 
growth instead. After the industrial revolution 
up to the 1970s, •migrationŽ has appeared as the 
movement of population from rural to urban areas. 
More industrial activities in the cities encouraged 
people to move from countryside to the cities to 
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formed by the interaction between urban and rural 
activities (Zasada, Fertner, Piorr & Nielsen, 2011). 
The notion of peri-urban area has been interpreted 
in various conceptual manners. It is described as 
a heterogeneous settlement pattern at the urban-
rural interface as a former model of an urban-
rural dichotomy (Errington, 1994). A European 
perspective often sees peri-urban areas as mixed 
characterised zones created by urban influence 
but with a rural morphology (Caruso, 2001). In 
2007 the Council of Europe defined the peri-urban 
interface as a transition zone moving from rural 
to urban. Different methods have been developed 
in order to define peri-urban areas; by MDP-ESA 
(Municipal Development Programme for Eastern 
and Southern Africa 2001) four main methods 
have been identified which base on:

… Physical criteria including street patterns and 
housing density.

… Functional criteria including employment levels 
and transportation networks.

… Social and socio-psychological criteria involving 
the determination of the urban life quality and 
the general social life.

… Administrative criteria covering the local author-
ity boundaries.

As can be seen from the references there are lim-
ited concepts that define the peri-urban interface. 
The most common but erroneous understanding 
is to see peri-urban areas like simple peripher-
ies, •border territoriesŽ of the city that manifests 
rural-urban features and accommodates only the 
urban poor. Moreover in economic terms peri-ur-
ban areas are seen as resources of low-price lands, 
which easily permits building industrial zones that 
requires larger areas. However, the significance of 
this dynamic linkage area, peri-urban interface, 
can not be reduced to the above listed limited 
perspectives. Peri-urban areas need to be under-
stood as particular ecological and socio-economic 
ecosystems by observing the interactions and the 
dynamics of rural-urban linkage and flows. The 
fact that the peri-urban areas manifest mixity and 
coexistence of urban and rural characteristics, they 
require multidimensional approaches to be ana-
lysed and for a better understanding.

2.1 Characteristics of Peri-urban area

The belief that considers the border between urban 
and rural areas as a •cut lineŽ in the landscape is 
increasingly getting abandoned because a clearly 
defined border can not exist in physical and func-
tional terms. The interface between urban and 
rural areas are prone to a continual change due to 
the bidirectional movements (from urban to rural 

and vice versa) of people and the capital caused 
by urban growth, so it can be recognised that the 
urban and rural features coexist beyond their limits 
and the peri-urban area constitutes a strong link-
age between these different worlds.

As a result of a constant transformation, the 
peri-urban areas gain a heterogeneous social and 
physical composition. The dwellers of peri-urban 
area can be characterised by both the lower income 
communities and the wealthier secondary house 
owners so the interface of rural and urban act like 
the meeting place of two different situations. This 
heterogeneity attributes to the peri-urban areas 
new features like •complexityŽ, •dynamismŽ and 
•diversityŽ; furthermore, gives them the potential 
of being easily changed and transformed. Although 
the high potential of transformation of peri-urban 
areas seems like a positive feature, it may have nega-
tive impacts and vulnerabilities in the absence of 
clear regulations and efficient governance system in 
terms of environmental and social sustainability.

One of the issues that has a great role in deter-
mining the main characteristics of the peri-urban 
areas is having dichotomies in its nature as it 
always tends to gather conflictual situations like 
urban-rural, traditional-modern, cityside-country-
side, richness-poverty. However, this conflictuality 
gives rise to the opportunities of co-existing with 
beneficial linkages and symbiosis (Zasada, Fertner, 
Piorr & Nielsen, 2011).

2.2 Interaction of rural-urban flows

Due to a series of flows and migrations the rural-
urban interface never vanishes but only slides 
outwards from the city core as the city grows. As 
mentioned before this interface is characterised 
by the movements of people, goods, capitals and 
natural resources. Such transformations due to 
these flows can be defined by the term of •peri-
urbanisationŽ which is frequently seen as a result 
of post-modernity. Besides commercial and infra-
structure developments, the internal migration 
flows represent the main reason to the peri-urban-
isation. Internal migration is not a unidirectional 
movement but it happens in two ways: migration 
towards to city core and contrariwise. The last 
process is described by the term •counter-urban-
isationŽ which indicates the migration flow from 
city core to the countryside.

Mitchell (2004) elaborated three different 
concepts and motivations that urge the counter-
urbanisation. The migrants move towards coun-
tryside for quite different reasons. In this context 
several researchers have defined •ex-urbanisationŽ 
as the migration of affluent people to the rural 
areas staying within commuting distances from the 
city. In the terms of ex-urbanisation the scope of 
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migration is to have the amenities of living out of 
the city such as having a larger house, and garden 
for self  food production. In this case the migrants 
keep their jobs and daily routines around their liv-
ing places.

As the second concept of migration, •displace 
urbanisationŽwhich is characterised by the migra-
tion of low-income groups due to the economic 
necessities such as affordable housing. This type of 
migration mainly refers to the young families who 
can not afford a house in the inner city. Displace 
urbanisation was seen especially in 1950s as the peri 
urban area was increasingly getting more attractive 
in the context of industrial revolution. The new 
employment opportunities and low-cost afford-
able housing features caused an intense migration 
from center to peri-urban areas and, as a result, 
abandonment of the historical city cores which 
with their limited and insufficient infrastructures 
were incapable to respond to the new demands 
of post-industrial communities. This population 
flux eventually has formed •dormitory suburbsŽ. 
•Anti-urbanisationŽ represents the last version of 
counter-urbanisation concepts and it consists of 
the migration of the people who wants to escape 
from urban lifestyle and moves to the rural areas. 
This process is also called •retirement migrationŽ. 
As a result of all above mentioned migration moti-
vations it can be seen that there is not only one way 
of flux of population so the urban area not only 
grows and intensifies but also can be de-concen-
trated by inner migrations.

3 PERI URBAN AGRICULTURE AS A 
STRATEGY OF SUSTAINABLE URBAN 
DEVELOPMENT

Agricultural systems can respond to both ecologi-
cal and socio-economic needs of urban communi-
ties. The agricultural activities that are usually seen 
on the urban fringes are mainly the results of the 
absorption of the surrounding rural areas by the 
expanse urban footprint, so they don•t constitute 
an intentional structured peri-urban agriculture 
system but are only the natural farming activities 
of rural settlements of pre-expansion zone.

•Urban agricultureŽ, as it can be recognised by 
its name, refers to the agricultural activities that 
can be done in urban vegetable gardens, vacant 
plots, verges, balconies and terraces within the 
cities. Urban agriculture is mainly done for grow-
ing crops and raising small livestock for own con-
sumption in the neighbourhoods. •Peri-urban 
agricultureŽ refers rather to the intensive semi or 
fully commercial agricultural production activities 
that take place in the farm units and fields close 
to the city in the rural-urban interface. Peri-urban 

agriculture includes also raising livestocks, fisher-
ies and forestry productions.

3.1 Main features of Peri urban agriculture

What makes the peri urban agriculture more 
advantageous compared to rural agriculture is the 
•proximityŽ to the urban settlements that means 
people and potential of man work. The proximity 
can be seen as a beneficial situation but it can have 
also negative outcomes and risks. The opportuni-
ties consist of:

… availability of fresh, perishable food;
… easy access to food for urban poor;
… employment and income possibilities;
… waste management and recycling of urban waste 

water;
… less need of packaging and transportation.

Whereas the risks include:

… increased competition for land, water and labour;
… reduced environmental capacity for absorption 

of the pollution.

If  the production processes can be monitored 
and well controlled, peri-urban agriculture can 
provide numerous advantages in social and eco-
nomic terms. However, peri-urban agriculture 
should not be in competition with rural agriculture 
as the production in peri-urban areas has different 
priorities like providing food security and access to 
the fresh food to the citizens before reaching to the 
commercial levels of production.

3.2 Issues of Peri urban agriculture

Peri-urban agriculture can contribute to improve 
various urban complications of economic, social 
and cultural dimensions when carried out properly 
under safe conditions. It has a considerable con-
tribution to the food security of the urban com-
munities. Firstly peri-urban production activities 
increase the quantity of available food. Urban 
poor often has a lack of purchasing capacity to 
acquire sufficient amount of food. Peri-agriculture 
appears to reduce food insecurity by providing 
direct access from home to self-produced food.

The peri-urban agriculture has been prevalently 
used as a local food production strategy in Europe 
at the beginning of 19th century. The •Krakovo 
GardensŽ, in the city of Ljubljana in Slovenia, are 
one of the examples of the integration of cultiva-
tion farms in the cities. Krakovo gardens are con-
stituted by an allotment system, and are situated 
in the urban area. These gardens were playing an 
important role as a source of fresh vegetable for the 
local people (naturalhomes.org, 2014). Shopping 
in Ljubljana•s green market on Saturday mornings 
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was a community experience where people bought 
fresh organic food grown within a stone•s throw of 
where they lived (Fig. 1).

Another European example of peri-urban agri-
culture is •SchrebergartenŽ (Schreber gardens) in 
Geneva, Switzerland. The founder of these types 
of gardens was a 19th century German physician 
called Moritz Schreber. The idea of organised allot-
ment gardening reached a first peak after 1864, when 
Schreber started the •Schreber Movement• in Leipzig 
where areas within the city were made available for 
children to play in a healthy environment in har-
mony with nature. Later on these areas included gar-
dens for children, but soon adults began to cultivate 
them (Fig. 2). This kind of gardening later became 
popular in other European countries such as Austria 
and Switzerland (naturalhomes.org, 2014).

Increasing climate change effects on urban areas 
bring out much vulnerability related to the natural 
hazards such as droughts and floods, which have 
direct negative consequences on rural agriculture 
like lack of food. Peri-urban agriculture represents 
an efficient strategy for emergency food supply and 
the mitigation of food insecurity. In addition to these 

advantages, it offers opportunities of employments 
in farming sector to the households of per-urban 
area. As a socio-cultural issue peri-urban agricul-
ture supports the development of local products so 
eventually contributes to the local economies and 
encourages the transmission of collective food pro-
duction culture to the future generations.

4 CASE STUDY: ECOCITY IN CENAIA, PISA

Since 2008, the Faculty of Architecture of Flor-
ence University has released the Laboratory AMA 
(Architecture, Materials, Environment) that aims 
for the realization of architectural projects that has 
as its fundamental principle the interpretation of the 
contemporary architectural languages by the use of 
earth and other materials with low environmental 
impact. The activities of laboratory AMA develop 
both theoretical and practical levels through work-
shops in situ to facilitate a better understanding of 
the local culture, traditional construction systems 
while providing interaction with its communities.

In 2013, one of the design themes of Laboratory 
AMA has been •Ecocity project in CenaiaŽ in the 
province of Pisa, Italy. This theme was proposed 
by a local group of citizens named •EcocityŽ who 
aimed to develop a project to be included in the 
existing village of Cenaia financed by private funds 
and capable to reorganize the urban structure and 
give a new identity to the settlement. The goal of 
the Ecocity was to realize an experimental cohous-
ing and cofarming village by creating a group of 
residential units with the spaces for productive, 
cultural and touristic facilities related with lands 
for farming activities and using local materials par-
ticularly rammed earth.

4.1 Urban development proposal: Co-housing 
-and Co-farming in Cenaia

The verification tool of the project was the plan-
ning of new built-in functions as a part of city 
that can act as a paradigm of strategic rethink-
ing the future development of the entire Cenaia, 
including redevelopment of the formless forbear-
ing fraying building and visionary projection in a 
broader unified design. The solutions in common 
is the placement in the agricultural belt near the 
village (Fig. 3 and 4), and the use of the technol-
ogy of rammed earth, chosen as the construction 
practice of surprising and radical modernity in 
terms of sustainability and also culture. This is a 
type of technology that, thanks to the articulated 
functional mixture of Ecocity, also demonstrates 
an effective compositional and expressive ductility 
facing needs, feelings and language of a full con-
temporary architecture.

Figure 1. The •Krakovo GardensŽ in Ljubljana, Slov-
enia (naturalhomes.org).

Figure 2. The •SchrebergartenŽ in Geneva, Switzerland 
(naturalhomes.org).

Vernacu_Book.indb   580Vernacu_Book.indb   580 7/31/2014   7:45:18 PM7/31/2014   7:45:18 PM



581

4.2 Design concept I: New modes of living 
urban fringe

In the hypothesis of Ecocity the act of living, teach-
ing, recreational, cultural and social activities are 
intertwined especially with unusual forms of work 
and production in the agricultural sector, which 
identify in urban perimeter the most appropriate 
site to organize forms of relationships and innova-
tive settlement. In this area of linkages as changing 
characteristics between town and country, the inte-
gration of the activities of life becomes the key to a 
social community (Fig. 5). The development of new 
ways for the type-morphologies of the buildings, 
their necessity and spatial solutions, size and scale 
of the space and individual, social and public, (both 
productive and receptive-commercial) connotes the 
research of evolutionary standards based on hybrid-
ization-fusion of nature and earthen architecture.

4.3 Design concept II: Peri urban agricultural 
landscape as a new limit for the urban 
footprint

After receiving the request of projecting Ecocity in 
the peri-urban area of Cenaia, the solution devel-
oped by a thesis has interpreted it as a trigger and 
plug of some kind of new urban walling. Inspired 
by the idea of returning to manage and com-
pose the city limits to obtain a categorical clarity 
between internal and external in terms of stopping 
the construction colonization of the countryside 
and landscape, the conceptual appeal to the ancient 
city walls assume a destiny of the peri-urban fringe 
as a urban facade, subject to re-design in the sense 
of ability to complete form. And just the hybrid 
nature of the urban fringe inside the walls of the 
past, that blended organically residences, convents, 
barracks and factories with large areas of culti-
vated zones, both private and for collective secu-
rity, supports the hypothesis of a contemporary 
high-mix functionalism.

Figure 3. The town of Cenaia and the new limits: the 
Ecocity Project (G. Aguti, G. Boscherini).

Figure 4. The Ecoctiy project: Masterplan (G. Aguti, 
G. Boscherini).

Figure 5. The Ecoctiy project: Existing and new building system (G. Aguti, G. Boscherini).
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Similarly, the new walls along the edge of Cenaia 
suburban take on the role of containment build-
ing expansion according to the project-controlled 
characters of an urban and architectural system 
unitary limit, a clear separation between internal 
and external sides of the urban areas. As a kind of 
hoops of consolidation and adjustment of feather-
ing buildings, the new walls are proposed as a form 
of precise identification of agglomeration in the 
landscape, through specific geometries from the 
schedule of natural elements, sediments, signs and 
intentions. This become a strong urban structure, 
that in this condition the urban fringe identifies the 
contamination of the state, in which the opposi-
tion between rural and urban condition can rein-
vent the third phenomenology of a •urb-agricoloŽ 
landscape defined and envisioned as a band of 
intervening permeable, functionally and socially 
highly specialized, the territory of reconciliation 
and restoration of the form and content between 
city and pure countryside (Fig. 6).

In foreshadowing of the thesis, the present 
perimeter system of the city is finally re-founded 
and got a future image as a unit consisting of a 
sequence of joints, in a sort of game of dominoes 
whose pieces combine to give the general identity 
as a whole and consonance, from which to start 
towards the city center with detailed practical 
remedial for rehabilitation, integration and densi-
fication. Among them, new and specific modes of 
the role of shared agricultural cultivation addresses 
to the reconstitution of a plausible progressive and 
ecological collective life.

5 CONCLUSIONS

Urban fringe manifests coexistence and mixed 
characteristics of urban and rural. This complexity 
requires multidimensional approaches and better 
understandings for the linkage development strat-
egies. In this case peri-urban agriculture appears as 
the most appropriate solution as it responds to the 
needs of urban systems through elaborating the 
potentials that rural areas offer.

Peri-urban agriculture contributes to revitalize 
the urban fringe and makes it a more frequented 
place by its inhabitants so it saves urban fringe 
from being like a desert. It helps increasing the 

collectiveness and also self-sustainability. As seen 
in the case study of Cenaia, the functionality of 
peri-urban agriculture has a great capacity of com-
patibility with recreational and touristic activities. 
Therefore, the integration of urban-characterised 
functions, such as tourism and commercial, with 
the rural-characterised functions like agriculture 
may create a good strategic solution that both 
urban and rural can benefit. Another factor that 
encourages peri-urban agriculture is its relevant 
role in food insecurity of the cities. As men-tioned 
before, with the •proximityŽ to the city and •low-
dependenceŽ on the transportation, peri-urban 
agriculture becomes a favourable strategy for the 
development of the cities, above all Pisa.

This paper aims to emphasize the substantial 
role of peri-urban agriculture in creating strong 
and compatible linkage strategies between cit-
ies and rural areas. One of the purposes of this 
research is to identify the characteristics of urban 
fringe and how peri-urban agriculture meets the 
needs of this given zone. This paper also points out 
the adaptability of integration of peri-urban agri-
culture with different attractive urban functions 
to revitalize the urban fringe through a case study 
from Cenaia, Pisa. Considering its social, socio-
economic and environmental benefits, peri-urban 
agriculture should be recognised and integrated by 
urban planners to the development of contempo-
rary urbanism.
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Self-sustaining vernacular habitats: The case study of Medina 
of Chefchaouen

B. Özel, L. Dipasquale & S. Mecca
University of Florence, DIDA Department of Architecture, INN-LINKS Research Unit, Florence, Italy

ABSTRACT: The main feature of vernacular communities is •collective livingŽ. Individuals collaborate 
together to deal with the challenges of everyday life and to resolve common problems such as the need 
for shelter and the production of food. With integrated agriculture systems, collectiveness, and their close 
relation with nature, vernacular settlements demonstrate numerous self-sufficient amenities. Productive 
activities are mainly achieved at collective and individual levels. In this case, dwellings, as the smallest units 
of the collective production chain, have a relevant role, while the complex production sectors gain oppor-
tunities of sharing specialized plants for production. Prevention of negative effects of human-initiated 
climate change makes self-sustaining urban systems more important each day. Therefore, the concept 
of producing and consuming locally is becoming more vital. Thus, this paper aims to analyze the self-
sustaining strategies of vernacular communities through the case study of Chefchaouen and investigates 
the contributions of the sustainable vernacular strategies in contemporary urban systems.

emission and environmental degradation. A self-
sustaining or self-sufficient system has the capacity 
to maintain itself  by independent effort. The self-
sustaining system is one that can sustain itself  with-
out external support. In the terms of urban design 
•self-sufficiencyŽ refers to the productivity dimen-
sion of the cities and can be defined as the capacity 
of a city to produce sufficient food, goods and the 
energy for its survival without being dependent on 
the importation of products and energy from other 
cities. At the same time, however, a self-sustaining 
city should be sustainable and meet the needs of 
the present without sacrificing the ability of future 
generations to meet their own needs.

Vernacular settlements, which are built to meet 
survival needs of people, are set on self-sustaining 
principles as they arise as a series of responses of 
human beings to the natural conditions by alter-
ing them and using available resources in a rational 
way in order to survive. Vernacular communities 
meet their needs spontaneously and in a nature-
friendly manner with minimum environmental 
impacts, as the settlements demonstrate a nature-
based design with a more nature-integrated social 
life. Therefore, vernacular settlements and vernac-
ular communities are especially helpful for a better 
understanding of the philosophy of self-sustaining 
habitat systems. In this context, the general pur-
pose of this research is to investigate the self-sus-
taining and self-production approaches that are 
seen in vernacular settlements and their social and 
spatial analysis.

1 FOREWORD

The increasing evidence of human-initiated climate 
change and its negative outcomes on the human 
habitat make •self-sufficiencyŽ an important 
approach for the cities of today. The rapid consump-
tion of natural resources and the negative effects of 
carbon footprint from human settlements urge to 
develop new concepts of city life that respect nature 
by generating a low environmental impact. There-
fore, self-sustainability of human habitats becomes 
more important as it offers a series of answers to 
the environmental requirements of cities today.

After the industrial revolution at the end of 18th 
century cities grew up rapidly and became centers 
of population and production. The growth of mod-
ern industry led to massive urbanization and the rise 
of numerous large cities. The urban areas became 
increasingly more attractive for the population as 
they offered new employment opportunities, which 
caused massive migrations from rural to urban 
areas. In 1800, only 3% of the world•s population 
lived in cities while at the beginning of the 21st cen-
tury, this proportion has risen to nearly 50%.

Rapid growth brought urban problems in 
environmental contexts related to the increasing 
industrialization, required inputs of energy and 
transportation of commercial goods all around 
the world. Also climate change, globalization 
and demographic change are shaping future cities 
which have to become more resource-efficient and 
environmentally friendly to reduce their carbon 
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2 BACKGROUND AND RESEARCH 
METHOD

Vernacular architecture exists as long as mankind. 
As it is defined by Paul Oliver (1997): •comprises 
the dwellings and all other buildings of the people. 
Related to their environmental context and available 
resources, they are customarily owner or community 
built, utilizing traditional technologies. All forms of 
vernacular architecture are built to meet specific 
needs, accommodating the values, economies and 
ways of living of the cultures that produce themŽ.

As it is mentioned before, vernacular settle-
ments are characterized by •built to meet needsŽ 
philosophy as an instinctive response to the basic 
requirements of the people•s survival. Vernacular 
communities have the necessity to live with lim-
ited resources; therefore they have the awareness 
that they should achieve to meet all their basic 
needs such as production of food and shelter by 
using minimum energies. This reduction of energy 
consumption has become possible only with the 
maximum adaptation to the nature by creating the 
most adapted building shape and envelope, using 
the natural energy resources like water, wind and 
sun power. Each vernacular habitat is also able to 
feed itself with minimal reliance on the surround-
ing settlements, has the capacity to power itself  
more with renewable sources of energy compared 
to contemporary urban areas. For these reasons 
vernacular settlements meet the conditions of •self-
sufficiencyŽ naturally.

One of the main features of vernacular commu-
nities is undoubtedly •collective livingŽ where indi-
viduals collaborate together to deal with the living 
challenges and resolve the common problems. This 
characteristic of vernacular communities allows 
them to have a human chain of productivity that 
facilitates to create a self-sufficient community.

2.1 Principles of a self-sustaining urban habitat

The main features of self-sustaining habitats base 
on •proximityŽ and •accessibilityŽ of the goods 
and food. These systems accommodate the needs 
of the communities within little distances, often 
comfortable walking distances. Therefore, self-sus-
taining habitats help to reduce carbon emission due 
to the transportation of the goods. It also allows 
reducing transportation and infrastructure costs. 
This fact evidences that another main feature of 
self-sustainability requires a well-determined ter-
ritorial limit. For example, a self-sustaining urban 
habitat shall define the extents of its territory by a 
radius of low distances that can be easily accessed 
by walking or light vehicles like bicycles.

Self-sufficiency features also increase the •resil-
ience capacityŽ of the urban areas as it rise the 

know-how about local food production of the soci-
eties and made them capable of producing their 
own food in case of emergency.

2.2 Research method

This paper is articulated by two phases; the first 
part includes state-of-the-art research on the pro-
duction culture of vernacular communities in 
Mediterranean regions. In the second part, the 
medina of Chefchaouen, a Mediterranean Moroc-
can city has been analyzed in the terms of the levels 
of production and its effects on urban and build-
ing morphologies. Specific spatial analysis has been 
done on the single dwelling, patio house, which is 
the smallest compound of the productive urban 
system of Medina.

The general aim of this research consists in the 
comprehension and the valorization of vernacu-
lar production systems and their contributions 
to the understanding of self-sufficiency of today. 
One of the specific purposes of this work has been 
the definition of the self-sustaining principles that 
vernacular communities used to deal with the food 
security and auto-sufficiency.

3 PRODUCTIVITY AND VERNACULAR 
COMMUNITIES

Production in vernacular communities relies pre-
dominantly on agriculture and artisanship pro-
viding the population•s common needs at survival 
levels. Methods of cultivation and agricultural 
implements mainly base on manpower; therefore 
the productivity is at an essential level in compari-
son with industrial societies. In practice it was the 
community who had to adapt itself  to the produc-
tive capacity and not the other way round as it 
happens in the industrial societies.

The production is usually handed down from 
father to son or from master to apprentice in the 
vernacular communities. The artisanship sectors 
are grouped around separated districts so only 
district in the city had a productive characteristic 
according to the artisanship activity done. The dis-
tricts and the streets were mainly called with the 
names related to the artisanship productions that 
took place in that determinate area (Carr et al. 
2009).

The agriculture was mainly done within the city 
walls at the margins of the cities. The grain stor-
ages were used to be placed closer to the city center 
for security reasons in case of wars and disasters.

The production is done sufficiently at essential 
rates, therefore all settlements are substantially 
autonomous and close to the self-sufficiency.
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3.1 Attributes of vernacular production system

As it is mentioned before, the •proximityŽ and 
•accessibilityŽ are the most important characteris-
tics of the self-sustaining cities. In this context the 
urban layout of the vernacular settlements meet 
morphological requirements of self-sustainability 
as it offers a compact urban pattern enclosed by 
city walls, which also help to determine the city 
margins and limit the extension of its territory.

Most vernacular settlements are founded on the 
geographically advantageous places such as river-
side, mountain slopes in order to profit better the 
natural resources. Another reason that has a great 
effect on the selection of the area is to provide pro-
tection from natural hazards and enemy attacks. 
The productive activities within the cities have a 
relevant role on shaping the urban structure. If  a 
determined production has requirements like rapid 
access to water or wind energy, this type of produc-
tions is set near the resources that they need. In this 
way the majority of the energy demands for the pro-
duction is ensured from natural energy resources. 
Whereas the productions that serve to the everyday 
life are formed close to the city center in order to 
facilitate the accessibility from the dwellings.

3.2 Scales of productivity in vernacular 
settlements

The production facilities can be classified in two 
main scales; the first scale, which has a major 
dimension in comparison with the second one, is 
•collective productionŽ and it also has a commer-
cial side. Collective scale has also a great dimension 
of productivity such as agricultural cultivation, 
textile manufacturing, grain processing and several 
sectors of artisanship. Principally the sectors that 
need specific requirements are part of the collec-
tive production so the •collectivenessŽ gives the 
opportunity of sharing specialized installations 
needed for production. One of the characteristics 
of these sectors is being uniformly diffused within 
the urban pattern but well grouped between them-
selves (Scott 1997). Therefore they are accessible 
from dwellers and have the advantages of sale at 
km 0. With this feature, the sectors of collective 
production eliminate the transportation needs of 
goods and its costs.

The second scale of the production facilities in 
vernacular settlements is •individual productionŽ 
which has a minor dimension compared to •collec-
tive productionŽ. This term refers to the domestic 
productions that can be carried out within a resi-
dential unit. This scale of production doesn•t have 
commercial features. It generally meets the nutri-
tional needs of the single families such as garden 
cultivation, livestock, drying fruits and storages.

In the vernacular communities the production is 
diffused in all over the urban area and as a produc-
tion chain created by different scaled activities.

4 COLLECTIVE LIVING AND 
PRODUCTION: CASE STUDY OF THE 
MEDINA OF CHEFCHAOUEN

The province of Chefchaouen is located on the 
chain of the Rif  Mountains in north-west of 
Morocco. At the time of its foundation (1471), 
Chefchaouen was used as a defensive base, pro-
tected by the walls of the ridge and a bastion (AA.
VV. 2001). The relatively confined location has a 
double advantage: it ensures the defense and, at 
the same time, enhancing the dominance of routes 
to extend far its area of influence.

On the geological features, the different struc-
tural elements have created the conditions for the 
formation of a real reservoir of natural water. 
Chefchaouen was probably founded on the current 
site not only due to its sheltered position that natu-
rally defended it against all attacks, but also mainly 
due to the abundance of water rising from a crack 
in the limestone ridge (Figs. 1, 2).

Figure 1. Distribution of water courses in Chefchaouen 
(L. Dipasquale).

Figure 2. Water course and mill in Sebanine district, 
Chefchaouen (L. Dipasquale).
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4.1 Characteristics of urban structure

The medina of Chefchaouen has developed spon-
taneously and in the absence of a pre-established 
pattern: its structure is a cityscape clear synthesis 
of cultures, social traditions and topography of the 
area. The morphology of the medina seems to be 
the result of a purely aggregative, devoid of tracks 
regulators, strictly adhering to the site character-
ized by complex geography, but according to the 
rules of an Islamic city. The different modes of 
aggregation of houses, squares and services have 
given rise to the urban fabric and the articulation 
of the spaces of the city (Dipasquale et al. 2013).

4.2 Elements of the collective production

The productive and commercial activities are gath-
ering in the center of the medina, around the square 
of Outa el Hammam and along the main axes 
of distribution through the gates of the medina 
(Fig. 3). The streets between residential units 
are very narrow and have a tortuous course, the 
squares are non-existent; the relationship spaces 
are formed only by widening the crossroads.

The production in Chefchaouen is characterized 
by the sectors that require the use of water such 
as weaving workshops and the mills. The Seba-
nine district was born in the mid-sixteenth century 
and is in close relationship with the river. It is also 
known as •the mill•s districtŽ. The mills found in 
this place have a relevant role in flour supplying 
for the furnaces of medina. The mills are located 
on the river Ras el Maa, their construction was 
made by Spanish Andalusian, from the foundation 
of the city, organized an ingenious hydraulic sys-
tem. Their architecture is very simple, consisting 
of a rectangular room, divided into two levels: the 
ground floor and the wheel located at the bottom 
where there is a cellar that holds the blades that 

operate the mill and whose side walls have open-
ings to allow passage of water. The river water is 
channeled from the main tank to the load of the 
mill; falling under high pressure, the water drives 
a wheel fitted with a metal blade, through which a 
pin vertical wood transmits the movement to the 
grindstone placed horizontally on top of another 
mill fixed. The grain is poured into a funnel of 
wood that surmounts the grinding stone; flour 
then is collected in a hopper below.

Among the productive activities of the medina 
occupy a prominent place the production of tex-
tiles. The Al Onsar district is characterized by 
weaving workshops. Mainly there are woven of 
wool (with which the inhabitants of the Rif  tai-
lor the gillaba, traditional dress consists of a kind 
of tunic with hood), woolen carpets, linen cloth 
and cotton striped red and white, that the Berber 
women place over the shoulders and wrap around 
the waist.

The laboratories in which the fabrics are manu-
factured generally occupy a rectangular area of 
8 m long and 2.50 m wide, and are covered by a 
gabled roof with red tiles.

They are divided into two overlapping rooms, 
with separate doors that open up on the same side: 
the access to the upper room is by means of a stone 
staircase against the outer wall. Each room has two 
frames. The light, low, comes only from the door, 
and the room is small area through open holes in 
the wall. The walls are generally made of stone not 
square, to reinforce the corners and piers of the gates 
and small oil lamps using solid bricks (Fig. 4).

The commercial spaces spread along the narrow 
streets of the neighborhood, where they are thickly 
lined shops that distribute products of all sorts. The 
shops, very small (typically 1.20…2.00 m wide by 
2.00…3.00 m in length) have a double door of wood 

Figure 3. Distribution of productive activities in 
Chefchaouen (L. Dipasquale). Figure 4. Elements of the collective production: the 

textiles laboratory and the foundouk (L. Dipasquale & 
V. Volpi).
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as the only opening. The district of Souika which 
literally means •small marketŽ is characterized by 
shops along its streets in the core of the urban pat-
tern of Chefchaouen (Mecca et al. 2009).

On the other hand, trade relations between the 
city and the mountains take place in a special com-
mercial space, called fondouk, which is one of the 
oldest institutions of the medina. The fondouk 
is a large structure able to provide accommoda-
tion to travelers, traders and farmers who come to 
Chefchaouen to sell their agricultural products and 
to buy handmade goods. It is also designed to shelter 
animals and to store produce. The structure of the 
fondouk normally consists of a square or rectangu-
lar space, with a monumental entrance. The central 
courtyard is surrounded by portico s with rooms on 
the first floor reserved for the accommodation of 
travelers, while the ground floor rooms are used for 
the storage of produce, and sometimes as stables. 
In the past there were four fondouks in the city of 
Chefchaouen, however now only one continues to 
be operative. It is located in the northwest corner of 
Uta el-Hammam square, and it is the largest one, 
with an area of about 596 m2, fifty rooms distrib-
uted between the ground floor and the first floor, 
storage rooms, warehouses and latrines.

4.3 Elements of collective living

In the traditional structure of the medina, each 
district (called in hawma) provides the basic facili-
ties, which are essential to the conduct of everyday 
life of the community.

The district is an area intensely lived and perfectly 
perceived by its inhabitants, and all the daily needs 
are met by collective facilities: bread ovens, public 
baths (hammam), fountains, places for collective 
worship (mosques), Koranic schools (zaouias), and 
shops to supply daily household (Fig. 5, 6).

The complex system of relationships that is cre-
ated in a collecting living are regulated by a strict 
social mutual control; the respect for the rules of 
good behavior is a very important value in the 
social structure of Islam, and it regulate the antag-
onisms among the inhabitants.

Until the end of the nineteenth century the 
districts of the medina were very closed organ-
isms, possessing its own walls. Today, the sense of 
belonging to their neighborhood is still very strong, 
but the different districts communicate with each 
other through economic and social relations.

Among the collective facilities, ovens help to 
meet the needs for a self-sustaining production.

There are 15 collective ovens still active in 
Chefchaouen. They are generally located at the 
intersection of the district main streets and are 
needed to the families who knead the bread in their 
homes, and need an oven to cook it.

The structure is simple: it is a room small rec-
tangular and not very high (between 2 and 3.5 m), 
covered with a gable roof of red tiles from which 
he chimney emerges. In the room there is the fur-
nace, composed by a vaulted brick structure, and 
a platform where are arranged the planks with 
the uncooked bread, and a space for the firewood 
storing.

The hamam is another collective facility that 
has always played a key role in Muslim society.

As well as supplying the hygienic needs, its main 
function is linked to the ritual greater ablution, so 
that the faithful can regain a state of purity nec-
essary to approach to the prayer; for this reason 
is it often built near the mosque. The bath is not 
only an Islamic religious practice, but also a dis-
traction and a pleasure: the hamam is almost all an 
important socializing and meeting collective space 
(Mecca et al., 2009).

Figure 5. Distribution of urban facilities in Chefchaouen 
(L. Dipasquale).

Figure 6. Elements of the collective living: the hamam 
and the collective oven (L. Dipasquale & V. Volpi).
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4.4 Elements of the individual production; 
the role of •patioŽ

In this context, the dwellings, as the smallest units 
of the collective production, have a relevant role 
in the individual production chain. For vernacular 
dwellings, the •patioŽ has a fundamental function 
as it offers privacy with a semi-open introverted 
form. Furthermore, the patio, with its great capac-
ity to provide a central organization for the pro-
duction facilities becomes a phenomenon in the 
vernacular habitat units. As observed in numerous 
traditional settlements in different Mediterranean 
regions such as in Italy in Sardinia region, stalls, 
domestic laboratories, wells, furnace and storages 
of the cultivated products are mostly organized 
around the patio. Morphology of patio consti-
tutes a relevant role in the medina of Chefchaouen 
as well. Patio houses are principally built on 2…3 
floors where at the ground floor the spaces with 
production facilities take place. Apart from a spa-
tial organizing of the production activities, the 
patio sometimes may contain a garden with fruit 
trees and contribute domestic food production. In 
addition, some patio houses have water wells under 
the central atrium, which helps to collect rainwater 
in the collection tanks.

5 CONTRIBUTIONS OF SELF-
SUSTAINING STRATEGIES FROM 
VERNACULAR SETTLEMENTS FOR 
CITIES OF FUTURE

In terms of urban design and building cultures ver-
nacular settlements establish an adaptable archi-
tecture to the different dimensions of production 
activities. With the land use strategies, the clever-
ness of integration to the place, the smart way of 
utilizing natural renewable energy resources and 
the reduction of pollution and costs of transpor-
tation, vernacular communities, with their way of 
living, become important cases to analyze for a 
better understanding and valorization of their self-
sustaining principles.

Rapid urbanization means that the conditions 
of urban areas need to change rapidly. The pre-
visions say that by 2030 there will be many cities 
with 30 million people. The self-production of 
food is getting more vital each day. The cultural 
heritage of vernacular settlements will provide us 

basic strategies of self-sustainability in order to 
develop them with the possibilities of contempo-
rary technologies.

6 CONCLUSIONS

The way of living of vernacular communities is 
based on •collectivenessŽ and •optimal use of 
natural resourcesŽ so it is inherently self-sustaining 
and environment-friendly. They are also economi-
cally convenient.

As it is seen in the case study of Chefchaouen, a 
vernacular city can include all sorts of production 
sectors that the community needs by placing them 
in the functionally appropriate places to reduce 
energy needs. Vernacular communities for long 
years have experienced and developed both urban 
and architectural self-sustaining strategies. Our 
research aims to underline how it is achieved to live 
more sustainable within the social and economic 
terms in the vernacular settlements.

Our case study and other examples of vernacu-
lar settlements offer approved solutions for meet-
ing the human•s basic needs and they all resisted 
and evolved through the social, economic and 
climate changes for many years. One of the pur-
poses of this research is to help decision makers 
and urban planners notice the importance of the 
heritage of vernacular architecture in identifying 
the principles of sustainable urbanization.
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3D survey for conservation: The case of the Caleo farmhouse 
in Campi Flegrei
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ABSTRACT: The farmhouses of Campi Flegrei represent a unique heritage, which is marked by com-
plex relevancies, consisting of territorial, archaeological, historical and constructive values. In fact, the 
farmhouses had grown in time over the ancient roman structures of the villae rusticae with a clear con-
tinuity of building techniques. Today, many of these farmhouses are marked by a condition of neglect. 
This, on one hand, has preserved their authenticity but on the other it has exposed them to the risk of 
loss and alteration of their values, especially concerning their constructive techniques and materials. In 
order to protect them, only a thorough survey and a 3D representation can help by managing the difficult 
strategies of conservation, like the one carried out on the «Masseria Caleo» in Pozzuoli, which stands out 
as a significant case-study, for the presence of a roman columbarium and for its belonging to the religious 
property of the monastery of S. Martino.

Pozzuoli. The presence of geothermal phenomena 
(thermal springs, fumaroles, exhalative volcanic 
activity underwater) and bradyseism, typically 
emphasizes the volcanic nature of Campi Flegrei. 
All these peculiar characteristics of geomorpho-
logical, environmental and natural order, combined 
with the richness of its ecosystem and the presence 
of archaeological remains of relevant historical 
and artistic value, make this region unique (Alisio 
1995; Sirpettino 1999; Di Liello 2005).

1.2 The Roman settlement and the villae rusticae

Inhabited since ancient times by a primitive pop-
ulation called Cimmerii, the region of  Campi Fle-
grei was colonized in the 8th century B.C. by the 
Greeks, who settled the first city of  Cuma over 
a cliff  that looks towards the island of  Ischia. 
Conquered by the Samnites in 421 B.C., the ter-
ritory passed under the Roman rule in 338 B.C. 
becoming a strategic land for Rome, thanks to the 
harbor of  Puteoli (the ancient Greek colony of 
Dicearchia) which was the main port in the south 
Tyrrhenian sea (Annecchino 1960; Maiuri 1981).
While many rich Roman citizens built their leisure 
villas along the coast, a widespread rural urbani-
zation arose along the routes of  communication 
between Rome, Puteoli and Neapolis, like the 
Consularis Puteolim Capuam and the Puteolis„
Neapolim per colles.

The rural dwellings, in Latin villae rusticae, were 
settled in preference on the plains, which were suit-
able for agriculture, like vineyards and or-chards 
(Falcone 2009; Picone 2013). Moreover, many 

1 THE FARMHOUSES IN CAMPI FLEGREI

1.1 The territory and the landscape

The Campi Flegrei (Phlegrean Fields) is a geograph-
ical region in Campania, located north-west of the 
city of Naples, which covers an area of approxi-
mately 200 km2 around the Gulf  of Pozzuoli. It is 
bounded by the Posillipo hill, Nisida, Miseno, and 
Cuma and it includes the municipalities of Poz-
zuoli, Bacoli, Monte di Procida, Quarto Flegreo, 
the Neapolitan districts of Agnano, Fuorigrotta, 
Pianura, Posillipo, Soccavo, Bagnoli, and the 
islands of Ischia, Procida and Vivara. In ancient 
literature, historians like Polybius and Diodorus 
indicated as Campi Flegrei the entire Campanian 
plain south of the Volturno and over the Vesuvius, 
whereas Strabo descripted the region in 18 A.D. 
with accuracy, corresponding to the present day 
boundaries (Strabone 1988).

As it is well known, the etymology of the name 
•phlegreanŽ comes from the greek verb �� ��  
which means •to burnŽ. The first Greek settlers 
called the region this way for all the volcanic phe-
nomena and its peculiar geophysical conforma-
tion. In fact, the Campi Flegrei constitute a vast 
and complex set of extinct craters that have issued 
fragmentary material. The sequence and intertwin-
ing of different volcanic systems gave a very com-
plex morphology to the region, characterizing it 
more as an area of tectonic subsidence rather than 
as a true central caldera (De Lorenzo 1909). The 
last eruptive event occurred in 1538, giving rise 
to the formation of Monte Nuovo (133 m), near 
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tombs, mausoleums and colombarii arose along the 
route of Via Campana as well (Fig. 1).

1.3 From medieval to modern transformations

After the barbarous ravages, the Roman villae rusti-
cae became the hubs of a new territorial organiza-
tion which followed the fall of the urban civilization 
(Sereni 1961). Thus, in the Middle Ages the rural 
dwellings grew over the Roman ruins, turning the 
ancient colombarii and mausoleums into rural facili-
ties, but often preserving their shapes and materials. 
During that period the property of the dwellings was 
progressively acquired by the powerful monasteries 
of Naples, like S. Chiara and S. Martino. In fact, 
since the 12th century, the power of the Neapolitan 
monasteries strengthened to such a point that the 
greatest part of the Campi Flegrei belonged to them, 
and this massive presence on the territory gave rise to 
a new form of productive reorganization of farms. 
The remaining parts were divided among citizens, 
public domain and big baronial ownerships. For 
most of the 18th century, many farms that belonged 
to the religious orders arose in the Campi Flegrei. 
The monasteries didn•t manage directly the estates, 
but they rented them to third parties through the 
payment of an annual income (Falcone 2009). In the 
following epochs, some hamlets were sold to noble 
families, like in the case of Pianura, instead those 
located in Pozzuoli remained of private ownership. 

The great affluence resulting from the productivity 
of the estates of the monasteries lasted until 1767, 
when the Jesuits were expelled from the Kingdom 
of Naples due to the excessive centralization of 
wealth and possessions. The same destiny hap-
pened to other monasteries suppressed in 1799 by 
the Neapolitan Republic, which confiscated all their 
properties. Since the early 19th century, in addi-
tion to the suppression of many religious orders, 
the dismemberment of the great secular property 
started, leaving hundreds of rural dwellings isolated 
in the territory of Campi Flegrei. Despite the radical 
changes that occurred in the whole area of Campi 
Flegrei over the 19th and 20th centuries, the remains 
of this rural heritage are still visible, although often 
altered or hidden by modern constructions. In 
many cases, the abandonment and neglect that have 
affected the dwellings have guaranteed the preserva-
tion of their material authenticity, making of them 
significant testimonies of vernacular architecture, 
traditional building techniques and materials. This 
is particularly evident for the masonries, the vaults, 
the plasters, the finishing elements, and even for the 
archaeological remains of the villae rusticae. But, at 
the same time, this heritage is seriously threatened 
by the risk of loss or alteration, due to the lack of 
any kind of guardianship. Therefore, surveys and 
documentations are fundamental to assure the 
future life of the rural dwellings, protecting them 
from bad restorations and transformations.

Figure 1. Detail of the archaeological map of Campi Flegrei by STR (1993), highlighting the Masseria Caleo, today 
Zampaglione.
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2 THE CASE OF CALEO FARMHOUSE

2.1 Historical notes

The «Masseria Caleo» (where masseria could be 
translated as farmhouse), owned today by the Zam-
paglione family, is a significant example to highlight 
the aforementioned characters of rural dwellings in 
Campi Flegrei. The housing structure is multi-cel-
lular, constituted by a main building, square based 
and three floors high, and other smaller satellites 
organisms that surround it (Figs. 2-4-5-6).

The farmhouse was formerly named Caleo or 
Calena, as it is reported on many topographic 
maps, first of all on the Carta topografica ed idro-
grafica dei contorni di Napoli by Regio Officio 
Topografico (1817…19). It was located on a side 
lane of the ancient Via Campana, corresponding 

Figure 2. The «Masseria Caleo» today Zampaglione 
(Battaglia 2009).

Figure 3. The Roman columbarium, used in modern 
times as cellaio and transformed today in a waste deposit 
(Battaglia 2004).

Figure 4. Plan at level 0.00 of «Masseria Caleo», today 
Zampaglione (C.C. Battaglia).

today to the area of S. Martino in the municipal-
ity of Pozzuoli (Fig. 1). Like other rural dwellings 
of this area, the farmhouse was built beside, and 
probably over, a roman settlement that is docu-
mented still today by an important archaeological 
evidence: a vaulted structure, maybe a columbar-
ium, with walls in opus reticulatum and niches for 
cinerary urns (Cascella 1984). In the modern era 
the columbarium has been converted in a cellaio, 
which is a distinctive feature of the area of Campi 
Flegrei used to store wine thanks to the ventila-
tion and optimum temperature. Today, the roman 
structure has become a deposit of waste, laying in 
a serious state of neglect (Fig. 3).

Figures 5…6. Cross sections of the «Masseria Caleo», 
today Zampaglione (C.C. Battaglia).
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The Caleo farmhouse was part of a larger circuit 
of estates, spread in the Phlegraean territory, belong-
ing to the monastery of S. Martino, the properties of 
which stretched over an area of about 300 Neapoli-
tans modius (moggio napoletano). The close proxim-
ity to the farmhouse of S. Martino make us assume 
that the former inhabitants of Caleo farmhouse 
worked the land on behalf of the convent, and that 
the farm itself was part of a wide-scale economic 
gear which also involved other surrounding settle-
ments. In the early 19th century the farmhouse was 
probably sold to the Caleo•s„a family of wealthy 
landowners who had assets in the areas of Pianura, 
Quarto and Pozzuoli„acquiring their name.

Finally, in the 20th century, the Zampaglione 
family inherited the farmhouse from the ancestors 
Caleo. But the crisis of agriculture and the general 
neglect of the property have led to a serious condi-
tion of decay of the farmhouse, the roof of which 
has partly collapsed together with some structures 
like the external staircase. Today, the whole com-
plex of the farmhouse with the archaeological 
remains appear abandoned and exposed to dam-
ages and vandalism, claiming an urgent interven-
tion of protection and conservation.

2.2 Survey and representation: technical notes

In order to preserve all the material values of the 
«Masseria Caleo», especially those related to the 
ancient building techniques, it is necessary to thor-
oughly document its present state. For this reason, 
we have carried out a specific laser scanner survey 
and a 3D representation that aim to report all the 
irregular geometries that characterize such a par-
ticular heritage like that of a rural dwelling.

Generally, the major problem of the 2D process 
is the difficulty to represent the thickness of plas-
ters and renders, which gets lost in the traditional 
drawings that are normally used in the conservation 
design. There is a considerable loss of information 
that can be precious for a good conservation pro-
gram. Therefore, only a thorough 3D survey and 
model can represent the complexity of irregular 
shapes and materials which have been worn away by 
time. The construction of the 3D model has been 
based on a hybrid approach, using both the laser 
scanner and the architectural and photographic sur-
vey. With the use of CAD bi-dimensional primitives 
(solids and surfaces) included in the program, we 
have drafted plans, elevations and sections required 
for the construction of the basis of the first solid 
model. Subsequently, we have moved to the con-
struction of such a model, testing different modeling 
programs in order to compare the graphic perform-
ances that each of them produced.

We decided to use the Rhinoceros software, which 
is precise and versatile and allows creating NURBS 

surfaces (Non-Uniform Rational B-Splines). In this 
virtual space, different views of the building have 
been placed, forming a wireframe cage within which 
to begin the construction of the 3D model. This 
model has been produced with Extrude and Sweep 
2 rails that allow the extrusion of objects having an 
axis of revolution and establishing the path that 
should be followed during the revolution.

In the next step the model has been imported 
into Cinema 4D software, which operates a para-
metric and polygonal modeling. With the use of 
polygonal modeling, which works through groups 
of points that can be assumed as surfaces, divided 
into patches, it has been possible to shape more 
irregular surfaces and solids imported from Rhi-
noceros, in order to simulate the real physical con-
ditions of the artifact. Afterwards the work has 
moved on shaping the polygons in order to mold 
surfaces. This step is fundamental because it allows 
the construction of a model very close to reality, 
through a sort of surfaces sculpturing that illus-
trates the artifact•s actual geometry with its miss-
ing parts and collapses (Figs. 7…8).

The following passage has been the creation of 
the textures. All the photos of the farmhouse have 
been converted in two-dimensional maps to be used 

Figures 7…8. «Masseria Caleo», today Zampaglione, 
the construction of the 3D model starting from the 
hybrid survey (above) and the first result before applying 
the textures (C.C. Battaglia).
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as bases for the textures and for the bump map-
ping (the bump maps are relief maps on a grayscale 
mesh; in such a way the two-dimensional textures 
become three-dimensional). Finally, the textures 
were applied to the surfaces of the model, mapping 
them in order to match perfectly (Fig. 9).

The result is a 3D realistic model (Figs. 10…11) 
that thoroughly documents the present state of the 
farmhouse and allows controlling and verifying any 
operation of conservation. It is possible, for exam-

ple, to simulate the effects of a reintegration of col-
lapsed parts„like the staircase„or verify the final 
appearance after the processes of conservation of 
the plasters. This can be very relevant, in order to 
show the outcomes of the restoration choices to 
the owners and to the authorities, convincing them 
of the opportunity to preserve the authenticity and 
the materials of the artifact (Vegas, Mileto 2011).

3 CONCLUSIONS

The farmhouses of Campi Flegrei represent a rele-
vant heritage that is not rightly protected yet. Their 
identity intertwines on one hand with the territory 
and archaeology, and on the other with the tradi-
tional building techniques and material.

If  we agree that a deeper knowledge brings 
a deeper conservation, we need to analyze and 
document this heritage before it•s too late. Only a 
thorough survey can prevent from alterations that 
are very common among these farmhouses, often 
owned by privates that are not aware of their his-
torical, anthropological and technical values.

The example of «Masseria Caleo», with its con-
dition of neglect, clearly shows the risk of total loss 
that the rural dwellings run today. The case-study 

Figure 10. «Masseria Caleo», today Zampaglione. View 
of the the 3D model from the North (C.C. Battaglia).

Figure 9. «Masseria Caleo», today Zampaglione. The process of bump and texture mapping of the 3D model (C.C. 
Battaglia).
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highlights both the relevance of this heritage and 
the need of a correct program of protection and 
conservation whose first step is to survey, docu-
ment and represent, in order to manage the strate-
gies for its conservation.

4 NOTE

Although the present paper is the outcome of a col-
lective work between the two authors, par. 1 and par. 
3 are by Andrea Pane and par. 2 is by Cira Claudia 
Battaglia. Translation editor: Damiana Treccozzi.
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The traditional architecture of Cabanyal neighborhood, 
a sustainable heritage
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ABSTRACT: The Cabanyal neighborhood is a historic site on the waterfront of the city of Valencia. 
It is characterized by its vernacular architecture, resolved through constructive and formal solutions tai-
lored to the implementation site, in harmony with local climate conditions. An environmental study has 
been carried out in order to check the bioclimatic performance of this residential architecture, using the 
Bioclimatic Givoni Chart, radiation maps on the horizontal plane and solar obstruction diagrams for 
every predominant orientation of its urban planning. The results confirm that due to its climatic environ-
ment, the geometry of its urban planning and typologies, the Cabanyal neighborhood presents suitable 
conditions for the use of passive bioclimatic strategies and is a very good example of sustainable vernacu-
lar architecture.

1 THE CABANYAL NEIGHBORHOOD, 
AN EXAMPLE OF VERNACULAR 
ARCHITECTURE

The Cabanyal Neighborhood, is an example of 
vernacular architecture located east of the city of 
Valencia, connecting the city and the sea (Fig. 1). 
Its waterfront location led to the development of 
an urban settlement geared towards the benefits 
deriving from the sea.

Over time, the settlement became the natural 
environment for the stable employment and resi-
dence of fishermen.

Inhabitants had to bear in mind several premises 
when choosing this locality. The capacity of the 
sea as a provider of resources for subsistence, site 
safety against natural disasters, the optimal condi-
tions of temperature, humidity, as well as the use 
of the land.

Planning took the form of housing block plots, 
as in any industrial setting. These were in rows and 
grouped back to back, giving priority to the orien-
tation of housing in east-west direction and acces-
sibility from the sea. Housing blocks were built 
on strips of very elongated proportions and were 
several plots deep.

The possibility of growth initially seen as unlim-
ited was conditioned by the different water chan-
nels that crossed the settlement.

The settlement progressively took shape in a proc-
ess of constant balance within nature, becoming heir 

Figure 1. Plan OF •El Grau•. Echevarria 1857. SGE nº 
183. (Aguilar 1997, 85).

Figure 2. View of El Cabanyal 1858. Cosmes & Mar-
tínez (National Library. Madrid).

to a kind of traditional and vernacular architecture 
derived from the fishermen•s shack (Fig. 2).
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2 BIOCLIMATIC ASPECTS OF THE AREA

In this study, the bioclimatic conditions of the Caban-
yal Neighborhood have been analyzed in order to 
establish a diagnosis of suitable passive strategies.

The bioclimatic and architectural aspects which 
characterize the area include the proximity of the 
sea, the town-plan direction, the density of build-
ing, the shape of the street section, and the pres-
ence of corners.

2.1 The proximity to the sea

The proximity to the sea has a great influence on the 
climatic qualities of the area. Near water masses, a 
sort of mesoclimate is created, whose action modi-
fies average temperatures: the daily and annual 
oscillation decreases whereas the relative humidity 
increases. In winter, the temperature on the seashore 
is higher than inland, and in summer, the temperature 
is cooler and the humidity increases. The presence 
of water is beneficial to the temperature-humidity 
index of human welfare binomial (Fig. 3).

In addition, there is a temperature gradient per-
pendicular to the sea, which spreads along a narrow 
strip that changes direction from day to night. The 
cooling effect produced by the air as the water evap-
orates is an important factor in these movements.

Another comfort promoting effect on the marine 
environment is the breeze. On a moderately sunny 
day, the earth is warmer than the sea and this cre-
ates a sea breeze from the sea to land. This effect, 
a characteristic feature in coastal areas, is strong-
est in the afternoon. During the night the wind 
changes direction, and this effect is more notice-
able in spring and summer.

2.2 The town-plan direction

The town-plan direction influences the possibilities 
of building ventilation and radiation. The formal 

structure of this sector offers a reading of north-
south bands, the main streets parallel to the sea, 
while in the opposite direction, crossings or minor 
streets are visual and environmental corridors link-
ing the city and the sea.

The alignment of the north-south pattern, 
places façades in the east and west direction, and 
in this case the radiation provides more heat load 
in summer and less in winter, so the temperature is 
higher in summer and lower in winter (Fig. 4).

The continuity of the plot allows the wind better 
fluency conditions, and thus less turbulence, ensur-
ing the buildings are less exposed to wind and have 
better ventilation conditions.

2.3 The density of building

The density of building is involved in energy 
exchanges between the building and its environ-
ment. The higher the density of building, the lower 
the energy exchange. This makes temperature more 
stable and ventilation therefore more difficult.

2.4 The shape of the street section

The shape of the street section influences the Height 
/Width ratio. A decrease in the ratio improves pos-
sibilities for energy exchange both for solar gain 
and lighting, while decreasing the possibilities of 

Figure 3. Book-Cover. Photoplan of Valencia. Project 
of railway and urban renewal 1994 (Llopis, VTiM arqtes 
& Perdigón 2010, 19).

Figure 4. Plot Plan (Ord. PEPRI Cabanyal-Canyamelar 
T 1, 27).

Figure 5. Street segment elevation and site map. José Ben-
lliure Street (Ord. PEPRI Cabanyal-Canyamelar T 1, 17).
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ventilation. The building will have lower internal 
temperature, higher humidity and poorer ventila-
tion (De Luxan et al 1997, 61) (Fig. 5).

The urban growth that took place in the 70s, 
along with the increasing height of  the buildings 
in the perimeter of  the area, modified the rules 
and producing a wind shield that has a nega-
tive impact on the use of  traditional ventilation 
systems.

2.5 The presence of corners

A change in the orientation of  the plot pattern 
occurs at the corners. In this case, given the cor-
ner location there are several possibilities for 
buildings. In general, there is more direct and 
indirect sunlight radiation on the south façade, 
but on the north side direct sunlight decreases, 
and higher temperatures may be reached within 
the architectural space in winter than in summer 
(Fig. 6).

The corner effect increases the air speed in the 
contact area of  the exposed side, with a depres-
sion which occurs on the non-exposed side of  the 
building. This phenomenon increases in propor-
tion to the height of  the building (De Luxan et al 
1997, 61).

3 BIOCLIMATIC DIAGNOSIS OF THE 
CABANYAL NEIGHBORHOOD

3.1 Application of the Givoni bioclimatic

In order to propose the use of bioclimatic strate-
gies in a particular location, •Bioclimatic Charts• 
are often used to input monthly mean values of 
temperature and relative humidity, and help pre-
scribe the most appropriate strategies for main-
taining the building in a comfort situation for the 
longest possible period.

Among the many bioclimatic charts proposed 
by various authors, that proposed by Baruch 
Givoni in his book •Man, Climate and Architec-
ture• (1969) is frequently used.

The representation of the monthly average val-
ues of the area on the Givoni Bioclimatic Chart 
produces a segment defined by its two extreme val-
ues, Temperature and Relative Humidity. The rep-
resentation of the twelve months of the year on the 
diagram allows the site to be characterized from a 
bioclimatic point of view. The Bioclimatic diagram 
obtained is represented in Figure 7.

Based on the strategies defined, the bioclimatic 
diagnoses of the Cabanyal Neighborhood are as 
follows:

Š December, January, February and March: Pas-
sive solar systems are recommended.

Š November: Internal gains are recommended.
Š April, May and October: internal gains and sun-

light protection are recommended.
Š June and September: Comfort and sunlight pro-

tection are recommended.
Š July and August: Permanent natural and night 

ventilation, sunlight protection

The applicability of the strategies proposed in 
the Bioclimatic Diagram depends on the avail-
ability of sun and wind on the envelope of the 
building. A detailed analysis of both resources is 
proposed in order to verify availability:

Figure 6. Church of Rosario Square, corner of Rosario 
Street (Pastor 2011).

Figure 7. Bioclimatic diagram obtained from Valencia 
data. (Higón & Pastor, 2012).
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3.1.1 Access to the wind
Prevailing winds in Valencia have an east-west 
component. In the absence of barometric gra-
dients, the prevailing winds are sea breezes that 
invert their cycle throughout the day (terral and 
virazón or land and sea breezes), and even with low 
wind intensity these are fast enough to be useful 
for building ventilation.

In the Cabanyal neighborhood there are two 
factors of particular use for ventilation:

Š Given its proximity to the sea there are strong 
sea breezes, advantageous for the purpose of 
implementing the ventilation strategies recom-
mended during the summer.

Š The layout of the urban morphology and fre-
quent architectural types in the neighborhood 
have a predominant east-west orientation, 
coinciding with the prevailing winds, and favor-
ing the circulation of air inside houses and the 
application of permanent ventilation strategies 
and night ventilation.

The previous typology, based on two-storey build-
ings common in the urban pattern of the Cabanyal 
neighborhood has been replaced in some streets by 
buildings of up to eight storeys, which in some ways 
act as a screen against the sea breeze, reducing the 
effectiveness of the ventilation strategies.

3.1.2 Access to sunlight
Access to sunlight, for use in the strategy of pas-
sive solar gains, is mainly influenced by the geom-
etry and orientation of the buildings and their 
height and spacing, which in turn depend on the 
morphology and urban typologies present in the 
neighborhood.

A three-dimensional model of the buildings was 
made in order to analyze the solar incidence on 
the buildings that make up the urban pattern of 
the neighborhood. The model represents the area 
between Mediterraneo Avenue and Pintor Ferran-
dis Avenue in an east-west direction, and Barraca 
Str. and San Pedro Str. in a north-south direction. 
Based on this three-dimensional model the shad-
ows cast have been calculated using the ECOTECT 
2010 Sw. application (Fig. 8).

The global irradiation received on a horizontal 
plane has been calculated given the accumulation 
of cast shadows over the annual period. In Fig-
ure 9 the distribution of received values of sunlight 
radiation is shown using a color gradient.

From previous studies it appears that the shape 
of the urban pattern of the Cabanyal neighbor-
hood combined with its limited height favors the 
entry of sunlight between buildings, producing 
acceptable values of global radiation on the hori-
zontal plane and on the roofs of buildings, but 
this does not make it possible to extract conclu-

sions about the behavior of façades based on their 
orientation.

3.2 Performance of façades related to sunlight 
incidence

In order to analyze the performance of façades 
as regards solar incidence, a method based on 
that proposed in Figure 3.4 of the CTE DB HE4 
(Fig. 10) diagram is used. In this figure a cylindri-
cal projection of solar trajectories is shown, divid-
ing the annual solar tour into 48 areas, in order to 
evaluate the contribution of each region of the sky 
in the calculation of photovoltaic or HW facilities.

In order to verify the performance of the differ-
ent predominant orientations of the urban pattern, 
it is proposed to choose a concrete façade, and 
produce a projection of its environment, with the 
same kind of projection as that used in Figure 3.4 
of the CTE.

The cylindrical projection through which solar 
trajectories are shown can be obtained with the 

Figure 8. Shadows cast by the buildings of the urban 
pattern of the Cabanyal neighborhood. (Higón & Pas-
tor, 2012).

Figure 9. Global radiation received on a horizontal 
plane (Higón & Pastor, 2012).
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3DSMax application, which can generate pano-
ramas and export them onto a cylindrical projection. 
This application uses three-dimensional geometry, 
choosing a point from which to obtain an image.

The panoramic image obtained can be super-
imposed on the image of the sunpaths, thereby 
defining a •solar obstruction diagram•. In such 
diagrams, which superimpose the image of the 
geometry of an environment on the image of the 
sunpaths in the sky, some sectors of solar trajec-
tories remain •unobstructed•. These sections repre-
sent the positions of the sun from which the solar 
incidence on the façade is possible, and therefore 
useful for obtaining solar energy.

The obstruction diagrams corresponding to the 
prevailing orientation in the urban pattern of the 
Cabanyal neighborhood are shown below:

3.2.1 East façade
The façades facing east have optimal conditions for 
solar gain, with 17 squares available from a total 
of 34 (Fig. 11). Regarding the sunlight protec-
tion needs, there are two quadrants which would 
require some mechanism to protect the windows 
from solar radiation at noon during spring and 
summer. The cantilever balconies provide windows 
with sufficient protection against sunlight and this 
kind of radiation.

3.2.2 South façade
South orientation has also been analyzed, since 
this is found in some of the houses in this urban 
pattern. According to the diagram (Fig. 12), south 
orientation allows some use of solar incidence 
for the purpose of implementing the strategy 

of passive solar systems, but also requires adequate 
sun protection mechanisms against sunlight at 
noon and at sunset.

3.2.3 West façade
Façades facing west may have overheating problems 
(Fig. 13). While there are some sectors available for 
the utilization of solar radiation during the fall and 
winter, sunlight protection systems are needed dur-
ing the spring and summer. The use of appropriate 
shading devices in order to prevent direct entry of 
solar radiation is strongly recommended. A kind 
of shading device widely used in the neighborhood 
is the typical roller blind, which stops the sunlight 
radiation outside the building, and thus prevents 
heat entering the building at sunset.

3.2.4 Inner courtyard facing east
The façade of the courtyard facing east (Fig. 14) 
has very similar features to the façades with the 
same orientation, although as the courtyards are 
narrower than the streets, they profit less from the 
effects of solar gain, while their protection needs 
are practically the same.

Figure 10. Reinterpreting Figure 3.4 from CTE HE4 
(Higón, 2010).

Figure 11. Obstruction Diagram of a façade facing east 
in the Cabanyal neighborhood (Higón & Pastor, 2012).

Figure 12. Obstruction Diagram of a façade facing south 
in the Cabanyal neighborhood (Higón & Pastor, 2012).

Figure 13. Obstruction Diagram of a façade facing west 
in the Cabanyal neighborhood (Higón & Pastor, 2012).

Figure 14. Obstruction Diagram of an inner courtyard 
facing east in the Cabanyal neighborhood (Higón & Pas-
tor, 2012).
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3.2.5 Inner courtyard facing west
As in the case of the west-facing façades, the inner 
courtyard in the same orientation presents condi-
tions requiring shading devices (Fig. 15). As the 
courtyards are narrower than the streets harness-
ing solar gain is not usually possible. As in the case 
of façades, roller blinds are particularly useful for 
preventing the entry of sunlight from the west.

4 CONCLUSIONS

The Cabanyal neighborhood, given its climate 
conditions, its geographical location, its geom-
etry and the typologies of  its urban pattern, is 
suitable for the use of  passive bioclimatic strate-
gies in order to obtain comfort conditions inside 
buildings with no external power supply other 
than that of  solar radiation ensuring sufficient 
heat in the winter and enough natural ventila-
tion to cool the interior of  buildings during the 
summer.

The characteristics of the Cabanyal neighbor-
hood for the purpose of application of passive 
strategies, and the aspects that can be improved 
are described below:

Appropriate aspects:

Š Weather conditions, typically Mediterranean, 
are optimal for use of passive cooling strategies; 
active strategies (heating or cooling) are not nec-
essary at any time of year.

Š The shape of the urban pattern, and the geomet-
ric relationship between road width and height 
of the buildings are suited to the application of 
passive solar systems, in order to capture solar 
radiation from the east in the early hours of the 
day during the months of December, January, 
February and March.

Š The typologies mainly used in the neighborhood, 
oriented in the east-west direction, are especially 
favorable to the application of permanent natu-
ral ventilation and natural night ventilation dur-
ing the months of July and August.

Issues to improve:

Š All west-facing façades require shading devices, 
in order to prevent overheating from April to 
October.

Š In general, given the age of the building, it is 
advisable to improve the thermal insulation in 
order to take advantage of internal gains during 
the periods from April to May and from Octo-
ber to November.

The favorable conditions for the use of pas-
sive strategies in the Cabanyal neighborhood are 
largely conditioned by the shape and orientation 
of the urban pattern.

Any alteration in the urban pattern, either tend-
ing to alter the relationship between the width of 
road and building height, or altering the orienta-
tion of the plot, would only worsen a sustainable 
urban model, whose current form is the result of 
Mediterranean tradition and common sense.
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ABSTRACT: In Europe, the 25% of the final energy consumption corresponds to households, being the 
heating/cooling of dwelling responsible for about 70% of this amount. The improvement of the energy 
performance of Europe•s residential building stock is crucial to achieve the EU•s 2020 targets. Upgrad-
ing the thermal efficiency of listed buildings, considering the use of traditional materials and construc-
tion methods besides being of architectural or historical interest is a challenge. The residential district of 
l•Eixample in Valencia (Spain), built after the city walls demolition in 1865, is where the majority of the 
Valencian Art Nouveau heritage is located, with more than 25% of the residential buildings listed in dif-
ferent grades. This paper offers information about the energy efficiency assessment of those residential 
listed buildings, describing different •heritage friendlyŽ measures and proposals for improving their ther-
mal efficiency, considering economic and environmental costs as well as dwellings• loss of floor area.

1.2 Delimitation of the study

The buildings analysed in this article are based on 
those existing into the first Eixample (conservation 
area called •PEP-1, Remei-Russafa NordŽ) and 
also into the second Eixample (conservation area 
•PEP-2 Russafa Sud-Gran VíaŽ). Dividing both 
areas are the Gran Vía Marqués del Turia and Gran 
Vía Germanías boulevards. The whole area is delim-
ited by the streets Colón, Alicante, Gibraltar, Filipi-
nas, avenues Peris y Valero and Jacinto Benavente.

According with the city council statistics and 
census data (Valencia 2013), the 42% of the exist-
ing dwellings in both parts of the Eixample where 
built before the Spanish Civil War (1936…39) and 
87% are over 30 years old. See Figure 2. Therefore, 
they were built with very low standards of com-
fort, habitability and energy efficiency. However, 
despite being an exclusive residential district and 
having a prime position in the heart of the city, 
most of them need to be retrofitted in terms of 
functionality, performance and comfort.

1.3 Listed buildings in the Eixample

Most of Valencian Art Nouveau heritage is located 
in the Eixample district and more than the 27% of 
its 2,407 buildings are listed in different grades. 
See Figure 3. Two special plans ensure the heritage 
protection: •Plan especial de Protección 1, PEP-1Ž 
for Russafa Nord-Pla del Remei quarters (PEP-1 
2005) and •Plan Especial de Protección 2, PEP-2Ž 
for Russafa Sud-Grand Gran Vía. The 50% of all 
the buildings in PEP-1 are listed and the 20% of all 
the buildings in PEP-2 are also listed.

1 RESIDENTIAL DISTRICT OF 
L•EIXAMPLE

1.1 History

The Eixample is the XIX century expansion of the 
city of Valencia and is formed by the neighbour-
hoods of Ruzafa, Gran Vía and Pla del Remei. The 
size of this area is 173.3 hectares and, according to 
the city census (Valencia 2013), there were 25,148 
registered dwellings and lived 42,840 inhabitants.

In 1853, the city of Valencia already had more 
than 100,000 inhabitants and initiated the exten-
sion of its boundaries outside the city walls. The 
urban expansion law of 1864 allowed the demoli-
tion of the city walls in 1865. Subsequently, in 1876 
was set up the Urban Expansion Commission of 
the Municipality and the Eixample was then really 
launched.

The Eixample was built according to two urban 
planning projects: the first Eixample was approved 
in 1887 and extended through the neighbour-
hood Pla del Remei; the second Eixample, known 
as Ensanche de Mora, was approved in 1912 as a 
broadening of the first and included the old vil-
lage of Russafa and what is nowadays known as 
Gran Vía quarter. Both urban projects involved 
the development of large areas of land adjacent to 
the old centre of the city and followed the grid pat-
tern designed by Ildefonso Cerdá for the expansion 
of Barcelona.

This urban grid of square blocks is not homoge-
neous because it had to adapt to existing buildings 
and to the village of Russafa absorbed by the city 
expansion.
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Grade I buildings are of exceptional interest, 
sometimes considered to be of nationally or interna-
tionally importance. They are buildings whose value 
requires consideration as unchanged structural 
unit. Listing covers the whole building, including all 
the elements that define its architectural structure: 
façades, roofing, entrance-hall, and stairsƒ includ-
ing the distribution and interior finishes. Grade II 
buildings are those which listing covers all the ele-
ments that define its architectural structure, like 
main and rear facades, roofing, entrance hall and 
stairs. Finally, the fundamental value of grade III 
buildings is environmental because they constitute 
the urban scene where Grade I and Grade II build-
ings are located. The 82% of the Eixample listed 

buildings are in this class, being the most likely 
grade of listing for a home owner.

2 RESIDENTIAL BUILDINGS

2.1 Residential typologies

Regardless the different architectural styles that can 
be found in the Eixample, (Eclecticism, Neobaroque, 
Modernism, Secession, Rationalism) there is a gen-
eral agreement (PEP-1 2005, PEP-2 2006) about the 
existence of five different residential buildings sub-
types in this area and being possible to find an story 
line which, based on the system of classical compo-
sition, compatibility of different construction crafts, 
and homogeneity in the use of materials produces 
recognizable buildings as belonging to a higher unit. 
This character was broken at the sixties when new 
buildings emerged in the Eixample causing a signifi-
cant change of its urban image.

The differences between those types are based in 
the position of the stairs, and the presence of small 
inner courtyards for ventilation, which enables to 
increase the depth of the buildings in the blocks. Out-
lines of the 5 different types can be seen in Figure 4.

The residential buildings analysed on this 
research were types B or D. The reason was that the 
84% of the listed buildings in PEP-1 and the 94% of 
those listed in PEP-2 are in these typologies. Their 
main characteristics (Alonso 2011) are: types B 
and D mark the evolution of the wealthy houses of 
the nineteenth century (type A) in their adaptation 
to the requirements of the rental housing market 
occurred until 1950; type B appears as a simplifica-
tion of type A, regarding to floor and vertical dis-
tribution, remaining the hierarchy levels; type D is 
the evolution of type B with a progressive increase 
in the use and occupation plan. The number of bays 
grows to five, increasing the building depth and 
introducing ventilation and lighting patios.

Figure 1. L•Eixample (Pérez-García & Guardiola-
Víllora).

Figure 2. Age of buildings at the Eixample (Pérez-
García).

Figure 3. PEP-1 and PEP-2 listed buildings (Guardiola-
Víllora).

Figure 4. Eixample residential sub-types (Guardiola-
Víllora).

Figure 5. PEP-1 and PEP-2 listed building•s age (Pérez-
García).
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2.2 Building•s construction details

As can be seen in Figure 5 the 78% of the listed 
buildings in PEP-1 and the 92% of those listed in 
PEP-2 were built before the end of the Spanish Civil 
War (April 1939). Along the period from 1876 until 
1936 two classes of construction technologies were 
applied (Fran 1990). Both were based on load-bear-
ing brick wall façades and inner columns of the same 
material. In the earlier cases (class I) the floors were 
supported by timber beams and joists with light-
weight masonry vaults. In the later cases (class II) 
the beams and joist were made of rolled steel. See 
Figure 6. Finally, after 1939 the new structures were 
built as reinforced concrete frames.

The main and rear façades in class I and II are 
bearing walls of one leaf two foot thick of solid 
ceramic brick with lime mortar. The thickness of the 
walls decreases to a foot and half in the upper floors. 
Traditional external coating was two layers of mor-
tar plaster and stucco, being the internal one gypsum 
plaster rendering. On the other hand, a similar brick 
wall of one half foot thickness is used for the party 
walls and for the façades of the small inner ventila-

tion courtyards. These walls were coated by mortar 
external plaster and gypsum internal plaster. See 
Figure 7. On the other hand, the main façade layout 
has traditional timber balconies with vertical win-
dows divided in two or three sheets and coupled with 
internal or external shutters or traditional blinders. 
However, the rear façade usually have big windows, 
not being possible to obtain accurate information 
from the original projects because, considered as a 
building•s secondary element they just were designed 
in floor plans. As can be seen in Figure 8, the rear 
façade openings have changed along the time. How-
ever, most of the original painted wood frames and 
glazing have been preserved. See Figure 9. Balco-
nies depth usually ranges between 50 and 65 cm 
and was limited by the construction technologies 
(60 × 40 × 7 cm stone slabs arranged one beside the 
other and embedded in the masonry wall).

Buildings of class I have a wood frame gable roof 
with slopes to the main facade and to the courtyard. 
This roof was built with timber joist embedded into 
the load-bearing facade without overhanging, and 
orthogonal rafters nailed to the joists, holding a tra-
ditional covering made out of reed and plaster or 
ceramic pieces and tiles. See Figure 10. The roofing 
of buildings class II evolved in such a way that the 
first bay was designed with a flat roof (reserved as 
space for clotheslines) while under the gable roof 
were built store-rooms. See Figure 11. In both cases, 
the roof has a substantial lack of thermal insulation. 

Figure 6. Floors (timber or rolled steel beams and joists) 
withlightweight masonry vaults (Guardiola-Víllora).

Figure 7. Original wall composition (Pérez-García).

Figure 8. Front and rear usual façades (Guardiola-
Víllora).

Figure 9. Main façade design (HAVCC) and openings 
details (Guardiola-Víllora).

Figure 10. Wood frame gable roof design in class I 
(HAVCC).

Vernacu_Book.indb   603Vernacu_Book.indb   603 7/31/2014   7:45:37 PM7/31/2014   7:45:37 PM



604

Indeed, the inhabited top floor space is separated 
from the roof structure just by a suspended ceiling 
made up with half reed and gypsum.

2.3 Analysed dwellings and procedure

According to all the above mentioned reasons, a 
systematic assessment of the energy efficiency of 
buildings included in types B or D and constructed 
using technologies I or II, has been conducted. The 
procedure required to identify the most common 
characteristics of these types of listed buildings in 
order to elaborate computer models for the most 
usual locations and orientations. It was also neces-
sary to analyse different arrangements for increasing 

Figure 11. Evolution of gable roof design in class II 
(HAVCC).

Figure 12. Urban tapestry and types of building orienta-
tion for solar radiation analysis (Pérez-García & Google 
Street view).

Figure 13. Dwelling layout and openings (Pérez-García).

Figure 14. Cross section of buildings (with street and cham-
fers breadth) for solar radiation analysis (Pérez-García).

Figure 15. Main and top floor assessment of CO2 emissions 
based on the original envelope composition (Pérez-García).

the envelope thermal insulation but considering that 
buildings were listed and deserved heritage protec-
tion. Alternatives for technical systems of heating, 
cooling and domestic hot water (DHW) were also 
considered from the energy efficiency point of view.

Two main urban locations were considered: one 
along the street and another at the chamfers of de 
block. However, 16 different positions within the 
block were studied. See Figure 12. The layouts of the 
reference dwellings are sketched in Figure 13. They 
are inspired in projects consulted at the Historical 
Archive of Valencia City Council (HAVCC). The 
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street models were 6 floors building with a façade 
length of 14 m and built depth of 20 m. The street 
had 16 m wide and the building in the opposite side 
of the street was supposed to have the same number 
of floors and height. See cross-section in Figure 14. 
The rear façade was facing the large inner block 
courtyard (84 × 56 m). Each floor was composed of 
two dwellings. The model for the buildings located 
at the chamfers had also two dwellings per floor but 
no rear façade to the courtyard. The façade at the 
opposite side was at a distance of 40 m.

The solar radiation gains were calculated for 
the main floor (having the ground floor commer-
cial use and, usually, the first floor office use) and 
for the top floor. See Figure 14. Nevertheless, the 
study was mainly centred on the apartments of the 
top floor (which envelope included the roof) due to 
its evident thermal insulation deficiencies.

3 ENERGY EFFICIENCY ASSESSMENT

3.1 Preliminary analysis and considerations

The analysis was accomplished by means of a com-
puter programme (CE3X 2013) intended for the 
study of the energy efficiency of existing buildings 
and provided by the Spanish government. Then 
computer models, based on the original envelope 
composition of each case, were built and analysed. 
Since the original envelope was not built to cope with 
the nowadays requirements, the results obtained 
mostly assigned to the flats energy efficiency labels 
far from acceptable values. See Figure 15.

The results of this preliminary approach also 
confirmed that the efficiency of apartments located 
on the main floor was higher than those placed on 
the top floor.

This is the reason why a more detailed analysis was 
performed definitely for the top floor dwellings.

The provisions of the Directive 2010/31/EU for 
listed buildings do not apply only when retrofitting 
• requirements would unacceptably alter their char-
acter or appearanceŽ and only changes compatible 
with these requirements were introduced as models 
improvements.

Figure 16. Average Energy Consumption in Spanish 
households. (Pérez-García & Guardiola-Víllora).

Figure 17. Improved wall composition to cope with 
new energy efficiency requirements (Pérez-García & 
Guardiola-Víllora).

Figure 18. Top floor assessment of CO2 emissions based 
on envelope improvements (Pérez-García & Guardiola-
Víllora).

3.2 Spanish households energy consumption

The Spanish Technical Building Code (DB HE 
CTE 2013) requires that the households energy con-
sumption do not exceed 70 kWh/m2 per year, being 
estimated that homes built before 1979 consume an 
average of 180 kWh/m2 per year (BPIA 2010).

The average energy consumption of Spanish 
households is 10,521 kWh per year, being the dom-
inant energy end-use (responsible for around 46%) 
homes space heating, followed by domestic hot 
water (18.9%), appliances (21.7%), cooking (7.4%) 
and lighting (4.1%). However, air conditioning 
only represents 0.8% as can be seen in Figure 16.
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inertia of the envelope are not as substantial as 
expected considering mild Mediterranean climates. 
However, combining the installation of highly efficient 
technical systems based on fuels with low CO2 emis-
sions the efficiency can be improved substantially.

Nevertheless, it seems that the energy efficiency 
increase is asymptotical and labels A or B, associ-
ated with zero-energy buildings, cannot be reached.

The studied listed buildings can be retrofitted 
without altering their character and the cost is less 
than 230  /m2. The inner space lost for retrofitting 
is less than 2% of the dwelling usable area.
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Figure 19. Top floor assessment of CO2 emissions 
based on technical systems improvements (Pérez-García 
& Guardiola-Víllora).

Figure 20. Top floor assessment of CO2 emissions 
based on envelope an technical systems improvements 
(Pérez-García & Guardiola-Víllora).

On the other hand, the household•s average con-
sumption in the Mediterranean area is 8,959 kWh 
per year, 15% lower than the national average. The 
weather, with high humidity and mild temperatures 
in winter and high in summer, affects the energy con-
sumption pattern. The higher consumption, with 
respect to the national average, of conditioned air 
consumption (1.1%) compensates the lower energy 
requirements for heating (41%) both based usually 
on electrical equipment (IDAE 2011).

3.3 Energy efficiency improvements

Taking all these considerations into account an 
improved envelope (façades and roof) was designed 
to increase not only the thermal insulation but also 
the thermal inertia. The designed 3 cm gypsum wall-
board filled with microcapsules of Phase Change 
Material (PCM) can provide a heat storage capacity 
equivalent to 24 cm of brickwork. See Figure 17. Spe-
cial care was devoted to avoid thermal bridge energy 
losses and to the draught-proofing of the openings. 
The upper part of the reed and gypsum ceiling under 
the roof was sprayed with 5 cm of polyurethane 
foam. In this new scenario the analysis was repeated. 
However, the results shown that, even improving the 
thermal insulation by a factor of 3.39 for the main 
façade and 9.04 for the rear and inner façades, the 
improvements were not as substantial as expected. 
The label assigned was still an E. See Figure 18. As 
an alternative, improvements on the heating, cooling 
and DHW technical systems were introduced but 
leaving untouched the original envelope.

The efficiency of natural-gas-engine-driven heat 
pumps highly contributed to achieve more sub-
stantial improvements. The label assigned was D. 
See Figure 19. Finally, the combination of both 
improvements was assessed and a C label was 
obtained. See Figure 20.

4 CONCLUSIONS

The energy efficiency improvements derived from 
increases of the thermal insulation and thermal 

Vernacu_Book.indb   606Vernacu_Book.indb   606 7/31/2014   7:45:40 PM7/31/2014   7:45:40 PM



607

Vernacular Architecture: Towards a Sustainable Future … Mileto, Vegas, García Soriano & Cristini (Eds)
© 2015 Taylor & Francis Group, London, ISBN 978-1-138-02682-7

Studies of Persian vernacular heritage and its building identity

S. Petralla
Polytechnic University, Bari, Italy

ABSTRACT: Persian art and its principles constitute a historical phenomenon of primary importance, 
being acknowledged in much of the art of Asia, and being at certain periods familiar in Europe. This 
allowed Persian architecture to maintain a strong identifying character, due to some features that have 
determined its diffusion, as the management of mud and bricks that acquired a record level of manufac-
turing. The investigation of traditional techniques developed, aims to show local technical methodologies 
and techniques to highlight an architectural language continuity that has seen few changes from the pre 
Islamic eras until the beginning of the 20th century. Thus, the paper explains the appearance and diffusion 
of some features as a phenomenon that can•t be seen exclusively in terms of artistic or stylistic expressions, 
but involves constructive experiences and insights of local genius, moreover highlighting the importance 
of a conscious use of traditional resources to create and define local identity.

2 INTRODUCING PERSIAN 
ARCHITECTURAL LANGUAGE: LOCAL 
MATERIALS AND FEATURES

2.1 Brick building tradition

The tradition of brick building in Iran was already 
flourishing under the Sassanids (from A.D. 224 to 
651); this period was the main source of knowledge 
of constructing buildings in brick for later masons. 
When the people adopted Islam and its new civili-
zation, the stage was set for a new wave of artistic 
expression to add Islamic thought to ancient art, 
thus giving rise to a novel artistic taste. Over time, 
design became still more refined and masons set out 
to produce yet more significant work. In the Islamic 
world, just as in ancient Iran, brick art continued to 
evolve. Islamic architecture almost exclusively used 
bricks, masterfully taking advantage of its qualities as 
an essential building element. With changing archi-
tectural styles, over the course of successive periods, 
many innovations were introduced; everyday new 
buildings rose from the ground, contributing to the 
skyline and the examples of brick architecture.

Thus mosques, palaces, houses and even bazaars 
were all based upon bricks, the basic materials of 
every man-made construction: excavations made 
across the Iran have clearly shown that bricks form 
the skeleton of all ancient buildings. This material 
has significantly contributed to the development 

1 INTRODUCTION

Talking about Persian architecture often recalls 
to our mind images related to the widespread and 
outstanding bulbous domes standing over religious 
buildings, like mosques or mausoleums. Otherwise, 
our mind makes direct reference to the complex 
kind of suggestive starred decorations and vaults 
constituting the spectacular interior roofs of sev-
eral commercial, public or domestic buildings.

By now, the religious symbols and the aesthetical 
values involved in the definition of certain shapes 
anddevices are deeply investigated and displayed.

Interestingly, previous studies collected informa-
tion related to peculiar geometric or formal appear-
ances, provided basic classifications and collections 
of experimentations, and highlighted the existence 
of acertain number of affirmed formal-decorative 
devices, recurrent within buildings belonging to 
different eras and regions (Bozorgmehri, 2007).

Despite this, the constructive and structural 
issues related with the use of clever devices, and the 
management of materials creatingthe proper local 
language, result still almost unknown. Thissecto-
rial interest on architectural shapes and elements, 
quite ignoring the execution of these magnificent 
structures, is greatly due to the difficult to approach 
buildingsthat most of the times are in bad condi-
tions. Actually, it produced a lack of studies related 
to construction techniques and experiences.
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of building techniques, also influencing architec-
ture and attracting the attention of architects to 
its artistic potentialities. Today, the wealth of brick 
art left behind from past eras forms a vast field of 
research that deserves studies.

The composition of today•s mud-bricks is essen-
tially the same as in the past. They consist simply of 
mud mixed with straw, found as close as possible to 
the site. In order to secure a proper fit between the 
consecutive layers, the brick-makers used a rectan-
gular mold, which could be adjusted to various sizes 
and proportions at different times, to shape both sun-
dried and fired bricks. By now, the size of the brick is 
widely standardized, but bricks have been much larger 
in earlier periods. In Babylon, where the technique 
was taken over from the Sumerians, they measured 
40.64 × 40.64 × 10.16 cm, and at Persepolis they were 
33.02 × 33.02 × 12.7 cm. In Sassanian times, there was 
more variation in brick sizes; squared bricks measured 
38.10…50.8 cm × 38.10…50.8 cm × 8.98…12.70  cm. 
They were 22.86 × 22.86 × 5.08 cm in early Islamic 
buildings. Comparing these measures, we can say that 
in the pre-Islamic era each brick was 38.10…50.8 cm 
long on one side, through usually slightly elongated, 
and 8.98…12.70 cm thick. The brick currently used, 
continuing a tradition extending back to the pre-
Islamic period, is squared, usually with dimensions 
of 25 × 25 × 5 cm.

The availability of a certain type of gypsum mor-
tar also played a role of primary importance, in 
addition to the bricks themselves. In most buildings, 
the only joining material used as mortar between 
clay bricks was chalk and plaster. In some cases we 
can find, along with chalk, large amounts of earth 
and clay. The binder used in Iran differs from the 
one used in Europe at the time and accordingly has 
a different behavior. When very fine Persian pow-
dered chalk is mixed with water the adhesion starts, 
but if more water is added, the mixture tends to lose 
its grip and remains a thick paste for a long time. 
Additionally, over time moisture can degrade the 
mortar even after it has set, thus weakening the 
bond between the bricks. For this reason permanent 
moisture is more harmful for pure lime mortar than 
water briefly running over the same.

However, due to its ability to set more rapidly, the 
mortar gypsum (sometimes mixed with clay, sand, 
fine gravel, and mud) was immediately preferred 
to lime mortar made by calcining limestone. This 
property aided greatly in the erection of arches and 
coverings over temporary or permanent armatures 
(Galdieri, 1980; Galdieri, 1988).

2.2 The development and introduction of typical 
basic elements

Hence, in Persia, the construction has been devel-
oped in continuity with an innovative use of bricks 

and gypsum. In particular, this allowed the arch to 
be a basic element facilitating the closure of roofs, 
influencing the formal composition, and leading to 
experimentations and architectural declinations.

From the constructive point of view, to build the 
arches in Iran is generally based on two main brick 
arrangements: the knife-shaped and the roman 
one.

The knife-shaped bonding needs a light fram-
ing during the construction and creates an arch 
whose final curve is not continuous, but made up 
of a sequence of lines corresponding to the length 
of the single brick. In this way, a bearing arch is 
made that, despite a potential collapse in the direc-
tion of construction, allows for several construc-
tive solutions.

The Roman bonding, on the other hand, requires 
a heavy temporary supporting frame under the 
arch, which must not be re-moved until the two 
sides of the arch are joined. The finished structure 
is bearing without significant deformations.

Combinations between these two main disposi-
tions allowed Iranian manufacturers to construct 
arches conceived as structural devices intended each 
time to transfer loads along predefined and different 
routes within the structure (Petralla, 2012) (Fig. 1).

The arch, being positioned from time to time to 
join two edges of a plan, made it possible to cover 
huge spaces by fractioning it, thus becoming the 
starting point of the architecture, and allowing for 
an easy and fast covering of irregular rooms. Over 
time, the several possibilities it enabled, promoted 
a fragmentation of it and the possibility to exploit 
just some pieces of an arch, acting as part of ribs, 

Figure 1. Drawings by the author showing some of 
the basic arrangements of the bricks in Persian arches 
(Petralla, 2011).
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stiffeners or brackets. Thus, this versatility gave rise 
to a process that involves both the structural and 
the formal design. Developed on the prominent use 
of geometry within Islamic architecture, it shows 
an excellent management of the constructive ele-
ments, through an intense structural and technical 
developing process. The high level of craftsmen 
knowledge, gave way to an extremely variegate sys-
tem of load-bearing structures. The full control of 
the structural system gave workers a greater will-
ingness to experiment with new formal solutions 
too, leading the relationship between form and 
structure to be as ambiguous as ever.

In spite of these considerations, Persian architec-
ture has resulted to practice an ideal of composition 
for which generally the tectonic is strictly intended 
as study of shape. From the formal-structural point 
of view, it generates extremely sincere compositions 
and allows for the realization of volumetrically well-
defined and well-designed organisms, as are most of 
the Seljuk, and Il-khanid one. The material, during 
these eras was used according to its vocations and 
peculiarities, thus generating a genuine architec-
tureshowing the use of structural forms in accord-
ance with the final formal appearance. On the other 
hand, since the Timurid period, the will to create 
a spectacular architecture emerged as an impor-
tant topic, strongly affecting local architectural 
language. In this era architects are already able to 
realize a wide range of solutions, using a relatively 
modest architectural vocabularywith extreme wis-
dom. From the Safavid period onwards, the intro-
duction of new features and the expansion of the 
formal and expressive toolsis required, due to thep-
ressing demands of the court for a policy of open-
ing. Thus, the ability to create works embodying a 
great dramatic effectwith the respect of tradition, 
with the use of a modest material, and with the rush 
imposed by the sovereign for a fast implementa-
tion, becomesthe yardstick to be considered a good 
architect. All this with respect of the magnificent 
buildings constructed in the past.

If on one hand the skills have to be developed in 
continuity with the past technical progresses, on the 
other hand have to consider to fit the present taste.

Thus, it seems that architects, beingnot able to 
invent more innovative solutions after the fully 
previous exploitation, decided to compete in an 
alluring divertissement. Especially between the late 
sixteenth and the late seventeenth century, formal 
experimentationsobtained by aclever use of mate-
rials and traditional techniques, extremely refine 
the ancient executions and improve a defined 
structural method thus allowing for the adoption 
of new complex decorations and reaching a high 
degree of boldness and mastery of execution.

Most of the times, thebearing structures are com-
pletely hidden behind a surface of embellishments 

made up by complex muqarnas and additional deco-
rative solutions known as yazdibandi, according to 
local taste. Hence, Safavid spaces are showing sev-
eral varying relations between form and structure, 
as result of a smart use for local resources.

3 DISCOVERING PERSIAN BUILDING 
IDENTITY: FORMAL DEVICES AND 
STRUCTURAL COMPONENTS

The examples showing these visionary ornamental 
solutions, are promoting a complex subordination 
between form and structure, leading towards an 
intentional ambiguity as expression of the local 
cultural language.

From a certain point on the load-bearing struc-
tures, even if  realized following elegant execution 
ways, are carefully and deliberately concealed 
behind a second structure. Proper architectural 
expedients are conceived, aimed at solving some 
problems but also to surprise and confuse. Most of 
the times, we face with subtle games, with such an 
ambiguity that only a careful analysis of the build-
ing or the direct examination of plants and eleva-
tions can detect.

The actual result of the local architectural proc-
ess of development, considered as the expression of 
traditional language, is expressed by the clever com-
positions of ribs and stiffeners, hidden and morti-
fied behind solutions of beautiful but false scenes.

On the other hand, the growing importance 
that Iranian architecture attributes to spectacular 
forms and symbols, led towards the creation of 
complicated ornaments. Thus, while the formal 
apparatus becomes increasingly complicate, the 
bearing structures are further refined and allow 
for the realization of intricate decorative patterns, 
repurposed with a creative freedom derived from 
solid constructive mastership.

Thus, in a context in which the sincerity of con-
struction is not a basicdesignfeature, these expres-
sive and decorative devices are improved with a 
mastership that at the final step will be no more 
requiring the use of ribs or brackets. This process 
brought to the definition of further complex kind 
of decorations, among which we find yazdibandi, 
mostly widespread in the Safavid and Qajar 
periods.

3.1 The execution of muqarnas

The creation of muqarnas is the first step leading 
towards spectacular dummy intradoses. Interest-
ingly from this architectural feature, represent-
ing one of the widespread expressions of Islamic 
Architecture, Persian builders were able to develop 
further topics (—arb�f, 1982).
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Persian muqarnas, even if  recalling the well-
known Islamic element for the geometrical con-
structions and involved shapes, are realized in a way 
that has never been developed abroad: as a light-
weight design made with chalk and wood. Often, 
within each muqarnas solution, ribs or brackets 
are used, no longer readable from the intrados, but 
providing proper supports for progressively more 
complex geometrical patterns.

One of the most famousexamples of muqarnas 
hanging to structural ribs is the West Iwan within 
the Old Jame Mosque in Isfahan. This structure is 
showing the magnificent muqarnas intrados real-
ized by means of a complex structural appara-
tus that results visible only by a direct and closer 
observation of the roof (Fig. 2).

The usual execution of a muqarnas ceiling, is 
realized starting by a simple shell dome resting on 
corner arches. From this first components then, an 
intricate system of timber hangers develops which, 
attached with lumps of gypsum mortar to the 
brick structures to suspend the muqarnas vaults as 
a sort of corbel used as a decorative device, again 
gives local Iranian slant to a typical Islamic topic. 

Figure 2. Old Jame Mosque, Isfahan. Pictures show-
ing the intrados with muqarnas and the roof with ribs 
(Petralla, 2011).

Figure 3. MaqbarèHabibIbn…E Musa, Kashan. Detail 
of the ceiling. View of the ropes and of the wooden lin-
tels supporting the muqarnas (Petralla, 2007).

Figure 4. TalarTeimourid, Isfahan. Detail of an iwan 
before and after restoration (Petralla, 2010).

From the structural components previously men-
tioned, several levels of wooden brackets are hung, 
by using ropes with gypsum mortar. After these 
corbels are hung, the filling resulting parts are 
completed by chalk and eventually covered with 
tiles (Fig. 3).

This type of ceiling that is fragmentizing the 
space to connect two different surfaces, is realized 
following several local variations, both from the 
geometrical and from the technical point of view.

For example, the arches acting as structural sup-
port for the covering can also act as formal guide 
for the realization of the connecting surfaces, and 
consequently for the execution of the formal sty-
listic decorative apparatus, as happens within the 
TalarTeimourid in Isfahan (Fig. 4).
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3.2 The realization of yazdibandi

Soon after a new consolidate form of ornamental 
ceiling is defined. Thanks to the acquired master-
ship, a very regular fragmentation of the overlaid 
surface is realized, moreover without the needfor-
brackets or ribs.

This widespread solution is called yazdibandi, 
and involves variations called qatarbandi and sard-
arbandi. The extreme simplicity and flexibility 
of this executive technique, in addition to a very 
spectacular result, allows for a widediffusion of 
this ceiling, actually sublimating the architectural 
expression of the vault and the building itself.

Once again, despite declinations related to plan-
imetrical or dimensional needs, a unique executive 
methodology can be traced out. Firstly, the bear-
ing vault is realized as a single shell or as a double 
shell to support the weights. After the definition of 
the geometrical pattern, the interior surface is real-
ized by simple means of gypsum or wood pieces 
attached to the dome itself.

Afresh, the examples concerning both public 
and private buildingsare several and mostly of the 
Safavid and Qajar era. An outstanding building is 
the Timcheh Amin-odDowleh, within the Bazaar 
of Kashan (Rubini, 2010) (Fig. 5).

Picture of the interior of the roof (Petralla, 2007).
Deep investigations of the intrados and the 

extrados of this building allowed for the correct 

identification of the bearing apparatus. The pres-
ence of a double shell is stated (Fig. 6). To the 
inner shell, by means of brackets, named sazù, the 
ceilings is realized, with gypsum and wood stellar 
pieces (Fig. 7).

Figure 5. Timcheh Amin-odDowleh, Bazaar of 
Kashan.

Figure 6. Timcheh Amin-odDowleh, Bazaar of 
Kashan. Picture of the roof and detail between the shells 
(Petralla, 2007).

Figure 7. Timcheh Amin-odDowleh, Bazaar of 
Kashan.
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The hypography highlighting the yadzibandi 
pattern. (Petralla, 2013 after Kashan).

Within structures with more modest dimension, 
soffits are made by single shells. Once again, the 
starred elements are attached to the bearing shell 
just by means of chalk (Fig. 8).

The last decorative step is eventually providing 
the application of mosaic tiles. Usually tiles have a 
truncated pyramidal profile. When these fragments 
have to be embedded in the plaster are called nareh, 
and havea thickness allowingfor a better interlock-
ing. The tile pieces used for the disposal of surface 

curtains, are instead called kesht, and are nearly 
two-dimensional (Maheronnaqsh, 2002).

4 CONCLUSIONS

After their first appearance, the systems studied in 
this paper have been repeated throughout Persia in 
several periods, up to the present. Except for their 
relative disappearance in some short periods due 
to inversions of stylistic and formal trends, their 
presence within the territory is almost constant.

Some of these solutions has resulted to be largely 
used within many countries, but the creation of 
Iranian-style is closely connected with the devel-
opment of a well-working executive methodology, 
firstly related to static and consolidative needs, and 
involving an immense reserve of examples and a 
virtually unlimitedfield of application.

The wide range of solutions used and contextu-
alized in several stages, suggestedsomebasic infor-
mation to understand the way in which the starting 
local language has been affected from outer trends, 
and improved in different periods.

Theoretically and methodologically, this work 
investigated some executive and technical issues 
concerning interesting architectural episodes, as 
the result of a solid executive mastershipalways 
detectable despite new external acquired forms.

The final goal was not just to improvethe knowl-
edge related to a specific sector, but to highlight 
the existing correlation betweenthe stylistic aspect 
and the technical one, that have to work together 
to give quality to an architectural organism.
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Examination and assessment of the environmental characteristics 
of vernacular rural settlements: Three case studies in Cyprus

M. Philokyprou, A. Savvides, A. Michael & E. Malaktou
School of Engineering, University of Cyprus, Nicosia, Cyprus

ABSTRACT: The paper aims at examining the passive responses of the vernacular rural settlements of 
Cyprus. This study is part of a research program undertaken by the University of Cyprus and concerned with 
the investigation of the thermal comfort of vernacular settlements at both the scale of residential buildings 
as well as the agglomeration of structures that accounts for the built fabric and open spaces. The proposed 
methodology examines the environmental parameters that affect the microclimate as well as the bioclimatic 
principles incorporated in the design of the outdoor spaces in the case of three traditional settlements, namely 
Maroni, Pera Orinis and Askas villages. Software simulation and meteorological data are used to investigate 
solar and wind exposure and the sky component of the streets and of the topography of the study area.

tours, settlements on a plain may take on the form of 
a dense cluster or of an enclosure while settlements 
on a hill often have the form of concentric or lon-
gitudinal clusters, forming a series of semi-circular 
terraces perpendicular to the slope. However, apart 
from the topographical and environmental factors, 
socio-economic issues such as the lifestyles of the 
locals, concerns for safety and privacy as well as 
construction and material issues, play a major role in 
affecting the morphology of rural settlements.

The Mediterranean vernacular built fabric is char-
acterized by enclosures, continuous arrangements 
of buildings, compactness, high density and an 
adherence to a specific topographical organization 
that responds very well to the encountered climate. 
The enclosed public and private open spaces moder-
ate the extreme summer temperatures and provide 
a shelter from the intensive insolation during the 
summer period. The narrow streets and compact 
organization of buildings are typical in vernacular 
settlement layouts in hot and dry climates, while 
they provide shade to the streets and facades of 
the buildings during the summer period (Decay & 
Brown, 2001), a phenomenon that causes the mean 
radiant temperature to significantly drop, thus pro-
viding comfort to pedestrians during summers.

2 RESEARCH METHODOLOGY

This study examines how the environmental 
parameters and topography influenced the out-
door comfort in three rural settlements in Cyprus. 
More specifically, the proposed research method-
ology is based on a quantitative and qualitative 

1 TRADITIONAL RURAL 
SETTLEMENTS-A MODEL FOR 
SUSTAINABLE DESIGN

The investigation of outdoor comfort conditions 
in vernacular settlements of Cyprus is the primary 
objective of this paper. The outdoor space is a part 
of everyday life in Cyprus due to its mild climate 
which has led the people to live much of their time 
in the open air. Sociability at the open spaces is the 
order of the day and private, interior life takes sec-
ond place (Christodoulou, 1959). The analysis of 
the microclimatic conditions of the vernacular out-
door spaces would address opportunities to improve 
pedestrian comfort and identify lessons learned 
from traditional architecture that could also be 
applicable in contemporary urban planning. Special 
considerations for achieving thermal comfort were 
incorporated both at the scale of the traditional set-
tlement as well as at the building scale. Topography, 
settlement location and morphology, materials and 
methods of construction were incorporated in regu-
lating the microclimate of traditional architecture.

1.1 Factors affecting settlement morphology: 
topography and climate

Traditional settlements have always been related to 
specific localities, where a meaningful correspond-
ence between climatic conditions, topography and 
settlement morphology exists. Different surface 
reliefs derive different physical forms and growth 
patterns in rural settlements (Norberg-Schulz, 1991). 
For instance, settlements in a valley usually take lin-
ear forms parallel to the direction of the land con-
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environmental assessment of the microclimatic 
conditions prevalent in the built fabric at a variety 
of localities„namely the villages of Maroni, Pera 
Orinis and Askas. The selection of the settlements 
has taken into account both traditional character 
and climatic diversity (Fig. 1).

2.1 Selection of case studies

The village of Maroni is located 35km southwest 
of the city of Larnaca, at an average elevation of 
70 m and 2 km far from the seashore (Fig. 1 & 2A). 
The village is sited on the south side of the Troodos 
mountain range, on the east bank of Maronios river. 
The shape and the layout of the settlement follow 
the landscape formations. The shape of Maroni vil-
lage is a combination of a semi-circular configura-
tion that follows the contours of the immediate site 
and of rows parallel to the direction of the sloped 
land. The village, has existed since the Medieval era 
and is referred to as Marova on older maps.

The village of Pera Orinis extends on the east 
bank of the Pedieos river at an elevation of 400 m, 
and lies within the boundaries of the Nicosia dis-
trict, in the high Mesaoria plains (Fig. 1 & 2B). 
The various development concerns for the settle-

ment over time have led to irregularly built clus-
ters. In this case the growth pattern of the village 
is less related to the topography. Pera Orinis and 
the neighboring villages of Politiko, Episkopio and 
Ergates were suburbs of the ancient city of Tamas-
sos (Camelaris, 2011).

The village of Askas lies in the Nicosia district, 
in the Pitsilia region, 900 m above sea level on the 
North side of the Troodos massif, at the foot of 
mount Papoutsa (Fig. 1 & 2C).

The village of Askas extends alongside the val-
ley of Askas river, surrounded by a barren, rugged 
and mountainous topography. The topography 
channeled the growth pattern and subsequent 
shape of the village to follow the landscape con-
tours into a linear configuration. Askas is initially 
mentioned during the Frankish occupation of 
Cyprus (1191…1489 B.C.) (Ioannou, 2007).

2.2 Data collection

Observations, mappings and data have been col-
lected on natural and man-made physical condi-
tions that affect the comfort of the outdoor public 
spaces. Natural place characteristics include local 
climate and the topography of the area. Man-
made characteristics of the built form include such 
aspects of cluster organization as: building orien-
tation, density, level of compactness and street lay-
out and orientation. The total sunlight hours, the 
sky view factor and wind exposure of the streets of 
each settlement have been simulated using environ-
mental performance analysis software.

Meteorological data from the nearest weather 
stations to the locations of the case studies have 
also been recorded. Following data collection, the 
simulated and meteorological data were tabulated 
for comparative analysis. Additionally, the research 

Figure 1. Map of Cyprus with the five cities and the 
three case study settlements (Authors).

Figure 2. A. Maroni B. Pera Orinis C. Askas village Source: Demographical Report (2011), Statistical Service of 
Cyprus (Authors).
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includes the selection of representative buildings in 
order to examine their level of compactness and 
their orientation.

3 ANALYSIS OF ENVIRONMENTAL 
PARAMETERS AFFECTING THE 
OUTDOOR COMFORT

The data collection and analysis have revealed 
useful information on the environmental impact 
of the climate, building configuration and street 
layout on thermal comfort, as explained in more 
detail in the thematic paragraphs below.

3.1 Climate

According to the Köppen climate classification, 
Cyprus has a Mediterranean hot and semi-arid 
climate. Hot and arid climates are characterized 
by large diurnal fluctuations, by high amounts of 
impinging solar radiation, high summer tempera-
tures and mild winters with predominant clear skies. 
According to the directive on Energy Performance of 
Buildings (2002/91/EC) the island is divided in four 
climatic zones: climatic zone 1-coastal areas (CZ1), 
climatic zone 2-plain regions (CZ2), climatic zone 
3-semi-mountainous areas (CZ3) and climatic zone 
4-mountainous areas (CZ4). The village of Maroni 
lies in climatic zone 1, Pera Orinis in climatic zone 2 
and the village of Askas in climatic zone 4. Climatic 
zone 3 was excluded from the present research due 
to close similarities observed in the analysis of set-
tlements in that zone to similar environmental con-
ditions observed in climatic zone 4. Data from the 
nearest weather stations of the Cyprus Meteorologi-
cal Service at the three case study settlements are pre-
sented in the study. The meteorological data cover a 
20 year period that ranges from 1984 to 2003.

3.1.1 Temperature
The temperature fluctuation between highest and 
lowest temperatures for Maroni (CZ1), Pera Orinis 
(CZ2) and Askas (CZ4) villages is 10.8°C, 7.8°C, 
and 7.1°C respectively during the winter and 13.8°C, 
13.3°C, and 10.4°C during the summer (Fig. 3A). 
The highest mean maximum temperature of 35.5°C 
was recorded at the area of Pera Orinis village 
(CZ2) in July, higher by 2.3°C to the corresponding 
temperature of 37.8°C at the area of Maroni village 
(CZ1) and higher by 4.6°C than the highest temper-
ature recorded at the area of Askas village (CZ4) for 
the same period (Fig. 3A). The lowest mean mini-
mum temperature of 3°C was recorded at the area 
of Askas village (CZ4). The average temperature 
during winters at the area of Maroni village (CZ1) 
is 12.5°C, at the area of Pera Orinis village (CZ2) is 
10.2°C whereas at the area of Askas village (CZ4) 
is 7.2°C. The average temperature during summers 
at the area of Maroni village (CZ1) is 25.7°C, at the 
area of Pera Orinis village (CZ2) is 26.7°C and at 
the area of Askas village (CZ4) is 24.6°C.

Overall, Maroni village has the mildest climate 
throughout the year due to the proximity to the sea 
with moderate maximum and minimum tempera-
tures. The settlement of Askas has the coldest cli-
mate due to its high elevation; the cooling rate near 
the ground is about 0.8°C for each 100 m of eleva-
tion (Decay & Brown, 2001). Pera Orinis village 
has the warmest climate of the above mentioned 
settlements.

3.1.2 Relative humidity
Relative humidity changes according to the distance 
from the sea and the altitude of a settlement. Humid-
ity significantly increases in the case of Maroni 
village due to the proximity to the coastal zone. Spe-
cifically, the annual average humidity at the area of 
Maroni village (CZ1) is 70%, whereas at the area of 
Pera Orinis village (CZ2) is 58% and at the area of 
Askas village (CZ4) is 55% i.e. 12% and 15% lower 
than the humidity at Maroni respectively (Fig. 3B).

Figure 3. A. Minimum, average, maximum air temperature B. Minimum, average, maximum relative humidity C. 
Average wind speed for Maroni, Pera Orinis and Askas villages Source: Meteorological Service of Cyprus (Authors).
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3.1.3 Wind
The prevailing wind direction at the area of Pera 
Orinis blows from the west and east during the win-
ter and from the west during the summer, whereas 
winds nearby the Maroni village are generally 
northwesterly in the winter and northwesterly-
southwesterly in the summer. In close proximity to 
the test cases, medium wind speeds were recorded in 
the range of: 2.6 m/s, 2.8 m/s and 1.9 m/s at Maroni, 
Pera Orinis and Askas respectively (Fig. 3C).

3.2 Topography

From the environmental perspective, topography 
influences wind flow and solar access relative to 
the physical form of a settlement. Regarding the 
wind, the different topographical features of the 
case studies create different air flow phenomena. 
Pera Orinis is situated in the Mesaoria plain which 
is located between the Troodos and Kerynia moun-
tain ranges. Due to this spatial configuration, there 
is a funneling effect of the wind at the Mesaoria 
plain which creates high speeds especially in the 
case of westerly and northwesterly winds (Pas-
siardis, 1995). At the Troodos massif„where the 
village of Askas is located„the wind blows uphill 
during the day; at nighttime the air flow reverses 
to a downward direction creating the phenomenon 
of cool air flowing down slope (Passiardis, 1995). 
Maroni village, which is located in the coastal zone, 
is affected by the summer sea breezes, which maxi-
mize the potential for natural ventilation.

The availability of solar radiation is also affected 
by topographic characteristics and orientation (Yan-
nas, 1994). Mountainous settlements may be over-
shadowed partly or completely by the surrounding 
mountains causing a significant reduction of the 
impinging solar radiation. Other local topographical 
features, such as the orientation of a settlement, have 
an impact on the amount of incident solar radiation 
e.g. south slopes are exposed to higher amounts of 
solar radiation compared to northern slopes.

The village of Askas, which is situated on the 
southeastern slope of the valley of Askas enjoys 
the southern sun and avoids afternoon solar heat 
gains. However, the mountainous surroundings 
cast shadows on the settlement„especially during 
the winter where the sun angle is low„reducing the 
useful solar heat gains and the total sunlight hours 
(Fig. 4). Pera Orinis village is situated on high plains 
where no topographical and solar access restrictions 
apply. Hence, the total annual sunlight hours are 
maximized (Fig. 4). Maroni village is located on a 
plateau at the foot of Troodos mountain. The vil-
lage orientation, which faces south, maximizes the 
penetration of sun into the settlement (Fig. 4).

3.3 Level of compactness

The harsher climatic conditions and the defensive 
nature of the village layouts in the mountainous set-
tlements have led to more compact built forms com-
pared with the villages on the plains which developed 
looser configurations (Apostolou, 2003). Lack of 
space on hilly landscapes has also led to compact 
configurations where everyday life and outdoor 
spaces are usually elevated to the upper floors.

From the environmental point of view, compact 
organizations reduce wind flow and solar access 
whereas looser clusters enhance wind and solar 
penetration into built areas (Decay & Brown, 2001). 
Compact configurations provide protection from 
winds, reduce the solar heat gains of the build-
ings and increase shading of the streets. Compact 
forms also reduce heat losses through the building 
envelope, while exposed areas of the building to the 
outdoor climatic conditions are smaller (Yannas, 
1994). On the other hand, looser clusters allow cool 
breezes to penetrate into outdoor areas and building 
interiors during the summer period and maximize 
solar access in the winter. A representative number 
of buildings in the three case studies of settlements 
were studied in order to extract the level compact-
ness as the percentage of built to un-built area. In the 

Figure 4. Average daily sunlight hours of the surface 
relief of the settlements under study for wintertime Source: 
Ecotect (Authors).

Figure 5. Land coverage of the case study settlements 
(Authors).
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case of Maroni village, 60% of the buildings studied 
have a 40…60% built-to-unbuilt ratio, which indicates 
a semi-sprinkled configuration for the settlement 
(Fig. 5). At the village of Pera Orinis the land cover-
age of 68% of the buildings ranges between 60% and 
80%, which indicates a semi-compact configuration 
for the settlement (Fig. 5). In 70% of the buildings 
studied at Askas village land coverage lies between 
80% and 100% (Fig. 5) which indicate a very com-
pact rural core. The compact arrangement at Askas 
village represents a typical vernacular mountainous 
settlement configuration.

3.4 Building and street layout

Regarding solar access issues at the street level, east-
west laid streets receive higher amounts of solar 
radiation (midday sun angle is high) throughout the 
year, whereas north-south streets are more shaded. 
Wide east-west streets could provide winter solar 
access and narrow north-south street canyons may 
provide shade to the streets and to opposite build-
ing facades. However, narrow streets while having 
smaller sky view factors reduce the sky radiant cool-
ing effect during nighttime. Moreover, the height-
to-width ratio of the streets has an impact on the 
incident solar radiation to the streets and on the 
portion of the visible sky exposed to the residents. 
The higher the height-to-width ratio, the more is the 
shade on the streets and building facades and the 
lowest the sky radiant cooling effect.

Concerning the wind flow, streets oriented 
along the predominant wind direction provide 
better wind movement through the built fabric. 
Specifically, to maximize cross-ventilation access 
and air movement streets should be oriented at 
angles of approximately 20…30° on either side 
of the direction of the prevailing summer breeze 
(Decay & Brown, 2001). The non-linear and seg-
mented organization of streets reduces wind flow 
in passages and buildings alike, a strategy which 
is appropriate for cool climates in order to shield 
residents from direct cold winds.

The prevailing street orientation in the case of 
Askas which is along the South-North axis, and the 
high height-to-width proportions of the fabric at 
rates between 1.2 and 4, maximizes summer shading 
of the streets and adjacent buildings (Fig. 6B). On 
the other hand, solar access which is significantly 
restricted during the winter period might lead to 
indoor and outdoor discomfort. Specifically, 74% of 
the streets at the village of Askas enjoy the sun only 
up to two hours during the winter period (Fig. 6A).

The high height-to-width ratios of Askas 
streets reduce the portion of the visible sky from 
20…40% for the majority of the streets, while also 
decreasing the sky radiant cooling potential during 
summertime (Fig. 6C). Regarding wind flow, the 
curvilinear street pattern of the village blocks the 
undesirable cold winds during the winter period.

In the case of Pera Orinis village, the rotation 
of the streets from the cardinal directions increases 
shading and provides evenly distributed solar access 
to the facades. The height-to-width ratios of the 
streets„ranging from 0.7 to 1.4„allow better solar 
access to the streets during wintertime but less shad-
ing during the summer as compared to Askas vil-
lage (Fig. 6A & 6B). Also, the linear organization of 
the streets of Pera Orinis and the orientation of pri-
mary streets towards the prevailing summer western 
breezes enhance air flow in the settlement and the 
potential for natural ventilation.

The height-to-width ratio at Maroni village ranges 
between 0.8 and 2.6. The sunlight hour pattern onto 
the streets of Maroni village is similar to the one at 
Pera Orinis village despite the more compact built 
form of the latter (Fig. 6A & 6B). The linear arrange-
ment of the buildings and the smaller sky view fac-
tor of the streets of Pera Orinis village may offer an 
explanation for this observation. The primary streets 
at Maroni village, which are oriented along a North-
South axis, allow the predominant south westerly 
cool breezes to penetrate during summertime. A 
significant number of buildings were also studied 
regarding their orientation. South facing buildings 
dominate the settlement at Maroni and Pera Orinis 

Figure 6. A. Average daily total sunlight hours of the streets and squares for the winter period B. Average daily total 
sunlight hours of the streets and squares for the summer period C. Sky view factor Source: Ecotect (Authors).
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at a percentage of 35% and 29% respectively, whereas 
the southern and eastern aspect of buildings at a per-
centage of 29% and 37% respectively is predominant 
among buildings at Askas village. The data reveals 
that the arrangement of the building to the South 
has insolation criteria and reflects the bioclimatic 
concerns of our ancestors for passive heating.

3.5 Surface albedo

Pedestrians are exposed to direct, diffused and 
reflected solar radiation from external surfaces, 
which may significantly increase the radiant heat 
load of a location (Givoni, 1998). The reflectance 
properties of the finishing materials can reduce the 
heat stress of the surrounding space and contrib-
ute to pedestrian comfort; high reflectance materi-
als mitigate the surrounding ambient temperature 
during hot summers acting as climatic regulators. 
In the Mediterranean, hot climates, where design-
ing for harsh summer weather constitutes a prior-
ity, high reflectance materials are recommended. 
Regarding the case study settlements, high absorb-
ance dark pebbles (reflectivity 0.2) from the 
Pedieos river, medium reflectivity local volcanic 
stones (r = 0.4…0.5) and high reflectivity local lime-
stone (r = 0.7), were used as outdoor floor finishes 
in the case of Pera Orinis, Askas and Maroni vil-
lages respectively. The light-colored materials, as in 
the case of Maroni village, appear to be the most 
appropriate in order to decrease the unwanted 
solar heat gains during the summer period.

4 CONCLUSIONS

The present study showed how the topography and 
climate affect the layout of the streets and build-
ings, the level of compactness, the size and shape 
of the rural settlements and the spatial configura-
tion of the residential buildings, which create differ-
ent microclimatic conditions. In the case of Maroni 
(CZ1) and Pera Orinis (CZ2) villages, the small 
height-to-width ratios of the streets, the topogra-
phy and the mild winters offer good environmental 
potentials of the outdoor spaces during wintertime. 
During the summer, the sea breezes, the moderate 
extreme summer temperatures and the enhancement 
of street shading of Maroni village compared to 
Pera Orinis settlement demonstrate a better poten-
tial for thermal comfort in the former. In the case 
of Askas (CZ4), the compact form of the village 
blocks cold winds and reduces heat losses through 
building envelopes during winters. Additionally, the 
mild summer climate and the predominant narrow 
North-South orientated streets of the village, offer 
shade to the public spaces and create a desirable 
microclimate during the summer period. However, 
the mountainous topography and the high height-

to-width ratios of the streets restrict solar access to 
the settlement creating unfavorable outdoor thermal 
conditions during wintertime.

Overall, the hot climate of the country has led 
to the enhancement of cooling strategies and tech-
niques. Local wisdom in the settlement planning and 
the design of buildings indicate a bias for address-
ing summer conditions more so than winter ones, 
perhaps because of the extended periods of high 
temperatures and insolation in the climatic cycle 
of the island. The climatic considerations which 
are applied to the design of the selected case stud-
ies is a southerly orientation of buildings for direct 
solar gains and at the same time, narrow streets and 
a compact built form in order to increase shading. 
There is also predominance in the orientation of 
primary streets along prevailing summer winds to 
enable natural ventilation. However, the available 
dark-colored coating and finishes and the lack of 
open spaces and planting in the vernacular settle-
ments have a negative impact on outdoor comfort.

Future research will focus on field measurements 
at open spaces of the settlements under study. Anal-
ysis of on-site measurements will address the contri-
bution of the bioclimatic strategies incorporated in 
the design of rural settlements to thermal comfort 
and will identify challenges and opportunities for 
thermal improvement of open public spaces.
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ABSTRACT: In the New Bariz project, Hassan Fathy engaged a clear attempt to codify, from the meth-
odological point of view, the design process of a new urban settlement in the desert. The urban form, in this 
design process, is conceived as an application of the •lessonsŽ derived from the analytical study of an oasis•s 
vernacular settlement. His aim was to draw up a methodological protocol able to orient the design of a new 
city in the desert, where he implements a sort of convergence between the meanings of the two words: cli-
mate and tradition, both essential elements of the methodology. The dissertation is leaded from the idea that 
sees this methodology constitutes the main Fathy•s heritage, applicable to the contemporary.

the elaboration of an urban project, based on the 
tradition knowledge as well as the relation with the 
climate. Planning with the climate for him was not 
the slogan that Olgyay brothers chose for giving a 
title to their researches, but a solid possibility that 
Fathy tried to treat as design methodology, useful 
for the configuration of the project characters both 
in Architectural scale and in the Urban dimension, 
not only from the technological point of view, but 
mainly as the form configuration process.

2 DESIGN WITH CLIMATE AND 
TRADITION

Fathy put into action a convergence of meaning 
between the words climate and tradition which came 
from the idea, thanks to his researches on vernacular 
architecture in Egypt based on the great knowledge 
of the ancient Egyptians, that sees the traditional 
architectural knowledge primarily expressed in 
actions aimed at modifying the hot arid climate in 
the architectural or urban spaces. The desert, that 
Fathy saw like the emblem of the environment for 
Arab people, in architecture is transposed, in addi-
tion to the symbolic dimension, with climate fac-
tors: air and light. •Design with climateŽ is turned 
into •design with traditionŽ, and the link between 
climate and tradition becomes the environment

•The architect does not put his building in the 
interstellar space, he puts it in two environments:

Number one is the God-made environment 
which consists of the landscape with all that makes 
it and its configuration, valley or mountain, or 
plain, etc., as well as the fauna and flora and man 
itself, the climate and the atmosphere with its seven 
zones that envelop the crust of the globe, and even 
the stratosphere [ƒ]

1 THE NEW BARIZ URBAN PROJECT

The New Bariz project in Kharga oasis, in the 
heart of the western Egyptian desert, began within 
the sphere of a wide urbanisation programme of 
desert areas that the Egyptian government started 
during the Sixties. Fathy undertook this project 
elaboration in his full professional maturity when, 
finished his experience in Athens with C. Doxi-
ades he had acquired his own idea of the city of 
future, and New Gourna, his first experience of a 
new city project, had been built ten years before. 
During this period Fathy•s scientific interest was 
completely involved in the systematisation of his 
design methodology based on climate.

The few buildings realised in Bariz arose the 
higher level of architectural expressivity in all Has-
san Fathy•s works. However they appear as spectral 
ruins abandoned in the desert, quite a metaphor 
of Fathy cultural loneliness in Egypt, even if  to all 
appearances there is an unanimous agreement with 
the issues of his research work.

New Bariz is firstly a project of a new urban set-
tlement in a oasian landscape, but, in Fathy•s idea, 
it has various meanings. The project was developed 
with the aim of identifying a model able to be an 
exemplar application of that design with climate 
methodology, plainly clarified and illustrated in his 
last book: Natural Energy and Vernacular Archi-
tecture (Fathy 1986); at same time the New Bariz 
project is an attempt to realise the old idea of build-
ing with the people firstly experimented in New 
Gourna, and here improved through more refined 
self-building techniques. In the writing Bariz, a case 
study in rural housing (Fathy 1977), which is nearly 
an illustrative essay of the project and of the prin-
ciples which lead to his elaboration, it is possible 
to trace out the guidelines that Fathy followed in 
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Number two is the man-made environment, 
the built or urban one. [ƒ] In Bariz, there was no 
man-made environment on the site of the project. 
But this does not mean that I•m freed from to con-
straints imposed on the designer by respecting the 
work of his predecessors in the area, and Bariz 
should be a continuity of human response to the 
natural environment.Ž (Fathy 1977).

Facing a virgin natural landscape, the absence 
of built, man-made, is replaced by the memory of 
architectural knowledge, Fathy has written:

•There were the Old Bariz and all the other vil-
lages in the oasis to which New Bariz will be added 
and must match with. Unfortunately, we had no 
plans of Old Bariz or of any other town or village 
in the region to guide me in the design. But there 

was the village itself, built in the traditional lay-out 
and configuration, with its narrow and meandering 
streets and introverted houses, in which I experienced 
the same comfortable climate as in old Kharga. 
However, for the design purposes, I had to see these 
villages in architectural plans and drawings, so as a 
tentative to explore how the design should look like 
with the respect of the complex of disciplines and 
criteria. I chose an image of a typical desert town 
plan of a Tunisian village which was projected on 
a hypothetical plot-plan of a neighbourhood for 
Bariz. I then superimposed on it various solutions 
with respect to the different factors to be considered, 
correcting and adapting it each time with the image 
of the previous solutions under sight. These factors 
were: the climatic, the demographic, communica-
tions and the aesthetic factor.Ž (Fathy 1977).

The context in this sense does not correspond 
with the site where the Architecture will be placed, 
but with the environment, in the double meaning 
of natural and built, and the design process has 
to be conducted in relation with this concept of 
environment.

Above all Fathy made clear the need of a ref-
erence that, to be used in the project, had to be 
readable in the proper terms of design elabora-
tion: under the forms of plan, stand architec-
tonic drawings. Using the analogy methodology 
he chose a context to refer to, a Tunisian village, 

Figure 1. Fathy•s analysis of the Tunisian village. 
1. Climatic characteristics: courtyards and void spaces. 
2. typological characters. 3. Streets and circulation 
(redrawing by the author).

Figure 2. Fathy•s sketch to verify the block•s open 
spaces (courtesy of Aga Khan Trust for Culture).

Figure 3. New Bariz_site plan; A Farmer houses, 
Bstorehouses, C zesidential tissue, D farmers area, E 
farmers association, F non farmers houses, G town hall, 
H employees houses, I bus stop, L station, M culture 
house, N village center with public buildings, O Primary 
school, P police, Q high school, R auto-construction 
center (redrawing by the author).
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compulsory in the foundation design of a new city, 
where the choice of what city the architect has to 
refer to is related to the personal educational path 
in the field of architectural design. Fathy under-
took his choice thinking about the context charac-
ters, he looked at the historic core of Kharga Oasis 
while other western architects, in a similar condi-
tion, assumed not nearby contexts but analogous, 
ancient cities, belonging to their cultural baggage, 
as the Greek ancient city, the Ippodamo da Mileto 
layout.

The methodological issue is important: the archi-
tect takes from tradition the reference city layout, 
he studies the tissue, the urban design, the relation 
between monuments and residential areas, and 
for doing it, he needs drawings, city plans, where 
he can find out and measure the most typical ele-
ments to put forward again in a new shape accord-
ing to the contemporary needs. This is a prelude 
to the urban design of the city and brings coher-
ence and sense to the design process. Following the 
Fathy•s methodological course, the main character 

Figure 4. New Bariz, residential blocks (courtesy of 
Aga Khan Trust for Culture).

Figure 5. Plan of the village center with public buildings A town hall, B bank and postal office, C head of offices 
house, D head of engineers house, E market, F mosque, G hospital, H museum (courtesy of Aga Khan Trust for 
Culture).

similar in climatic and environmental conditions. 
Only in this way he is able to identify the typolo-
gies of the urban design, determining at the same 
time the principal characters of the urban layout. 
The assumption, like a reference, of an historical 
city layout constitutes a methodological step quite 
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of his new oasian settlement is the climate. The 
urban design will be related, once the typologies 
are defined, to the wind and the Sun. It is relevant 
to understand how Fathy is going to develop the 
hierarchy between the Urban open spaces of the 
city. To the organic compactness of the traditional 
city of the oasis, the Bariz project corresponds to 
a plan based on the block logic, Bariz is actually a 
modern city. City of future cannot be forgotten, 
the lesson on modernity cannot be eluded, it is 
not possible to avoid the progress, the cars, neither 
in the desert. Fahty•s intention is to compose the 
oasis„layout with the layout of the modern city, 
through the block•s design.

Within the block a refined environmental situation 
is then reproduced. A scale passage seems to be real-
ised, where the single blocks, treated in the design as a 
sort of oasian microcosms, are defined according to 
the rules of the urban spaces of ancient oasis. Fathy, 
following the climatic dictates, applied the principles 
of the Arab city in the composition of the streets, 
small squares, gardens. A series of sketches witness 
the design path followed to define the planimetric 
form, the altimetric relations of a small square and 
some Architectural elements belonging to a typical 
Bariz• block. It is obvious that Hassan Fathy studied 
the theories and the methodologies of Olgyay broth-
ers, in fact, in these sketches it becomes more evident 
how he concretely used the air flow trend diagrams 
to operate his own choices of form. It is interesting 
to see how the plan•s or section• geometry of a square 
depends on the air flow diagrams.

Further sketches show the tests he made several 
times on the shade conditions in the urban open 
spaces, where the form becomes a function of the 
Sun course.

3 THE OWNER-BUILDER 
ARCHITECTURE

In Bariz project the urban open spaces• forms, cho-
sen according to traditional and climatic issues, 

Figure 6. New Bariz, residential blocks (courtesy of 
Aga Khan Trust for Culture).

Figure 7. New Bariz, residential block (courtesy of Aga 
Khan Trust for Culture).

are integrated with the idea of the owner-builder 
architecture, which Fathy indicates as the only 
realistic possible solution to the problem of hous-
ing the poor. Even the block•s choice as the base-
unit of the urban layout, is related to the self-build 
necessity:

•Compartmenting the village into such neigh-
bourhoods will bring it to human scale. At the 
same time this could allow for the creation of 
closer relationships and breed cooperation and 
concern within the group. This is a prerequisite to 
the workability of the owner-builder system (the 
only realistic solution to the problem of housing 
the poor)Ž (Fathy 1977).

The issues related to •to build with the peopleŽ 
are focusing on the unity of soil and building mate-
rial of architecture:

•In fact, the problem does not lie in the labour 
which peasant can provide but in the material, 
cement, steel, and other industrialized materials 
which need to be bought in cash. [ƒ] If  the peas-
ant cannot provide cash, he may provide labour. 
We have existing examples to show that he can eas-
ily convert available materials into housing. From 
historical times, he was forced to find the right 
solution to this seemingly intractable problem in 
many places, with only the available materials at 
hand such as stone, mud, bamboo, and reeds, etcƒ
In agricultural areas mud is the natural building 
material. But mud-brick is a lively material, it does 
not set once and for all after drying and is affected 
by humidity and water. There is almost no rain in 
the oasis, however, it would be useful to say a word 
about the matter.Ž (Fathy 1977).

The brick, in fact, is the unique building mate-
rial used, both in the walls and in the roofs, thanks 
to the wide use other Nubian vault technique.

Fathy writes: •If  peasants can easily manage 
to put up walls, they are defeated by the roof. The 
roof requires materials which take up bending and 
tension stresses materials, not available on the site, 
have to be paid for in cash. From the antiquity, 
the people of Egypt, Iran and Iraq have devised 
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an ingenious method for roofing with mud brick 
solving the problem of stresses and resistance of 
materials by the geometrical form. They made the 
roof in the shape of a vault with the profile of a 
catenary curve, thus annullating the tensile stresses 
and the bending moments exposing the crust of 
the vault to compression only. They devised an 
ingenuous and simple method for the construction 
of these vaults, right out in space, without the need 
for any centering or support. This, they achieved 
by building the vault in successive rings with bricks 
laid end to end in a plane slightly inclined to the 
vertical, leaning against an end wall.Ž (Fathy 1977). 
In Bariz Fathy did not foresee only the utilisation 

of the local mud bricks, but he scheduled the brick•s 
production on site, designing a brick„production 
plant, a project of a self-build centre, that takes an 
important place in the urban project of New Bariz. 
Beside the detailed drawings of all the architec-
tures of Bariz we find the detailed drawings of the 
bricks-production plant, where Fathy traced the 
extraction area, the streets useful for the produc-
tion activities, fenced the drying plots (he foresaw 
the usage both of cooked bricks as well as dried 
ones), and finally made a detailed drawing of the 
kiln to rationalise the bricks production•s cycle.

•If  a village is to be built by its own future 
inhabitants, it is not enough to give them the skills 

Figure 8. New Bariz Village, section and plan showing the urban takhtabush •this concept can be used in the town 
plan of a village or a residential sector from which automobile traffic is excluded, to provide a cool and agreeable meet-
ing place for the inhabitants. In this case, the takhtabush can be set between two squares, one larger yhan the other. 
The larger square is on the leeward side to help in creating drafts by pressure differentialŽ (Fathy, 1985) (courtesy of 
Aga Khan Trust for Culture).
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and the materials. We have to add to that the nec-
essary tools and equipment for building construc-
tion, a striking proof of the practicality of this 
system appeared in the building of the school at 
a village called Fares. This is an isolated village 
which lies on the western bank of the Nile oppo-
site Kom Ombo with no easy communications, in 
fact an oasis like Bariz. [ƒ] The school building 
organisation had given me the project as a research 
work and I proposed to have it built by the small 
local builders who happened to master the tech-
nique of vaulting which they used in their village 

for roofing. We bought L.E. 200 worth of equip-
ment: scaffoldings, trowels, edges, ropes, etc. and 
lent it to these local builders against 10% of their 
due as a rent for using it. The school cost only 
L.E. 6000, which is one third as much as normal 
ones in more accessible places in the region. [ƒ] 
It was this experiment that brought to me the idea 
of proposing the creation of the auto-construction 
centre with all the equipment and tools neces-
sary for building as a new amenity to be held in 
every new and even old villages. In Bariz, it was 
the first building we started with.Ž (Fathy 1977). 
He arrived to the point of establishing a timeta-
ble of the architecture•s realisation depending on 
the bricks production time. Fathy synthesised the 
hole design process, with the explanations of all its 
components, with these words: •The configuration 
of buildings, their orientations, and their arrange-
ment in the space create a specific microclimate for 
each site. To this must added the building materi-
als, surface textures and colors of exposed surfaces 
of the buildings, and the design of open spaces, 
such as streets, courtyards, gardens, and squares. 
[ƒ] for each site, there is an optimum arrangement 
in space that the designer should seek and use as 
a standard of reference in the process of deciding 
upon a certain design.Ž (Fathy 1977).

The New Bariz project represents a significant 
example of total integration between Architecture 
and environment involving, already in the design 
phase, a whole process based on the triad, typol-
ogy, climate and soil as well as all the complex 
aspects contributing to build a city: from the urban 
dimension, to the architecture scale, to the detail, 
to the use of the building material and its produc-
tion on site.
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ABSTRACT: The paper aims to deepen the study of vernacular architecture in Campania felix. Rural 
dwellings, agricultural and lookout towers, rural farmhouses built on archaeological remains are the main 
components of a full palimpsest strewn over the agricultural land of Campania Felix. This heritage, which 
is in a state of disuse and abandonment, is not yet fully known and catalogued and constitutes an irre-
producible repertoire of local building, material, and technical traditions of undeniable interest. This 
paper is characterized by an interdisciplinary approach and will address the close relationship with the 
landscape of these settlements, continuity of use and bioclimatic characteristics and materials which make 
this heritage a good lesson for sustainability and ecological way to built and live. Illustrative case-studies 
of vernacular architecture will be chosen in order to identify the mechanisms of recurring structural dam-
age and material decay.

• environmental values• and to the need to ensure 
the permanence through protection actions at 
urban scale and, at the same time, regularly using 
to conservative operations conducted in the heat 
of the factory or on its context.

It is in this latter case, as Giovanni Urbani 
taught (Urbani, 2000), to provide ongoing main-
tenance and conservation works, because effective 
conservation action cannot never considered com-
pleted, and is not necessarily carried out them on 
the surfaces of the building or structure manufac-
tured housing, but on its •boundary conditionsŽ 
and on the environmental context that determines 
the specificity values, but also sometimes the dete-
rioration. This is the case of many vernacular 
architectures surrounded by greenery, in close con-
tact with the sea or with the rock scattered in the 
diverse landscape of Campania.

The heritage of vernacular architecture in Cam-
pania felix has thus closely followed the structure 
of its agricultural territory: vine is the main crop, 
but the presence of fruit trees and woods is histori-
cally documented, especially of chestnuts, which 
provided wood for vine piling. However during the 
classical age historical farmhouses were also built 
along the routes of the ancient roads of communi-
cation between Rome and Naples. In the vicinity of 
these routes a widespread rural urbanization arose 
ranging from agricultural warehouses, to cisternae, 
columbaria, funeral mausoleums, and villae rusticae.

The nuclei of modern hamlets (De Seta, 1984) 
have subsequently been grafted on the Roman 
ruins of these architectures strictly connected to 

Rural dwellings, agricultural and lookout towers, 
rural farmhouses built on archaeological remains 
are the main components of a full palimpsest 
strewn over the agricultural land of Campania 
Felix. This essay will address the close relationship 
with the landscape of these settlements, continuity 
of use and bioclimatic characteristics and materi-
als which make this heritage a good lesson for sus-
tainability and ecological way to built and live. 

1 THE VERNACULAR HERITAGE IN 
CAMPANIA FELIX „CONTINUITY 
OF USE AND RELATIONSHIP WITH 
THE LANDSCAPE

Campania felix„a vast territory that lies between the 
Southern Lazio and the beginning of the Sorrento 
Peninsula and in the east until the Apennines„has 
constituted from at least two centuries an example 
of a balanced relationship between the natural land-
scape and built heritage, representing the symbol of 
a natural beauty with high specificity. The man has 
used, since the middle of the last century, this land 
for agricultural purposes and constructive settle-
ments that have adapted to those specificity.

The vernacular building of Campania felix, with 
its balanced relationship with the natural land-
scape, particularly lends itself  to seize one of the 
most significant aspects of the debate on the resto-
ration and protection of the landscape in the twen-
tieth century in Italy: the attention to the •minorŽ 
architecture, to the architectural literature, to 
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the purely agricultural vocation of the Ager Cam-
panus. Later, the first structures of the farmhouse 
complexes were built without formal, material, 
and functional interruptions (Falcone, 2010). They 
were sometimes complex structures surrounded by 
a vast cultivated area, as can be seen from the main 
cartographic maps of the contours of Naples„
such as the •Duca di Noja• map, the •Rizzi Zannoni• 
map and the Mappa Topografica e Idrografica de• 
Contorni di Napoli„drawn between the late eight-
eenth century and early nineteenth century (Duca 
di Noja, 1775; Rizzi Zannoni, 1793; Regio Officio 
Topografico 1817…19).

The broad reuse of forms, spaces, and materials 
of the Roman building tradition (Picone 2008) was 
often due to economic reasons, as in the case of the 
use of ancient nymphs as foundations for new rural 
constructions. As the foundations were the most sub-
stantial constructive investment both in economic 
and technical terms, the reuse of ancient artefacts 
allowed for an easier and more rapid execution.

However, the ancient spolia continued to be used 
for purposes similar to those for which they had 

been originally built, with a functional continuity 
that recalls the phenomenon defined in the 1960s 
by Emilio Sereni as inertia of the agricultural land-
scape (Sereni, 1961). The expression refers to those 
centuries„old experiences and lines of cultural 
continuity for which farmhouses are considered 
a •deposit of collective memoryŽ (Gravagnuolo 
1983), places which hardly undergo any change, 
where it is possible to read the historical and cul-

Figure 1. H. Hondius, Terra di Lavoro olim Campania felix, Amsterdam, about 1640.

Figure 2. Capri. Vernacular architecture in yellow tuff, 
with extrados vaults covered in beaten lapillus, during its 
realization. (Cerio, 1923).
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tural evolution of a geographic context, through 
the interpretation of the materials associated with 
the •choral• history of the territory.

The close link between the agricultural com-
munity and cultivated lands has been the object of 
many studies conducted on rural houses by schol-
ars belonging to the fields of sociology, ethnogra-
phy and geography, both in the Italian (Biasutti, 
1924; Id, 1932; Id, 1955; Sereni 1961) and Nea-
politan academic community (Fondi, Franciosa, 
Pedreschi, Ruocco 1964). In the field of architec-
tural historiography, in the period between the two 
world wars, there has been an in-depth analysis 
of the legacies of rural tradition led by Rational-
ist architects such as Giuseppe Pagano, who in 
1936 defined this area as a •huge dictionary of 
the constructive logic of mankindŽ (Pagano, 1935; 
Pagano, Daniel, 1936).

Among the Neapolitan academic community, 
already Roberto Pane•s studies on the environment 
and architecture having a choral value„which fol-
lowed the studies by Biasutti (Biasutti, 1925), Cerio 
(Cerio, 1922; Id, 1923) and Castaldi (Castaldi, 
1930)„had outlined (Pane 1928) some interest in 
the crucial theme of the twentieth century archi-
tectural debate in the Campania region. This topic 
will be repeatedly investigated by Pane, becoming 
one of the current topics of his reflections (Picone, 
1988; Id. 2005; Id, 2008).

These insights also influenced many architects 
(Baculo, 1979; La Regina, 1980; De Seta, 1984; 
Bruno, 2001) which have conducted in-depth inves-
tigations on the typological aspects of •rustic archi-
tecture• scattered in the Campania region, using 
the typical tools of the architectural historiography 
of the second half  of the twentieth century.

Convents or large manor houses were later on 
transformed into rural settlements. Also the latter 
were often handed over to the religious orders as a 
donation, becoming a major source of livelihood 
for internal use, for maintaining religious men liv-
ing in city monasteries, and for annuity. Such com-
plexes, agricultural convents sometimes surrounded 
by towers and walls for protection against robbery 
attacks, became farms with complex rural services.

2 CONSTRUCTIVE CHARACTERISTICS

In terms of materials, the vernacular architectures 
in Campania Felix are made of yellow tuff, poz-
zolana, rare remains of loose lava, pumice, and 
lapillus: an excellent materials to build the outer 
walls and the roofs, for the traditional extrados 
vaults, with their coating in beaten lapilli , which is 
one of the key elements of this heritage. Linked 
to strong anthropological traditions, apart from 
technical and constructive ones (Cerio, 1922; 

Di Stefano 1967; Aveta, 1987), for centuries the 
beaten lapillus technique enabled waterproofing of 
the plastic extrados membranes of barrel vaults, 
trough vaults, cloister vaults, and bohemian vaults, 
which cover rural houses in Campania, connoting 
their presence in the agricultural landscape. The 
principal reference for beaten lapillus in the Edwin 
Cerio•s essay discussed during the Capri Confer-
ence on Landscape in 1922.

Particular attention should be paid then to the 
local technique of the realization of the vault abut-
ments, typically made with the use of mummarelle, 
kind of clay amphorae, that in the vaults that sup-
port the upper decking, were used to fill, without 
overly burdening the structure in tuff, the space 
between the curved part of the kidneys of the vault 
and the floor above.

The vault abutments, as well as the thickness of 
the vertical wall elements above ground and the 
proper implementation of beaten give a strong 
energy sustainability to the traditional house of 
the Coast, which constitutes as a •wall boxŽ a rare 
example of energy efficiency, with a high thermal 
inertia, which can retain heat in cold seasons and 
to sell it, thanks to large openings, in hot ones and 
a high insulation capacity from sunlight, almost 
twice that of a modern synthetic sheath.

An architecture without architects, where 
•yardsticks have been replaced with footsteps, lev-
els and plumb lines were ignored, the shape of the 
walls is influenced by the same plastic vivacity of a 
clay object created by a craftsman•s handsŽ (Pane, 
1936). The plastic values of vernacular buildings 
are praised not only in Roberto Pane•s elegant 
prose, but also in his drawings, engravings, and pic-
tures, which„even more than his words„give full 
expression to these architectural features.

The intermediate floors of the farms are made 
of wooden beams, alternately arranged with respect 
to the thickness of the section, surmounted by a 
secondary plank of panconcelli, also known as chi-
ancarelle, which were used to distribute the loads 
without any further weight increase on the deck and 
consisted of chestnut bark and a separating boulder 
made of pumice and lapilli , autochthonous materi-
als easily found in the area. The heads of the beams 
were supported by a solid brick called •dormant•.

The rainwater regimentation system was par-
ticularly complex: starting from the extrados plas-
tic membranes of the covering vaults, water was 
conveyed to the ground or to a tank by means of 
exposed gutters made of trapezoidal brick roof 
tiles that followed the course of the water from the 
vault and then along the facade, constituting a con-
noting element of these vernacular constructions. 
In rural houses of Campania felix bricks were also 
used as abutments for the vaults of the interme-
diate floors, as elements of wall reinforcement-the 
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so-called •chains of bricks•, or in the cylindrical 
elements used for the ventilation of walls, which 
resemble modern siphons.

Even the finishing materials of these historical 
farmhouses were made of products that could be 
easily found on site. They were also used for the 
historical plasters consisting of pozzolan mortars 
slaked on site, traditionally painted with pinkish 
lime paints that mark the presence of these farms 
in the natural landscape.

3 VARIETY AND RECURRENT 
TIPOLOGY

The mild and dry climate of the area has also influ-
enced the ways of living and determined certain 
specific distribution of the Phlegrean farms, which 
favour outdoor activities. Thus, social life takes 
place at the threshing floor or in the farmyard; 
horizontal and vertical connections are created 
using ramps and walkways outside the core set-
tlement of rural houses, and sanitary installations 
are located in independent buildings. External 
masonry stairwells on rampants with gooseneck 
arches, balconies in solid masonry jutting out on 
big shelves or supported by arches and vaults, log-
gias and rampant arches are the key composition 
elements of rural architecture.

As already noted, the agricultural structur-
ing of a territory determines the various types of 
rural architecture: the Phlegrean Fields are poorly 

covered in grass and livestock farming has histori-
cally been affected by this unfavourable soil condi-
tion, so much so that rural Phlegrean houses are 
often deprived of stables, while the prevalence of 
vineyards has led to the construction of big cel-
lars, often, as mentioned, grafted onto pre-existing 
Roman columbaria, nymphs in opus reticulatum, 
or simple agricultural warehouses.

In many cases, they are areas used for wine and 
olive oil processing, with torches, pressing vats, 
and wine aging barrels. Except for more complex 
cases, cellars have a rectangular shape and are cov-
ered in Lamia, i.e. masonry barrels vaults; they are 
characterised by a bare prospect on the short side, 
with an opening in the centre with a rectilinear tra-
beation surmounted by a square window, enclosed 
by wooden lattices to ensure internal ventilation. 
Many rural houses were provided with tanks, an 
environment under the threshing yard or the out-
side yard sealed in cocciopesto or lapillus, which, by 
storing rainwater, ensured the irrigation of appur-
tenant fields even in periods of low rainfall.

However, we should not underestimate the 
influence that the type of ownership (private or 
religious) and the sheer size of the estate have had 
on the conformation of these architectures. Some 
poor or lofty formal solutions are in fact justifiable 
on the basis of whether the building belonged to 
noble families, landowners or to simple peasants. 
The presence of a private chapel on the farm is 
usually due to the historical monastic property of 
the farm where it is located.

Agricultural lands of vast dimensions, usually 
owned by the feudal nobility or used by religious 
orders linked to the major monasteries of the capi-
tal of the Kingdom, have encouraged the spread of 
the most complex type of settlement, with a closed 
court, which borrows its constructive language and 
composition from the Roman rustic dwellings on 
which there were often built.

Figure 3. The mazzoccola, the typical instrument to 
realize the beaten lapillus upon extrados vaults (Cerio, 
1923).

Figure 4. Terzigno (Naples). Casa del Vescovo. The 
double dock of extrados vaults (Picone 2012).
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tion resulting in extensive cultivation with others 
requiring a smaller size property. The agrarian struc-
ture of the Campania felix changes as crops change, 
with special adaptation to the climate, altitude, and 
to the land structure: the land fractionation and the 
fragmentation of the ancient nuclei increases, as well 
as the dispersion of rural architecture settlements, 
which continue to be isolated and to adapt their 
typology to the main crops, and hence to the agricul-
tural processes that take place within them.

4 FROM THE ABANDONMENT TO 
A MISTAKEN •ENHANCEMENT•

Nowadays, the Vernacular architecture in Campa-
nia felix are in a general state of disuse and neglect, 
due not so much to earthquakes or bradyseism as 
to their progressive abandonment, even by their 
owners. A heritage that has gradually lost its origi-
nal function„also due to wild urbanization and 
ecological conditions that make quality agriculture 
difficult„is struggling to justify its conservation, 
although it still preserves its historical-constructive 
values and also in some cases its landscape value. 
Consisting of low and compacted buildings with no 
more than two floors, this heritage has withstood 
the earthquakes that have historically taken place 
in the area, but will not stand the lack of mainte-
nance that today is gradually consuming the beaten 
elements, bringing down the wooden floors, pul-
verizing the masonry mortars subjected to crush-

Figure 5. Terzigno (Naples) Casa del Vescovo, Laboratory of Restoration, prof. arch. Renata Picone, year 2011/2012. 
Student: Nadia Paragliola.

Figure 6. Acerra (Naples). Rural House called Masse-
ria Giuliano. The arch in the main facade (Picone 2013).

The reduction of land ownership resulting from 
the division of the ancient estates, which occurred 
between the eighteenth and nineteenth century and 
then with the agrarian reform, has favoured, con-
versely, the spread of single or multi-cellular farm-
houses, with a square base, consisting of one or more 
floors, which constitutes the basic settlement model. 
The increased farming complexity of the Neapoli-
tan area in comparison with other Italian areas is 
generated by a greater land fractioning (95% of the 
agricultural lands do not exceed five hectares), thus 
rural houses of Campania felix present a great vari-
ety of types, even in very small areas.

It must not be forgotten that the fragmentation of 
large rural dwellings was dictated by the reduction of 
land property attached to them and, therefore, also 
by the change in land use and the gradual substitu-
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ing and deleting the traces of a building tradition 
that is disappearing because of abandonment.

While the walls, often protected by the thick 
beaten lapilli , have been kept in an overall good state 
of preservation, the same cannot be said for the hori-
zontal wood, far more fragile, which over the centu-
ries have been subject to rot, pests, and fires resulting 
from chimney smoke, and were therefore often 
replaced with joist floors and vaulted ceilings (in 
the early twentieth century) or, more recently, with 
brick and cement floors, which nowadays is one of 
the major causes of deterioration of these architec-
tures due to the oxidation of their reinforcing bars. 
In compliance with Law N. 378 of 2003 containing 
•Provisions for the Protection and Enhancement of 
Rural ArchitectureŽ, in 2006 the Campania Region 
issued a draft law •Regulations Regarding the Pro-
tection, Preservation and Enhancement of Tradi-
tional Rural ArchitectureŽ, which in the absence of a 
full awareness of the values and elements necessary 
to safeguard this heritage, actually encouraged inter-
ventions that distorted the technical and anthro-
pological specificities of these architectures, in the 
name of a misunderstood work of •enhancement•.

The two case studies chosen are representative 
of some of the aspects set out above; one, related 
to the eastern part of Terra di Lavoro, in the village 
of Terzigno, near the Vesuvio area and the second 
in Acerra, called Masseria Giuliano. The two illus-
trative case-studies of vernacular architecture have 
been studied in order to identify the mechanisms 
of recurring structural damage and material decay, 
to be solved with a restoration project technically 
wise and aware of the values to be preserved.

Therefore, it was fond how, recognizing the 
uniqueness of the individual episodes, this vernac-
ular architecture must be analyzed as a settlement 
system. A system whose interest lies not so much in 
the beauty of the single elements, but rather to its 
belonging to a built heritage, which is evidence of a 
building tradition that has a close relationship with 
nature and the use of local materials.
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Preliminary studies on traditional timber roof structures 
in Gjirokastra, Albania

F. Pompejano
Politecnico di Milano, DAStU Department of Architecture and Urban Studies, Milan, Italy

K. Merxhani
CHwB, Cultural Heritage without Borders, Branch Office in Tirana, Albania

ABSTRACT: Historic timber roofs are load-bearing structures made of wood according to an heuristic 
and intuitive design, without structural engineering theory support. Traditional wooden roofs in Gjirokas-
tra (Albanian UNESCO World Heritage), seem to be very peculiar in the Southern Western Balkans. The 
roof structure consists of a single main warping covered by timber planks and stone slabs of different 
sizes and thickness, placed without mortar or metal hook connections. Elements are connected each other 
with nails in a very simple heel joint considering the connection between horizontal beams and rafters, 
and an half-lap joint concerning the connection between rafters and posts. Horizontal beams are nailed 
to the timber ties system of the masonry which reinforces horizontally the walls ensuring the overall box-
like behavior. The paper will deal with a preliminary description of these wooden structures based on the 
analysis of a case study: Banesa e Skendulate roof.

Firstly, the research methodology consists in a 
very deep knowledge of the case study typology 
from the technological point of view since a clas-
sification based on the structural behavior of post 
and beam roofs is missing.

Once, the overview casuistry will be clarified, in 
order to be analyzed different case study, will be 
selected.

Secondly, an in situ survey and diagnostic phase 
will be conducted on the selected case study.

In the end, all the data will be processed follow-
ing and trying to improve the current methodology 
suggested in the main state of the art literature.

2 TRADITIONAL ARCHITECTURE IN 
GJIROKASTRA

Gjirokastra (Albanian UNESCO World Heritage) 
is located in the south of Albania (Fig. 1), between 
two other UNESCO world heritage sites, Berat and 
Butrint. It is next to the Greek border and also in 
close proximity with the seaside. Ethnographically, 
Gjirokastra is situated in between the regions of 
Laberia, Lunxheria, Riza and Dropulli. All these 
regions meet each other in the so called Drino Val-
ley, which is rich of various Albanian historic sites 
(Baçe 1972). The early traces of settlements in the 
valley are still today visible by different monuments 
and cities. Archeological sites as Antigonea (founded 

1 INTRODUCTION

The safety evaluation of an existing timber struc-
ture is a key task for maintaining it in service or 
not by means of the definition and prescription of 
conservation measures and interventions.

The knowledge process requires to gain informa-
tion on the geometrical and mechanical properties 
of timber members, as well as on the loads that the 
structure was and will be subjected to. Moreover, 
in old timber structures, the mechanical properties 
of timber are affected not only by the duration of 
load and moisture content, but also by the biologi-
cal decay.

Due to the influence of vary issues not considered 
in the original design, like ageing, load history, biogi-
cal decay, etc., the usual procedure of design for new 
timber structures cannot be directly applied in the 
safety evaluation of the existing timber structures.

The paper proposes a first case study of an 
Albanian ancient timber roof structure, prelimi-
narily analyzed during the author•s Master Thesis• 
degree in Architectural Engineering at the Univer-
sity of Genoa.

The choice to consider as research case study the 
post and beam roof typology (Tsakanika, 2007) not 
common in the Western Europe, could be suitable 
for the on-going author•s research, which aims to 
achieve new approaches for the assessment of the 
state of conservation of existing timber structures.
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building material as well as the local climate condi-
tions of the Gjirokastra region.

From the architectural point of view, it is inter-
esting to underline the internal functional differen-
tiation of the spaces of the house which changes 
from down to up. The ground floor was mainly 
used as storage for food and different materials as 
well as craft laboratory. The first and the second 
floor were used as living space, where the first floor 
was mainly used during the winter and the second 
floor during the summer time.

Furthermore, the characteristic of fortified dwell-
ings is emphasized by the verticality and by the minor 
presence of small openings on the part of the façades 
of the ground floor as well as the large presence of 
loopholes on the surrounding perimeter wall.

The first floor is usually lower and with small 
windows in order to be better heated during the 
winter time. It is called dimerore which means the 
wintry floor. The second floor has higher ceilings 
and larger windows on the façades. It is called 
beharore which means summer floor.

Unlike other traditional buildings in Albania 
which mainly develops horizontally their volume, 
Gjrokastra traditional ones are the only who have 
the character of kulla„fortified towers„that in 
other parts of the Balkans are usually spread in the 
rural landscape, but here they are grouped in order 
to form an urban space.

2.1 Building techniques and materials

The building techniques are closely related to the 
materials characteristics and also to the local needs 
and climate and geographical conditions.

In Gjirokastra, the foundations of the buildings 
are realized with local limestone and since they are Figure 1. Gjirokastra•s location. Photo by Google Earth.

Figure 2. From the left, the three main dwelling typologies. (E. Riza).

in 293 B.C.) and Hadrianopoli (2nd Century A.D.) 
as well as the later villages and buildings from the 
Byzantine and Ottoman period (i.e. Paleokastra, 
Labova e Kryqit, Tekke of Melan) document this 
long lasting history through different stages in time.

The most significant work on the dwelling 
typology of Gjirokastra•s buildings was conducted 
in the 1980s. A monograph about the traditional 
buildings of Gjirokastra (Riza, 2004), classifies 
the dwelling houses according to two main com-
positional features, the topographic location of the 
building and the position of the basic module, in 
the following three main typologies (Fig. 2):

… perpendicular dwelling house
… one wing dwelling house
… two wing dwelling house

The architectural and structural characteris-
tics of Gjirokastra dwelling house are influenced 
by the slope of the terrain and by use of the local 
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built on a rocky terrain, foundations do not go 
deepen in the ground.

Bearing walls are made by local limestone hewn 
blocks reinforced by horizontal wooden timber tie 
embedded in the masonry (Fig. 3). The horizontal 
timber tie system is placed every 8 ÷ 120 cm going 
throughout the all perimeter of the building like 
a belt. In the corners, the system is ensured by a 
diagonal wooden element. Furthermore, timber 
floors and roof are directly connected with this 
system through riveted joints in order to guarantee 
a box„like behavior of the building.

Timber ties are usually made with oak or chest-
nut wood and located on both sides of the wall, 
but unlike the internal ones, the external timber ties 
are usually covered with a stone course in order to 
protect them from the rain.

The mortar is a mixture of river sand and lime 
but in some buildings mortar made with clay can 
also be found.

Wooden partitions, made with vertical posts 
and horizontal battens and called çatma, are used 
in the second floor to divide the spaces and in the 
main façade in order to realize larger openings.

2.2 Banesa e Skendulate: a case study

Banesa e Skendulate (Fig. 4) is part of the histori-
cal center of the museum-city of Gjirokastra, an 
unique and well-preserved example of Albanian 
urban vernacular architecture influenced by the 
Ottoman architectural style, situated in a strategic 
position in the Drino valley. It represents not only 
the typical compositional characteristics of this 
architecture but also a culture and a lifestyle deeply 
rooted in its own traditions.

From the compositional point of view the house 
belongs to the third Riza•s typology.

The plan is a C shape composed plan (Fig. 5) 
distributed on three floors, consisting of four 
blocks: two wings containing, from down to up, 
katoq, the odë and the oda e mirë (or oda e miqve) 
in the north wing, the katoq and two odë in the 
south wing; the central block, composed by nën-
divan, divan i poshtëm and çardak (or the divan i 
siperm) is the volume of connection between the 

Figure 3. The timber tie system and the diagonal ele-
ments (Photo by Pompejano, F.; drawings by E. Riza).

Figure 4. Banesa e Skendulate. View of the main façade 
(Pompejano).

Figure 5. From the left, the ground, first and second 
floor (Pompejano).

Figure 6. Longitudinal and transversal section 
(Pompejano).
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trusses. In fact the morphology of the construction 
(Fig. 7) reflects its spatial structural behavior. The 
origin and evolution of this kind of roofs, charac-
terized by a very simple and poor constructive tech-
nology deeply influenced from the local constructive 
tradition, has not been adequately studied yet.

These structures are still not deemed worthy of 
the same attention as well as the buildings of which 
they are an integral part; so, often failing interven-
tions are proposed and very often, most of these 
roofs are replaced with metal ones or with new 
timber king post trusses (Tsakanika 2007). Con-
sequently, a classification of the different types of 
post and beam roofs (Tsakanika 2007) that could 
exist in Gjirokastra and in the S-E and S-W of the 
Balkans is missing.

Their structural behavior is not completely 
understood from the local professionals and so 
their replacement with different structures cause 
the alteration in the distribution of vertical loads to 
the walls, which of course leads also to the altera-
tion in the distribution of the seismic loads, chang-
ing the seismic resistant structural conception of 
the construction itself.

3.1 Banesa e Skendulate roof

The study of the roof structure of Banesa e Sken-
dulate (Fig. 8) has been supported by a geomet-
ric and technological detailed survey of the main 
warping of the roofing as well as by a careful 
research of papers related to traditional Albanian 
architecture.

It is the first of a series of case study that will 
be developed.

After a first inspection aimed to approach the 
spatiality of the roof, the following one has been 
organized between the need to gather data related 
to the geometry of each timber element of the roof 
through the geometrical surveys and acquire infor-
mation about the conservation conditions of the 
timber structure through a Non Destructive Test 
campaign.

Figure 7. Traditional roofs in Gjirokastra (Merxhani).
Figure 8. 3D model of Banesa e Skendulate roof 
(Pompejano).

two wings and the rear block, located to the west, 
consisting of the service areas (qilar, qilar i zahiresë 
and sterë, the water cistern).

The distinction of housing functions was divided 
between the different floors (Fig. 6). The ground 
floor had not residential purposes, but it was used 
as shelter for the land products and materials and as 
food storage because of its more freshness guaran-
teed by the thickness of the bearing walls that have 
just two small windows located on the main façade.

The first floor, with its slightly higher ceilings 
and few small windows, having walls thicker than 
the ones of the second floor, was widely used dur-
ing the coldest periods because of its capacity to 
better retain the heat generated by the fireplaces.

Finally, the second floor, architecturally studied 
in detail, with its airy spaces and larger windows 
was especially used during the sunny days and for 
the important events of the family•s life.

Outside, the façades are simple in their com-
position. The West façade facing on rruga Ismail 
Kadare, is completely devoid of openings.

The main East façade presents on the South wall 
of the North wing, a painting depicting a hunting 
scene, and in the East wall of the same wing, a 
painting depicting two lions, one of which is now 
almost disappeared.

On both wings• façades, floral motifs are painted 
next to the small openings.

The textured masonry of the ground floor un-
plastered walls contributes to the heavy perception 
of the whole, but the three high ascending arches, 
topped in height at the second floor level by the series 
of timber arches staggered in depth on two orders, 
help to lighten up the perception of the building.

3 TRADITIONAL TIMBER ROOFS AND 
THE IMPORTANCE TO PRESERVE 
THEM

Traditional roofs of the Balkans seem to behave 
differently from the traditional western king post 
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The acquired data consisting of drawing plans, 
elevation and sections of the whole timber roof 
have been processed in order to develop a 3D 
model of the roof structure. Talking about the 
roof of Banesa e Skendulate means talking about 
a great amount of wooden elements placed next 
to each other at very close distance. All these ele-
ments cooperate to support the heavy covering of 
the roof, showing clearly the structural concept 
behind this construction. Every single element 
cooperates to support the heavy stone slates cover-
ing, so that if  any posts collapses there is definitely 
another one able to go to the rescue of the entire 
structure.

Therefore, in Banesa e Skendulate we can notice 
the classic triangular system (three hinged system) 
consisting of two rafters (mahi in Albanian) and 
a horizontal tie beam, nailed together and put in 
place to cover the space of each wing; while, in the 
central part of the building, the scheme is char-
acterized by various systems consisting of radial 
elements that converge in carpentry joints with 
the horizontal beams (Fig. 10). These horizontal 
beams cannot be compared to the king post truss 
chains, because bending stresses act on them.

Certainly, the geographical area as well as the 
influence of local building traditions influenced the 
use of the wood species and the processing joints 
techniques, which are always simple and poor.

Figure 9. Sketches and views of the joints. Joint between 
the rafter, the horizontal beam and the timber ties system 
embedded in the masonry (Pompejano).

Figure 10. Sketches and views of the joints. Joint 
between the radial posts, the horizontal beam and the 
timber ties system embedded in the longitudinal spine 
wall. (Pompejano).

In the central part of the building a set of 
radial systems is arranged, consisting of a series 
of inclined elements (Fig. 11). These inclined ele-
ments converge to a nailed joint on the upper face 
of the horizontal beams that goes through the span 
between the bearing walls, exactly aligned on the 
longitudinal spine dry stone wall of the second 
floor.

Where the span of the pitches is large, the rafters 
are divided in two pieces nailed together at about 
1/3 of their whole length, where are also placed the 
horizontal beams that form a supporting collar for 

Figure 11. View of the central part of the roof. 
(Pompejano).
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rafters, running all around the central part of the 
roof structure. Ridge beam is supported by seven 
posts, called baballëk, spaced every 1.60 meters 
which are resting on a horizontal beam, called 
lumi, transversely placed on the horizontal central 
set of tie-beams.

The roof boarding, consisting of thin wooden 
planks, is nailed directly on the sets of closer raft-
ers; each plank is nailed leaving 5…8 centimeters 
between them.

The results of this elements ensemble is a spatial 
system working in three dimensions (Fig. 11).

4 CONCLUSION

Traditional roof structures are load-bearing struc-
tures made of timber according to an heuristic 
and intuitive design, without structural engineer-
ing theory support. The need of frequent mainte-
nance that often amounted to replacing members 
and parts or, in some cases, the entire structural 
system, underlined the idea of temporariness of 
this structural part of the building. Furthermore, 
in many cases, the misunderstanding of their struc-
tural behavior leads to erroneous interventions.

As mentioned in the current Italian national 
design code (NTC, 2008), original timber roofs 
are usually more compatible in terms of stiffness 
and mass with the traditional bearing masonry 
walls. Moreover, it indicates that the interventions 
should preserve the original conceptual structural 
design when it is statically probed.

Consequently, the importance to preserve these 
timber structures is clearly understandable since 
otherwise, exceptional structural systems belong-
ing usually to traditional building techniques risk 
to be lost forever.

Moreover, due to the influence of several issues 
not considered in the original design, like ageing, 
load history, biological decay, etc., the usual pro-
cedure of design for new timber structures cannot 
be directly applied in the safety evaluation of the 
existing timber structures.

The on-going research takes into account differ-
ent case studies of historic wooden structures in 
the S-W of the Balkans, trying to determine their 
typology, their common failure mechanisms and 
their structural behavior relating to the building on 
which they stand on.

The goal is to reach and propose a possible reli-
able analytical method that allows experts and pro-
fessionals to assess the real state of conservation of 
an existing timber structure„suitable not only for 
the Balkan roof typology of course, but also for a 
wider range of historic timber structures. So, fur-
ther studies on other roof structures have to be led 
during the research, taking into account the roof 

typology and all the data acquirable during the 
in situ survey and diagnostic campaign. The clear 
benefit that can be attained by combining geomet-
rical and technological information of the timber 
members with data acquired from visual strength 
grading and from non-destructive diagnostic tech-
niques (Saporiti Machado et al. 2011) has to be 
defined through reliable further applications of 
new approaches to the assessment of the state of 
conservation of ancient timber structures.

5 NOTE

The paper is part of the on-going PhD research 
about Preservation of ancient timber roof structures 
at the Politecnico of Milano, DAStU Department 
of Architecture and Urban Studies.
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Solar radiation influence on pre-modern openings features: 
La Coruña and Valletta
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ABSTRACT: Solar radiation, the principle life-generating energy on Earth, has always marked the evo-
lution of every human activity, house-building included. Effectively pre-mordern architecture, primarily 
based on ecological rationality, rarely betrays the environment-based logic because otherwise it would 
lead to internal comfort problems. However, different conditions of solar radiation don•t always lead to 
different architecture types. With these hypotheses set, it is possible to describe a range of solar radiation 
coherent and incoherent solutions. This article examines two cases of a larger study: La Coruña (Spain) 
presenting a coherent solution and Valletta, presenting an incoherent one. Even if  these cities are in 
completely different environments and solar radiation conditions, they share a common type of opening: 
the wooden closed balcony with glass frames. In both cities the endless repetition of this element marks 
so deeply the streetscape that La Coruña is known as the Crystal City and in Malta oriels are considered 
fundamental elements of cultural heritage.

penetration of winter sun rays, more tangent to the 
Earth•s surface and providers of a lower amount 
of solar radiation. For this reason windows tend to 
•slide upŽ in order to capture the largest amount of 
solar rays during winter time. Windows get bigger, 
mainly increasing the vertical dimension upwards 
and keeping the sill, the bottom portion, opaque 
because, while not capturing additional solar energy, 
the still would represent only a heat loosing surface. 
The lack of the need of shading impulses neither 
the construction of external roofing nor the creation 
of balconies, the use of which would be reduced to 
few months a year. In addition, in order to permit 
a larger view on the street and meanwhile to collect 
bigger quantities of sunlight, traditional architecture 
of northern Europe employed closed jutting ele-
ments with crystal frames: bow windows, in English 
tradition or Erker in German tradition are some of 
them (Fig. 1A).

From an opposite position, traditional archi-
tecture of Southern Europe adapted its features 
to reduce the penetration of sunlight inside the 
dwelling especially in summer when the sun, higher 
in the sky, reaches the maximum values of radia-
tion. Openings in Southern Europe tend to •slide 
downŽ, limiting the height to a balanced dimen-
sion that at the same time excludes summer rays 
without reducing the penetration of winter rays.

The •sliding-downŽ tendency stretches the 
opening down to the floor and creates the need 
for setting a protection border, a parapet, whose 
evolution is the balcony. In order to maximise the 

1 INTRODUCTION: SOLAR RADIATION 
AS A DETERMINANT OF PRE-
MONDERN BALCONIES ACROSS 
EUROPE

Solar radiation is a complex climatological value 
whose variation depends on latitude, altitude, time 
of day and season of the year, and is certainly an 
interesting analysing point of view to explain the 
trend of balconies usage in European pre-modern 
architecture.

In general, the amount of radiation is a function 
of the angle between the solar ray direction and the 
normal direction to the Earth•s surface. The maxi-
mum value is reached when the ray is perpendicular 
to Earth. This means that the maximum solar radia-
tion is concentrated in the Equatorial zone, where it is 
approximately constant throughout the year, while it 
decreases alternately in the Temperate Zones where, 
according to this variation, four annual seasons are 
perceived. In addition, radiation loses power passing 
through the Earth•s atmosphere, so that its value is 
directly proportional to the altitude of a location.

The European continent is located in the Boreal 
Warm Strip, included between the Tropic of 
Cancer and the Arctic Circle. While in Northern 
Europe the annual average radiation is reduced, 
in the territories of the Mediterranean basin it is 
more abundant, increasing towards the southern 
shores of the Mediterranean Sea.

In Northern European territories traditional archi-
tecture adapted its features in order to maximise the 
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shading of the dwelling, external obstructions 
can be added: a cantilever roof or other models 
of roofing supported by the banister lead to the 
roofed balcony type (Fig. 1B).

The •sliding downŽ tendency is carried to the 
extreme where solar irradiation is maximised as 
in the southern shores of the Mediterranean Sea 
and in the territories of the Arabian Peninsula. In 
these regions windows not only slide down but try 
to completely exclude solar irradiation becoming 
something semantically different from northern 
openings. Hassan Fathy says that openings gener-
ally serve three functions: penetration of direct and 
indirect sunlight, ventilation and creation of a view 
of the outside. Nevertheless in warmer climates 
the combination of the three functions in a single 
architectural solution was not quite convenient, so 
that, as time went by, the view on the outside was 
sacrificed. The renunciation of this function per-
mitted the evolution of different types of openings 
in the façade, usually called •shielded openingsŽ: 
the Indian jali , or Arabian mashrabiyya and roshan 
(Fig. 1C) are some of them.

With these hypotheses set, it is possible to 
describe a range of solar radiation coherent solu-
tions. This article takes in consideration two cases 
of a larger study, presenting one coherent solution, 
La Coruña, and an incoherent one, La Valletta. 
Even if  these two cities are located in completely 
different environments and solar radiation condi-
tions, they share a common type of opening: the 
wooden closed balcony with glass frames. In both 
cities the endless repetition of this element marks 
so deeply the streetscape that La Coruña is well-
known as the Chrystal City, and in Malta oriels 
are considered fundamental elements of cultural 

heritage. This article aims to present the histori-
cal development of the wooden closed balcony in 
these two cities analysing the consistency of the 
solar radiation influence in pre-modern architec-
ture design.

2 THE GALERÍA OF LA CORUÑA

Enrique Vedia and Goossens described the location 
of the city of A Coruña in 1845 as a place where 
•[...] no mountain shelters North or Northeast 
winds which are usually dry and cold, rarely wet; 
and extremely rare, stormy. By contrast the South, 
Southwest and North [winds], comes accompanied 
by humidity and less cold dominate much in win-
ter, with heavy rains and strong temporary [...]Ž

Facing a peculiar climate condition, derived from 
the lack of protection against the Atlantic winds 
and the reduced solar radiation compared to aver-
age of the Iberian Peninsula, the traditional Galician 
architecture developed many protection solutions 
(Mendez 2012). The latest solution integrated by 
pre-modern architecture was the galería, which 
arose in the city of La Coruña at the end of the 
18th century, from where it spread throughout the 
region of Galicia during the 19th century thanks to 
the new Galician production of windowpanes that 
reduced the previous importation from Germany 
and considerably cut the price of glass panels.

The origin of the galería is quite controversial. 
Several authors support the theory of galería•s 
birth as an evolution of solana: an elevated exte-
rior entrance space of rural dwellings accessible 
through a short ramp of stairs with the purpose 
of lifting the entrance door from the ground (Lima 

Figure 1. Solar radiation and balcony types (Privitera).
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2013). According to this theory, once the space of 
the solana was enclosed with glass, the direct ante-
cedent of the galería was created. Nevertheless, 
solanas, commonly used in the Cantabrian region, 
are specific of rural areas while galerías have a 
strong urban charcter. The first ones are a transi-
tion element whose central function is allowing the 
entrance to the building from the outside whereas 
the second ones are internal points of observation 
on the street and the landscape, sharing more affin-
ities with balconies than with solanas. Therefore it 
seems more appropriate the vision of Fernández 
Madrid, who relates the origin of galarias with the 
shipbuilding tradition in Ferrol and La Coruña: 
stern galleries of vessels generated a formal model 
that once adapted to terrestrial architecture would 
have docked to balcony creating a new type.

Galerías rapidly replaced the pre-existing form 
of balcony protection: the wooden jealousy, com-
monly used also in other areas of Spain, and called 
confesionarios, the confessional, in Galicia. Jeal-
ousy•s main function is to permit the ventilation 
and to shade most sunrays; however, as these are 
not the needs of La Coruña dwellings, it had been 
used as a weak barrier against Atlantic winds. This 
framework obscured the interior of the dwellings 
so that when glass technology used in galarias 
offered a solution truly coherent with the Galician 
environment, it spread easily all over Galicia.

Documentary traces of the replacement process 
are kept in the records of the Police Board of La 
Coruña. During the Enlightenment, local adminis-
tration harshly attacked the jealousy balconies, and 
promoted laws to avoid the construction of such 
poor and unsightly elements. But when the Munici-
pality tried to equate galarías with confesionarios, in 
order to destroy every jutting element in the street-
scape, neighbours rose up against this resolution. A 
few days later the galaría was not only pardoned, 
but it was allowed to replace every jealousy balcony 
when the street width permitted it.

Indeed, the bourgeois and the professional 
lobby of academic architects opposed the prolif-
eration of gallerias in the streets of La Coruña. 
In 1796, before they became widespread, galerías 
were harshly attacked by some municipal techni-
cians: •[...] these galleries had their origin in the last 
years of the last century, its invention has been more 
bad than good, due to the damages caused to the 
adjacent houses and the shortage of light caused in 
the floors where it is located [...]Ž (Sánchez 2002).

Again, until the first half of the 19th century, 
open attacks on galerías were recorded. Sánchez 
García, analysing the literature of that period, states 
that: in addition to the negative assessment of the 
use of galaerías in bourgeois housing, high class 
people and professional architects looked down on 
its popular origin, and criticised the concealment of 

the traditional architectural composition caused by 
the addition of those furnishings to the façade.

Despite the hostile cultural environment, 
galería•s spread all over the city due to the strength 
of its consistency with local climate conditions.

Against all criticisms galarías offered an optimal 
remedy against the adverse atmospheric environ-
ment of the city of La Coruña (Sánchez 2008). The 
wooden box with glass frames created a completely 
new type of sitting-room for Galician traditional 
houses: a room with natural heating during winter 
time and an enclosed space rich with natural lighting. 
The amount of air stored inside the galería markedly 
increased the housing•s acoustic insulation, but far 
more importantly, the greenhouse effect improved 
the thermal insulation of the stone walls and facili-
tated the evaporation of frequent moistures.

Due to the initial reluctance, galerías were firstly 
relegated to the rear façades of urban buildings. 
However, the gradually recognised thermal quali-
ties made galerías start taking over main façades, 
like the La Marina urban front (Fig. 2) where 
galerías were included on every floor of the main 
façade. The acceptance process, culminated with the 
organic use of galerías in new building projects by 
the second half of 19th century, had been supported 
by few defenders of these spontaneous and vulgar 
elements. One of them, the Municipal architect 
Juan of Ciórraga, achieved the first regulation on 
galarías• construction which established measures 
of height and jutting and permitted the following 
inclusion of this element in the standards for the 
expansion of La Coruña in 1876 (Garrido 1998).

Even if  it is a recent type, spread thanks to the 
industrial developments of the second half  of the 
19th century, Coruña•s galería has to be considered 
a spontaneous architectural feature used firstly by 
lower classes and not a solution imposed by an 
artistic and cultural authority like academies or 
construction professionals. The spontaneity of 
galería shows that, whenever possible at a techni-
cal level, a climatic-coherent solution will spread 
quickly and autonomously, becoming a typical 
feature of a place, only because it responds to a 

Figure 2. La Marina streetfront (Van der Ree).
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collective demand of the human community living 
in a particular location.

3 THE MALTESE GALLARJIA

Malta has no natural resources: it is poor in water, 
metals and wood for civil and naval construction. 
However, the abundance of deep and protected 
natural harbours made this little archipelago a car-
dinal point in Mediterranean trade routes from the 
ancient times until today (Mallia 2002).

The lack of primary resources and the evident 
territorial disparity forced Malta to remain for 
many centuries under the Sicilian centripetal influ-
ence, until the beginning of 19th century when 
Malta became part of the British Empire.

In order to reduce the use of imported materials, 
like wood, Maltese traditional architecture applied, 
whenever possible, vaulted systems made with the 
only abundant construction material found in the 
islands: the globigerina limestone, a yellowish rock 
with good cutting qualities and resistance that pro-
moted the excellent sculptural and stereotomical 
skills of Maltese stonemasons.

Dwellings in Valletta, the new city-fortress 
founded in 1530 by the Order of Saint John of the 
Hospital, then called the Order of Malta, were built 
with traditional Maltese techniques even though 
the Italian Renaissance was clearly influencing the 
design of the exterior shape and the plan design of 
the most important palaces of the city (De Giorgo 
1986).

Noble palaces built in the last quarter of the 16th 
century presented characteristic balconies in an 
angular position that, due to the hill shape topog-
raphy of the city, could command the sight of the 
magnificent Valletta harbour. An example of this 
kind of balconies can be found in the façade of the 
La Salle•s Palace (Mahoney 1998). The supporting 
structure of the balcony (Fig. 3) consists of deco-
rated corbels with classical motifs that support the 
floor composed of a subtle stone slab. Above this 
structure, the balcony is protected by a thin tim-
ber roof, resting in the wall and on cast iron posts 
joined to the railing. From the perimeter of the roof 
hangs a long wooden border, which, not only con-
fers a decorative detail, but also increases the angle 
of shadow projected in the inside. This balcony is 
consistently inserted in the solar radiation logic 
previously exposed. Since the high degree of solar 
radiation present in Valletta, the climate should lead 
to building opened and roofed balconies in order to 
maximise shading and ventilation (Fig. 1B).

Nevertheless, the case of Valletta was chosen to 
study another type of balcony that arose in the sec-
ond half  of the18th century in palace architecture 
and virally spread, during the19th century, to most 
urban dwellings of the city: the gallerija.

The most famous gallarijas in Valletta are the 
twin structures built, in the late 18th century, on 
the façade of Grand Master of the Order•s Palace 
(Fig. 4). This building, originally brief and modest 
due to the design of the Maltese architect Gero-
lamo Cassar, was deeply transformed to achieve 
the decorum needed by the Government Palace 

Figure 3. La Salle Palace. Angular balcony (Privitera).
Figure 4. Gran Master Palace. Balcony detail 
(Privitera).
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shape and lateral lobes, a detail that confirms the 
baroque nature of the composition.

This balcony represents a climatic inconsistency 
because its glazed panels make it similar to the 
Northern model (Fig. 1A) described in the previ-
ous chapter while the environment and specifically 
the solar radiation values of its location, Malta, 
are radically different from Galicians.

Analysing an historical photograph of Gran 
Master Palace at the beginning of the 20th century, 
it is possible to establish the relative newness of this 
typological inconsistency (Due to copyright reason 
the authors are not allowed to publish the cited 
photo. It can be visualized at https://www.flickr.
com/photos/ 51841741@N07/4814717943/in/set-
7215762447129 1052). The glass panels, that let in 
the sunlight and block out the natural ventilation, 
were recently inserted in the shutters of this galler-
ija replacing the solar radiation coherent wooden 
blinds, which ensured both ventilation and shad-
ing. Indeed, the central shutter of these wooden 
blinds having an awning opening was more useful 
when it had a louvered framework that, even when 
opened, kept its shading function.

Finally, the top panel, which was louvered, for 
its mean position would facilitate the creation of 
a warm air outgoing flow. The early 20th century 
photo shows that the actual composition is now 
very different from the original appearance. For-
merly, a wooden box with a shading structure, 
impenetrable to the view from the outside, would 
function as a cool air collector and would be 
inserted consistently into the South Mediterranean 
openings typology (Fig. 1C).

In Merchants Street No. 174 (Fig. 5) there is an 
example of a closed balcony still presenting the 
original appearance with louvered shutters, similar 

during the Order•s Period. The biggest transforma-
tion, in 1741, required by Grand Master Manoel 
Pinto de Fonseca, changed the essence of the Pal-
ace, as well as the main façade that was adorned 
with two baroque portals and, a few years later, 
with two large corner balconies.

These balconies are supported by richly carved 
corbels, which are the expression of a true Baroque 
composition. Irreverently using the lexicon of the 
Renaissance experience, the Baroque composition 
creates a less rigid and more fanciful language.

In particular, the volutes of the corbel turn 
into large spirals contained by stony corsets, cov-
ering an ancient acanthus leaf. These corbels are 
repeated along the whole length of the balcony, up 
to the corner section, where the penultimate one of 
each side, slightly rotates to increase the resistance 
of the angular cantilever. The mastery of Maltese 
masons is clearly demonstrated by the creation of 
these twin corbels asymmetrically twisted deform-
ing the corset and conferring an instant mobility 
and a textile tension to the whole stonework. The 
principal corner corbel, on the other hand, has an 
anthropomorphic decoration that emerges from a 
Faun head inserted in a rose garland. In the can-
tilever section two human figures appear: a naked 
woman carrying on her back a well-dressed child-
ish figure sticking out his tongue.

A part from the corbels the rest of the balcony is 
made of wood, even though the chromatic treatment 
tends to mask it. As already mentioned, the island 
of Malta is not rich in wood; therefore this closed 
balcony made of imported timber revealed the out-
standing role of this Palace in the Capital City.

The wooden box front is divided into three parts. 
The lowest part presents arch shaped panels whose 
rhythm lightens the perception of this compact 
and opaque strip. On top of it, there are two glass 
shutter•s lines. The largest is an awning one, while 
the one at the top is a fixed panel with an oblong 

Figure 5. Merchants Street n.174 (Privitera). Figure 6. Streetscape of Valletta (Privitera).
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to the formerly installed in the balconies of Grand 
Master•s Palace. Analysing the rest of the woodwork 
on the façade, the analogy between the blinds of the 
balconies and windows ones can be clearly seen.

Nevertheless, the model that spread to all build-
ings in the 19th century was the glass framed one 
that has occupied almost every balcony in Valletta 
becoming a typical element of the Maltese archi-
tectural identity (Fig. 6).

In order to follow the proposed theory a heu-
ristic analytical process is necessary to justify the 
massive use of a solar radiation incoherent model. 
In other words, an external agent that permits the 
exception to the rule should be found, since theo-
retically Malta is located in an area where pre-
modern architecture should primarily seek internal 
comfort against hot climate conditions by shading 
sunrays and permit natural ventilation.

At first, technical development in glass indus-
trial production and the ensuing lower price of the 
material must have played a role in the spread of 
the glazed model in low class dwellings, as it was 
for the Galician case. On the other hand, the new 
situation of Malta as part of the British trade mar-
ket during the 19th century must have lowered the 
price of imported wood, making it affordable to 
most of the population. Even though those facts 
could have facilitated the diffusion, they cannot be 
considered enough to justify the breaking of a cli-
matic rule in pre-modern architecture.

The true active agent has to be found in the 
microclimate condition of Maltese traditional 
architecture, where the primary construction mate-
rial is globigerina limestone that, apart from excel-
lent cutting qualities, presents very bad hygrostatic 
properties (Mahoney 1988).

The structure of Maltese houses, supported by 
a vaulted system in globigerina, presents big wall 
sections and creates an almost continuous stone 
husk. Because of its great porosity the globegerina 
transforms the Maltese house into a huge jug, sub-
jected to the evaporative cooler effect that, moving 
atmospheric humidity, absorbs internal heat and 
lets it slip away during the winter, whilst in sum-
mer it keeps it inside.

For this reason Mahoney points out that in 
Malta housing needs internal heating as in northern 
countries, even though it seems illogical to foreign-
ers. He also states that comfort temperature can be 
recovered by keeping windows opened, although, 
for the described physical effect, any form of heat 
will still be dispersed outside. In order to face this 
odd circumstance traditional Maltese architecture 
has evolved to counteract the loss of thermal energy 
through its walls that, despite the latitude, convert 
winter in the harshest climatological condition.

The gallarjia, thanks to the greenhouse effect cre-
ated inside it, guarantees Maltese pre-modern archi-
tecture a free and constant heating supply, most 
considerable in a country with no vegetable or min-
eral resources.

Obviously in the summer, glazed gallarijas turn 
into not pleasurable places, because although all 
shutters can be opened, there is no barrier to sun-
rays. For this reason internal blinding solutions, like 
venetian blinds or curtains, are commonly used.

4 CONCLUSIONS

The great climatological consistency of pre-mod-
ern architecture allows interesting interpretations 
about its evolution. Solar radiation can be used 
as a framework to investigate apparently illogi-
cal cases, subjected to covered agents, which have 
to ultimately respond to the relationship between 
humans and the environment that supports the 
presence of traditional architecture features.
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ABSTRACT: Most of the policies for improving the energy efficiency of existing buildings are based 
on the reduction of energy demand. This usually means the replacement of the original windows and the 
addition of thermal insulation in the facades and roofs. These measures generate conflicts in the vernacu-
lar architecture, because they can modify the artistic-compositive value of its facades, or cause the loss of 
the passive energy performances of their constructive elements. This article aims to place value on passive 
conditioning systems of vernacular architecture, allocated in the •urbanŽ expansions from 19th and early 
20th century, specifically, in Russafa neighborhood in Valencia, because they are a source of sustainability 
knowledge in the territory. The final objective is to analyze the management, carried out by the users, of 
these traditional systems, in order to recuperate them as the main strategy for sustainable refurbishment.

bourhood was taken away by the growth and 
consolidation of Valencia•s expansion. The urban 
growth was decontextualized. The urban ordinance 
required all buildings to have at least ground and 
two floors, so these regulations technically left the 
historical core out of the law.

A quick view at the plan (Fig. 1) lets us distin-
guish easily between two zones: the centre which 
shows the historical settlement, with irregular weave. 
The second zone shows the extensive expansion of 
orthogonal weave formed mainly by central court-
yard blocks. The laws in 1884 bounded to set free 

1 URBAN CONTEXT AND CURRENT 
SITUATION OF THE RUSSAFA•S 
NEIGHBOURHOOD

There are a lot of examples about Urban Regenera-
tion, but the Russafa•s case (Fig. 1) show us special 
features we•ve never found in another places. The 
main difference we find is the Russafa•s historical 
core absorption by a city as important as Valencia.

1.1 Urban evolution

Russafa means (arab meaning) Palm tree garden, 
showing its Islamic origin. Firstly, Russafa was 
a scape house in the country next to Valencia 
(9thcentury) and then, a muslin Alquería, which 
we only conserve its name. In the Christian period 
Russafa became a suburb of the city. In the mid-
dle of 18th century, Russafa had defined streets 
and a parish church in front of market square. In 
1811 Russafa was set up as an independent town. 
In 1865, the Valencia•s Wall was torn down and 
the city started an expansion process towards the 
South, where it would absorb the old core of Rus-
safa. In 1877 Russafa was annexed to Valencia and 
it was included in the expansion program.

Unless the intention was to preserve the his-
torical core of Russafa, the identity of the neigh-

Figure 1. Consolidation level of the Russafa neighbour-
hood in 1950 (Jiménez Alcañiz 2013 p.147, 216).
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25% of block area. The formation program for the 
expansion of the City of Valencia in 1883, was added 
to the Special municipal laws for the City•s Expan-
sion and contained to the project of the Architects 
José Calvo, Luis Ferreres, y Joaquín María Arnau. 
This Law was passed by the Real Law of 11 of July 
in 1887 (Taberner Pastor, F. 1984: 200…220).

2 ARCHITECTURAL TYPOLOGY

The evolution of the building typology went 
from rural and farm houses before the expansion, 
through the start of renting and neighbouring 
houses during the period 1887…1940, to finalize 
with the current residential typology derived from 
modern movement at the beginning of 1940.

The 75% of the neighbourhood was consolidated 
from 1877 to the first third of the 20th century. In 
addition 75% of the neighbourhood was built with 
wall charged and the other 25% was made with rein-
forced concrete structure. This will be essential when 
is proposed solutions in the energy rehabilitation of 
buildings (Serrano Lanzarote, B. 2011 pp. 90…150). 
In the first case, the walls are structural masonry wall 
and therefore of great mass and thickness. Then, 
the structure is concrete frames, the facade loses its 
structural role and will be much lighter and thin).

Today we can find some rests of traditional farm 
houses (Fig. 2), typical of these old rural cores. It 
is difficult to find buildings from the beginning of 
the Valencia Expansion, except for a few houses 
which have been adapted due to law exigencies.

2.1 Residential park status before the intervention

The neighbourhood started to fall into crisis in the 
80•s because of the progressive deterioration of its 
buildings and the increasing number of immigrant 
population with low purchasing power. The aver-
age age of the buildings is around 60 years and 

its preservation state is regular-good. The 15% of 
the buildings are in tumbledown state (Jiménez 
Alcañiz, C., López Silgo, L. 2007).

The problems in the commercial and residential 
field are caused by bad conditions in the buildings 
of the neighbourhood•s central zone (ruins, archi-
tectural barrier, etc.) There are a lot of flats used as 
hostels. They are precariously divided into rooms, 
where a family of immigrant population live in, 
under conditions of overcrowding.

The urban degradation process resulted, as 
a consequence, in the low property prices. The 
ground floors were occupied by ethnic businesses 
and the old courtyards were used for trading activ-
ities which therefore converted the neighbourhood 
in a real industrial area.

3 RIVA PLAN FOR RUSSAFA

The previous experience from RIVA program in 
Ciutat Vella, 1992, will be exported to Russafa 
(Jiménez Alcañiz, C., López Silgo, L. 2007) with 
some differences: The recovery of internal court-
yards, the elimination of the railways and the 
creation of the Central Park. The aim is to con-
vert Russafa in a greener, more sustainable and 
healthier neighbourhood. The program consists 
of some interventional lines to improve the urban 
image, encourage residential rehabilitation and 
crate awareness in the residents.

The first line of the program intends to re-order 
the volume of the buildings in the neighbourhood, 
the internal courtyard of the blocks, and to reno-
vate the public space. Currently The Special Pro-
gram of environmental improvement is focused in 
five blocks strategically located and it will result 
in the improvement of the environmental quality, 
the continuity of the green space, the bioclimatic 
behaviour, the energy saving, the implementations 
of renewable energy and the reduction of noise. 
These actions have allowed the reactivation of the 
area through the induced effect of public and pri-
vate investments in the residential and commercial 
area.

The second line is focused in the residential reha-
bilitation, with the energy improvement as main 
objective. Russafa is declared ARI (ARI-RUS-
SAFA. On 16-12-08, the Generalitat Valenciana 
said Agreed Area of Integrated Rehabilitation of 
the District of Russafa, whose scope matches the 
Special Interior Reform Plan PEP-2 Valencia. This 
implies the recognition of protected actions as well 
as access to grants from the Generalitat Valenciana 
and the Housing Plan in force for the rehabilitation 
of buildings) to get it. In 2012, more than 1180 
homes had started the rehabilitation, more than 
expected by the program.

Figure 2. Farm houses. Calle Canals 12 y 14 (1919) 
(Jimenez Alcañiz. C., Op.cit.).
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The third and last line consist of raising aware-
ness in the citizenship in order to inform, educate 
and involve the residents as active agents in the 
rehabilitation process.

3.1 The early 20th century buildings of Russafa 
expansion

The main characteristic of the early twentieth cen-
tury buildings of Ruzafa is their adaptation to exter-
nal environmental conditions, the type of internal 
activity and the existing building technology (Cuchí 
Burgos, A. 2005: 66…67). The comfort in the indoor 
environment was controlled by the users, and it was 
different between buildings in the same street and 
even between flats in the same building. There are a 

lot of possibilities depending on many parameters, 
the orientation, the position of the buildings in the 
city, the location of the rooms inside the building, 
the features of the windows, the activity and even 
the clothing of users (Serra Florensa, R. & Coch 
Roura, H. 1995: 158…159).

The energy demand in these buildings (Fig. 3) is 
resolved through passive systems which don•t need 
any energy contribution to condition the hous-
ing. The building is an energy modulation system 
between the person and the external environment. 
The traditional systems are used to reach the nec-
essary comfort level and do not require the use of 
energy, because they depend on external condi-
tions and the needs of users (Neila González, J. 
2004: 285…241). Residents of these buildings have 
an active role to evaluate the comfort level of their 
homes and to adapt it using traditional mecha-
nisms. The positive effects of this traditional culture 
are the control of the buildings by the users and 
therefore the reduction in energy consumption.

The historic district of Russafa still preserves 
in their buildings the old techniques used to maxi-
mize the sun, shade, wind, etc. (Fig. 4). These 
systems are typical of Mediterranean culture and 
there are a variety of habits and popular wisdom 
associated with the management of each building 
components. All this culture to control the external 
conditions to adapt them to the domestic needs is 
part of the intangible cultural heritage of historic 
districts like Russafa.

4 THE USER MANAGEMENT OVER THE 
WINDOWS AS THE MAIN STRATEGY 
OF PASSIVE CONDITIONING

Some systems for passive conditioning have been 
identified in the buildings analysed in Russafa 
neighbourhood. These systems are, integrated by 
architectural elements which help to improve the 
apparent temperature and correct uncomfortable 
environmental situations.Figure 3. Building in Calle Sueca, 25 (Jimenez 

Alcañiz. C.).

Table 1. Using criteria for wooden roller blinds for protection against solar radiation and heating transmission.
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The passive systems are put, depending on 
their goal, into two groups cooling mechanisms 
for summer and heating mechanisms for winter. 
The Table 1 summarizes the strategy and elements 
characteristics of every mechanism and the user 
criteria to put them into practice.

The blinds found in Russafa buildings are mostly 
of the rolling type and made of wood, therefore they 
have low conductivity and thermal inertia. These 
blinds consist of a group of little slats linked to each 
other, which can be mobile and practicable (Fig. 4).

The use of the blinds is proposed when the fol-
lowing situations come together at the same time: 
Comfort periods with 10% or 20% of people unsat-
isfied by the heat, over„heating periods and when 
the radiation enters throw the window. Taking into 
account all possible situations along the daily sched-
ule we will know when is the best moment to use the 
blinds depending on the time and orientation. The 
Table 2 contains an example of East Orientation. 
Even though the study has been developed for every 
month of the year and each orientation.

4.1 Criteria for the use of window openings as a 
mechanism of heat transfer

In a warm climate as Valencia, the reduction of high 
temperatures in the analysed buildings is achieved by 
using a ventilation system (Yáñez Parareda, G. 2008: 
147…148), which produces cooling effects throw 
heat transfer between overheated interior air and 
fresh exterior air (night-time ventilation). Another 

Figure 4. Traditional systems: Blinds, windows, and cur-
tains in Russafa neighbourhood (Puig Tarín, I. 2012).

Table 2. Program of the use of blinds in July for East orientation, taking into account direct solar radiation and 
percentages of unsatisfied people (Puig Tarín, I. 2012).

The passive systems are as important as the user 
actions. The correct and efficient management of 
both will lead to the achievement of  good thermal 
conditions with low energy consumption. These 
best practices still persist in Russafa•s neighbour-
hood as a way to condition their homes, despite 
the increasing number of  conditioning machines 
and the progressive given up of  their efficient 
habits.

Table 3. Program for window openings in July as a consequence of the intersection between hours with 80% of rela-
tive humidity and 10% to 20% of unsatisfied people (Puig Tarín, I. 2012).
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cooling effect is to facilitate the sweat evaporation 
through higher air speed. The higher the speed, the 
fresher the cooling sensation because of the increase 
of sweating (The sensation is reduced 1ºC for every 
increase in speed of 0.2 m/sec).

It was possible to define a program to cool 
down the homes through window openings. This 
will happen when the following comfort periods 
come together, 10% to 20% of unsatisfied people 
because of the heat action and no over-humidity, 
and 20% unsatisfied by heat.

If these situations came together considering the 
climatic conditions we can know the program about 
the window opening in every hour per day (Table 3).

4.2 Criteria for the use of curtains to keep 
the heat

The solar gain throw the glass is based on the green-
house effect. A big quantity of solar radiation is 
absorbed by opaque materials. The energy emitted 
by these is long waved and it cannot go through the 
glass. The curtain is an element which stops com-
pletely or partially the solar radiation and converts 
the light coming through it in diffuse one.

According to the study realized, we understand 
the use of the curtains in every hour of the day 
from November to March because the temperature 
doesn•t reach comfort levels. In the cool months 
the functions on the curtains is keeping inside the 
home by increasing the window resistance. The 
rest of the months, the necessity of using curtains 

is reduced due to the increase of the heat. In the 
warmest months, as June, July and August there is 
no need for the use of curtains at all. As showed in 
the Table 4, the greenhouse effect is achieved with 
the curtains in a few moments of the day because 
the home doesn•t receive enough radiation.

4.3 Criteria for the use of shutters to keep the heat

The shutters are a surface element made of materi-
als opaque to the light and they can be added to 
the window to close it completely.

The shutters are used when the temperatures 
are lower than 19.8 and there is no daily lighting. 
During the night they are always used. Under these 
premises from November to March the shutters 
will be closed after sunset, because in this situation 
the temperature doesn•t reach the comfort level 
and the home needs to keep interior temperatures. 
However, in July and August they are not used at 
any time of the day because the objective then is to 
dissipate the heat instead of keeping it. The shut-
ters are not used in summer in order to avoid the 
overheating. This proposal is showed Table 5.

4.4 Concomitance between mechanism of 
conditioning in summer and winter

Overlapping the use of the different elements which 
are used in the cooling and heating strategies dur-
ing a day and for every month of the year, allows 
us to see the correlation between all of them and 

Table 4. Schedule of the use of curtains in April for every orientation (Puig Tarín, I. 2012).

Table 5. Schedule of the shutters in April (Puig Tarín, I. 2012).
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the motives and criteria for choosing ones over the 
others. (The Table 6 is an example in July).

5 MAIN CONCLUSIONS

The public investment is a vital tool in the urban 
regeneration process of the degraded neighbourhood 
to encourage the private investment in the architec-
tural rehabilitation. The building typology in Russafa 
neighbourhood is the latest example of architecture 
respectful with the place where is located because of 
the completely knowledge of the environment applied 
to conditioning the inside of the homes.

The study has identified the elements of passive 
conditioning systems used in preindustrial build-
ings. Through the usage of these systems the users 
can achieve good thermal comfort and reduce the 
dependence from conditioning machines.

The good practices are disappearing because 
the users do not spend enough time at home to 
apply them in a continuing basis (Vegas López-
Manzanares, F & Mileto, C. 2012: 10…45). There-
fore, more and more users need air conditioning 
systems. These machines cause the inappropriate 
presence in the traditional architecture and the 
gradual disappearance of traditional systems.

The study about the criteria of the use and the 
schedule gives important information to manage 
these traditional conditioning systems. Therefore 
our proposal to improve in the energy efficiency at 
the historical high value buildings takes into account 
the activities that are carried out by the user. This will 
lead to the recovery of traditional systems and their 
adaptation to the current energy needs of users.
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ABSTRACT: The high thermal gradient, which is characteristic of the climatology of La Mancha (inte-
rior region of Spain) has historically required high standard building performances for all permanent 
construction efforts. This document springs from the sources gathered from the analysis of 10 vernacular 
dwelling structures located in the region, buildings whose constructive characteristics have not evidently 
changed in the last century and whose fundamental function is residential. Within this framework, authors 
have proceeded to identify some constituent components and parameters of these dwelling structures, like 
their storage chambers, the thickness of their walls, the quantity and dimensions of their openings, their 
distribution and their surface to volume ratio. Of the energy analysis conducted, authors conclude that 
the constructive characteristics analyzed are not only folkloric singularities but also the efficient reply to 
the energy criteria imposed for the time and place.

continuous sedimentation of influences of dif-
ferent origin and provenance. With a common 
denominator: the efficiency and functionality of 
the resources employed. (Jérez, 2004) Thus, when 
looking at these constructions we can distinguish 
echoes of different cultural contexts. The possible 
heritage of Roman architecture is suggested by the 
presence of inner courtyards. Berber culture can 
potentially be noticed in the use of indigo in base-

1 INTRODUCTION

La Mancha region constitutes a large part of the 
Iberian Peninsula, extending for approximately 
35,000 sq. km. Its elevation varies from 200 m at the 
border with Portugal•s Alentejo region, to 800 m in 
the Albacete area. Despite the geographical, climatic 
and cultural differences, this large Iberian plateau 
displays common basic features (Feduchi, 1976).

Multiple historical, cultural, geographical and 
climatic factors and determinants have been iden-
tified in this vast area of study.

La Mancha•s vernacular architecture has 
reflected and at times played a leading role in this 
dynamic synergy. For this reason, it has always 
aroused a deep interest in different authors, both 
literary writers as well as traditional architecture 
specialists. This continued attention towards the 
intrinsic values of La Mancha•s traditional archi-
tecture has persisted (Fig. 1), despite its apparent 
simplicity or lack of decorative or monumental 
references (Fisac, 1985).

1.1 Background of La Mancha•s vernacular 
architecture

Among these constructions is the typical La 
Mancha•s dwelling, both place of residence and 
storage for tools and crops. (Serrano, 2006) 
These humble buildings are the end result of a 

Figure 1. Vernacular architecture of La Mancha, 1960 
(Centro de Estudio CLM).
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boards and openings. La Mancha•s architecture is 
steeped in influences, sediments, layers and sub-
strates that are often difficult to identify, or even 
detect. In any case, behind this apparent simplicity 
of construction lie aspects always related to energy 
efficiency and, ultimately, to an extreme function-
alism (Fig. 2). In this sense, the present paper tries 
to unravel some of the resources related to the 
reduction of energy consumption that have been 
employed in these constructions, concerning three 
factors, specifically: natural ventilation, thermal 
inertia and reduction of openings (Serna, 1985).

To carry out the necessary research, we have 
chosen the easternmost part of La Mancha (prov-
inces of Albacete and Cuenca), where most tradi-
tional buildings are preserved today. The study is 
focused on ten vernacular constructions located in 
the municipalities of Cenizate, Casas de J. Nuñez, 
Ledaña, Madrigueras, Mahora, Motilleja and 
Navas de Jorqueras.

2 PASSIVE ENERGY RESOURCES IN 
VERNACULAR ARCHITECTURE

2.1 Climatic conditions of La Mancha region

There are numerous passive strategies for reducing 
energy consumption in La Mancha•s vernacular 
architecture. Specifically, the research discussed 
below proposes the parameterization and analysis 
of three basic strategies of La Mancha•s construc-
tions: the presence of an upper attic chamber with 
natural ventilation (known as camara), the great 
thickness of the walls built with the rammed earth 
or masonry techniques, and the reduced wall/open-
ing ratio of the envelope (Neila, 2002).

To that end, first we discuss the climatic con-
ditions where this architecture can be found. In 
the climate of La Mancha, the months from late 
fall to early spring (November-March period) are 
characterized by extremes of rather low tempera-
tures and high relative humidities. There are also 

two periods of thermal comfort (April…May and 
October), and a third period (June to September) 
with high temperatures and low relative humidity. 
With this data, combined with the study of psy-
chometric charts (Givoni, 1998) applied to the 
specific case of La Mancha, it has been possible 
to establish a range of thermohygrometric com-
fort (20°C…26°C and 20%…80% RH). It really is 
an interesting parameter, favoured by a series of 
bioclimatic construction strategies such as natural 
ventilation, the presence of envelopes with high 
thermal inertia, and the reduction of openings in 
the envelope (Yáñez, 1988).

2.2 Data collection and analysis

After determining the climatic characteristics of 
the area, we proceed to a rigorous data collection 
through a previously drafted template for detailing 
various construction and bioclimatic parameters. 
Thanks to this data collection stage, we can sys-
tematically specify the structural characteristics 
(details, dimensions, volumetry, Fig. 3) as well as 
possible contextual information (territorial and 
municipal data, Fig. 4) on the ten case studies. The 
templates also include a photographic dossier and 
a photogrammetric restitution of the elevations, to 
facilitate the graphic and metric characterization 
of the analyzed building.This is, in any case, a first 
sampling designed to establish a method and detect 
performance and efficiency dynamics of some of 
the three construction strategies indicated.

The analysis was conducted using the CE3X 
tool (Fig. 5), a software application approved by 
the Spanish Ministry of Industry, Energy and 
Tourism for retrieving the energy certification of 
an existing building. (IDAE, 2012) After selecting 
the tool used in the analysis we proceed to enter 
data relating to ventilation, envelope and solar fac-
tor. This way the program generates results linked 
to global CO2 emissions.

The presence of the chamber, the high inertia of 
the walls, and the use of small size openings were 
evaluated in the 10 models corresponding to the 
original buildings, and later some of the param-
eters of these models (chamber height, wall thick-
ness, wall/opening ratio) have been compared and 
modified to assess the real effectiveness of tradi-
tional construction systems (Neila, 2002).

2.3 Results

In the natural ventilation chamber, two contrasting 
scenarios have been proposed: one where the initial 
heights of the vernacular chamber get modified, 
setting chambers 4 and 10 meters high; and on the 
other hand, a second scenario with a contempo-
rary construction solution (PUR thermal insula-

Figure 2. An example of La Mancha•s construction 
(Fisac).
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tion, chamber with average ventilation, skirting 
based on bricks and curved tiles). The purpose of 
establishing these two scenarios has been to com-
pare and contrast the energy efficiency of the ver-
nacular solution with other models (Table 1).

Similarly, we proceeded with the study of the 
wall, where different thicknesses have been consid-
ered. We compared the energy performance of the 
thickness of the original wall (60 cm) built with the 
rammed earth or masonry techniques, with others 
of different thicknesses (10, 100, 200 cm). In this 
comparison we have also used a conventional con-
temporary wall solution (two ceramic sheets plus 
thermal insulation).

As for the wall/opening ratio we established dif-
ferent analysis models. On the one hand, we car-

ried out the study of the envelope with the original 
wall/opening ratio (Figs 6…7), and on the other 
we modeled the building envelope using different 
wall/opening ratios (1 and 90%). To summarize, 
the results show that, in the case of the chamber, 
varying the height results in a negligible reduc-
tion of  global CO2 emissions from the construc-
tion, nor the use of contemporary solutions based 
on industrial thermal insulation and ceramic or 
concrete materials does substantially improve the 
situation.

Changing the thickness of the wall or the wall/
opening ratio yields similar results. Increasing the 
thickness of the wall relative to the vernacular solu-
tion results in a very modest reduction of global 
emissions of CO2 Kg CO2/m

2. The same happens 

Figure 3. Case-study example: Details and volumetry of a vernacular construction located in Madrigueras (Authors).

Figure 4. Case-study example: Territorial and municipal data of a vernacular construction located in Madrigueras 
(Authors).
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Figure 5. CE3X tool data process example (Authors).

Table 1. Two detached examples about ventilation chamber measures and proportional emissions of CO2 Kg CO2/m
2. 

Actual survey data compared with contrasting scenarios (Authors).
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when implementing a contemporary construc-
tion solution in the wall (it should also be noted 
that this involves a considerable increase of raw 
material„Table 2).

Therefore, with regard to global emissions, alter-
native models to the vernacular solution do not pro-
vide substantially improved results. With regard to 
the wall/opening ratio, an increase in the openings• 
size increases the global emissions of the construc-
tion, while reducing the openings impacts nega-
tively on the habitability of the interior spaces. In all 
cases, as seen above, the values of global emissions 
of CO2 Kg CO2/m

2 per year produced by vernacular 
solutions are much lower than those achieved after 
modifying some of the initial parameters.

3 CONCLUSIONS

The interest La Mancha•s architecture has aroused 
in different and well known authors (inter alia 
Fisac, Caro Baroja, Neila, Feduchi, Jerez García) 
and it is justified considering the intriguing results 
provided by the parameterization of some of its 
key construction features.

Figures 6 and 7. Case study in Navas de Jorquera 
(stone masonry wall) y Motilleja (rammed earth build-
ing) (Authors).

Table 2. Two detached examples about wall•s section measures and proportional emissions of CO2 Kg CO2/m
2. Actual 

survey data compared with contrasting scenarios (Authors).
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Beyond their undeniable anthropological, cul-
tural, and heritage interest, La Mancha•s vernacu-
lar constructions hold within their walls an ancient 
wisdom of environmental adaptation and assimila-
tion of influences from different cultural contexts. 
(See Tables 1 and 2 for details).

The initial validation these authors have reported, 
intuitively or qualitatively, on the resources identi-
fied in La Mancha•s dwellings (wall thickness, ori-
entation, color of the walls, size of the openings) 
has been demonstrated after a rigorous and quan-
titative analysis such as the one presented here.

Strategies such as the natural ventilation upper 
chamber present in virtually any La Mancha•s con-
struction are clearly justified when considering the 
results and comparisons indicated above.

The same applies to the choice of thickness and 
materials employed in the execution of the building 
envelope. In this case the solution used in these ver-
nacular constructions achieves an efficient energy 
performance, exceeding current conventional solu-
tions in all instances.

However, the present study must be validated, 
verified and improved by following alternative 
avenues of research, as well as increasing the 
number of constructions analyzed. The material 
and immaterial loss in La Mancha•s architecture 
has been irreparable. Few constructions remain in 
an actual state of conservation, but studies such 
as this would justify the recovery and restoration 
they deserve.

This is why the interest towards the conserva-
tion of these dwelling structures should not only 
consist of favorable interest relative to their cul-
tural and artistic value; but also, we should be 
interested about their technological value based on 
their highly efficient energy benefits which can be 
applied, without quixotic risks, to new residential 
buildings both at home or •Somewhere in la Man-
cha, in a place whose name I do not care to remem-
berŽ (M. Cervantes).
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ABSTRACT: The issue of preservation and •re-developmentŽ of historic abandoned towns has taken 
considerable attention in Italy during recent years. The impossibility to occupy land with new archi-
tectures reflects in the trend to activate recovery processes through different models aiming, generally, 
at an economic return. The intrinsic sustainability of such constructive vernacular heritage, although 
recognized as a starting-up factor, in rare cases brings to interventions that maximize permanences and 
upgrade methods in order to safeguard the architectures• tangible and intangible values. The contribution 
deepens recent experimentations carried out in Southern Italy for the recovery of abandoned little old 
towns and illustrates the results of an in progress study concerning Tocco Caudio (Benevento), medieval 
town totally abandoned after the earthquake of 1980. Suggested intervention strategies are measured 
with the multiple and variable aspects of the concept of •sustainabilityŽ, trying to reconcile the reasons 
of conservation with those regarding social and economic benefits.

Today, the restoration of these places without 
people raises extremely complex challenges, where 
social and technical factors are intertwined with the 
economic ones. For implementing an effective proc-
ess of reutilization, in fact, it appears necessary to 
carry out projects that innovate while preserve not 
only the built network but also the relationships 
among people, trying to reach a balanced compro-
mise between the transformations required by the 
current needs of the population and the cultural 
duty of the conservation of historic buildings. The 
interpretation of the tangible values associated 
with the ancient buildings appears to be strongly 
woven to the intangible values that have accompa-
nied the history of places. So, aiming at the conser-
vation of the architecture requires to dealing with 
issues of urban anthropology, ethnography and 
with a •slowŽ history of communities rather than 
with an événementielle one (Teti 2004; Tarpino 
2012). At the same time, it is necessary to iden-
tify the elements that can generate new dynamics 
of development in the local micro-contexts with-
out neglecting the importance of non-monetized 
benefits that are generated by the cultural fruition 
of the historic heritage. This means to intend the 
intervention as a necessity within the logic of sav-
ing scarce resources, such as the territorial ones are. 
There is to work, therefore, on the complex identi-
fication of the range of specific functions that can 
simultaneously guarantee the conservation of the 
ancient goods and the starting up of a process of 
durable local economic development.

1 INTRODUCTION

The abandonment of towns accompanies the his-
tory of the communities at least from the Middle 
Ages and cyclically demonstrates the fragile equi-
librium between anthropisation of the city and 
the countryside. This phenomenon is particularly 
evident still in recent decades, during which the 
relationship between urban centers and •periph-
eriesŽ inside the territory are distorted because 
of an exponential population growth in the cities. 
Between the Fifties and the Eighties of the twenti-
eth century there has been, especially in Southern 
Italy, the peak of the decline and abandonment of 
the historic centers…so-called •minorŽ„caused, 
also as a result of natural disasters, by economic 
distress, migration to Northern Italy and abroad 
and, more generally, by the desire to live in new 
buildings (Teti 2004, Tarpino 2012).

The •ghost townsŽ are more and more the object 
of interdisciplinary studies: they are hundreds on 
the whole Italian territory and with an high con-
centration along the central-southern Apennines. 
At the same time, they show in most cases a high 
degree of obsolescence and only on rare occasions 
a process aiming at ensuring, through the reactiva-
tion of the sites• fruition, the slowing of the decay 
has been tested (Flora 2013). This latter has been 
typically caused by the demographic exodus that 
also generates an environmental consumption, 
with the materic decadence of forms of architec-
ture, without any maintenance.
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2 SUSTAINABILITY AND CONSERVATION 
OF ABANDONED HISTORIC TOWNS

2.1 Some recent Italian experiences

The solutions which have taken place over the last 
decades in Italy range from the on site integral 
reconstruction, to the •slippageŽ from hilly lands 
to more comfortable plain areas, to the creation 
of new districts in proximity of the ancient inhab-
ited settlements. The new towns, as a consequence, 
have led to the abandonment of the preexistent 
sites which, although still affectively alive in the 
memory of the inhabitants, are largely disappear-
ing. The already critical conditions of the build-
ings, never subjected to strengthening operations, 
are increasingly worsening with the decay caused 
by the passing of time, by the abandonment and by 
the prevailing poor and fragile constructions.

A work of spontaneous regeneration, carried 
out by a community of artists, has marked the des-
tiny of the rural center of Bussana Vecchia, from 
1928 part of the municipality of Sanremo (AA.VV. 
1987). The town, situated inland on a hill facing the 
sea, was abandoned after the 1887 earthquake and 
rebuilt in the valley. The displacement from the hill 
towards the sea was rapidly carried out within seven 
years and enacted for reasons of commercial and 
economical convenience, as assessed by the political 
authorities of the time. The old town, reduced to 
ruins, remained uninhabited until the Sixties when a 
spontaneous process of enhancement began due to 
the initiative of some artists and artisans who had 
chosen to become its new inhabitants. Taking up 
the idea of the Turinese artist Mario Giani (known 
as Clizia), the so-called •International Community 
ArtistsŽ was created and its followers slowly started 
to restore, although with mimetic purposes, the 
first houses, facing all the difficulties related to the 
absence of any infrastructure and services such as 
water, electricity, sewers or gas. The project born in 
a completely spontaneous way without considering 
the problems concerning ownership or other legal 
aspects and it grew up over the years involving an 
increasing number of artists of various nation-
alities. The buildings in better structural conditions 
were restored by the same people who were able to 
transform Bussana in •a village living more than 
ever in an officially dead contextŽ (AA.VV. 1987). 
The opening of art galleries where artists began to 
exhibit and sell their creations led to a new vitality 
of the town that progressively turned into a tourist 
attraction. As a consequence, now deprived of its 
original spirit, several inhabitants of the early times 
decided, therefore, to abandon the town because 
it was inexorably converting into a picturesque 
site suitable for tourists, rather than preserving its 
role as a place of experimentation and innovative 

production. Transformed from a spontaneous and 
charming village of artists into an hybrid reality 
that weaves creativity with tourism marketing, Bus-
sana has unfortunately lost over the time the origi-
nal sense of regeneration, which had its own strong 
roots in the extemporaneity.

More cases of regeneration of ruined towns, 
inspired by the artistic sphere, can be added 
although these latter have led to the transforma-
tion of abandonment situations in open air art gal-
leries not spontaneously but according to a specific 
local political intent. This is the case of Castel-
basso, eleventh-twelfth century fortified village in 
Abruzzo, which is connoted by the a •wirewoundŽ 
medieval plan, developed around the central ele-
ment of the ruined castle. Populated in the past 
centuries mainly by tailors, shoemakers and crafts-
men and by few landowners, the old town suffered 
the agrarian crisis in the Sixties of the twentieth 
century and the consequent abandonment of sev-
eral farms. A strong process of emigration quickly 
reduced its about 500 inhabitants to a few dozen.

In the Eighties, Castelbasso has been the object 
of an elaborate study of •regenerationŽ (Pompei 
1989; Colletta 2010), sponsored by the municipal 
administration with the development of a the Ter-
ritorial Plan that, in addition to the recovery of the 
village, provided to heal other forms of degradation 
in the area. The intention of the planners and local 
authorities was from the very beginning to pursue 
the cultural vocation of the town so not to make it 
a •resort-siteŽ which, in the name of the economic 
benefits could distort its very essence. It has been, 
therefore, supported the wish to make Castelbasso 
an artistic center without renouncing to allocate in 
the old town and in the rural land the habitual resi-
dences and the local primary activities, interpreting 
tourism •as an activity of sharing, therefore, com-
plementary and not as a substitute to be connected 
to agriculture, crafts, cultural productions, never to 
sterile plantations of sleeping placesŽ (A. Pompei 
1989, p. 107). With this concepts, at the end of the 
Eighties, we have seen the transformation of the 
urban center into an open air art gallery.

A totally different type of recovering has been 
applied in the village of Colletta di Castelbianco, 
located in the Liguria hinterland. The permanent 
abandonment of the town, originating in the thir-
teenth century, occurred following the earthquake 
of 1987 although its decline was rather determined 
by the position which was excluding the old town 
from the main commercial ways. In 1995 Colletta 
di Castelbianco became the object of an experimen-
tal study of urban restoration that has proposed its 
conversion into a •cybervillageŽ. The whole opera-
tion was carried out on the initiative of an real estate 
development company (Sivim) from Alessandria 
that bought the entire village for about two million 
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dollars and commissioned the project of transfor-
mation of Colletta di Castelbianco in a •televillageŽ 
to Giancarlo De Carlo (Torricelli 1997; Gastaldi 
2001). The architect, in front of the condition of the 
abandoned artifacts, has undertaken the application 
of traditional materials and techniques in integra-
tions, relegating the •modernityŽ of the village to 
informative infrastructures. The buildings have been 
converted into apartments of varying dimensions, 
satisfying the different needs, starting with the basic 
unit of a vaulted single room and proposing spa-
tial variations with the insertion of new openings, 
where necessary. Internal plasters, where remade, 
have been realized with gypsum in order to improve 
thermal insulation and to maintain a good water 
vapor permeability of the walls.

The system solutions have proven to be less 
impacting for the cabling of  housing units while 
they have turned out to be more complex for the 
integration of  conventional systems. For heat-
ing, in particular, the solution of  radiant panels 
with underfloor electric cables has been adopted 
with low impact on the architecture and a good 
adaptability to the plan offsets. All the town has 
been then equipped with optical fibers and each 
of  the sixty apartment fitted with innovative sys-
tems (i.e. videoconferencing, centralized satellite 
systems, voice-mail), hiding all the technological 
elements with local grey stone. The revitalization 
of  the abandoned town, therefore, has been pur-
sued through an advanced technological experi-
mentation, reinventing its full role and proposing 
it, in a rather isolated way, as a seat of  telematic 
sharing.

Such experiences, not so reiterated into simi-
lar cases, are accompanied by the wide spread 
throughout the Italian peninsula of many interven-
tions for the recovering of ruined urban sites for 
which, through the creation of •diffused hotelsŽ, 
the tourism industry seems to have become the 
main occasion for their safeguard (Dall•Ara & 
Esposto 2005; Giardiello 2013; Santangelo 2013). 
From north to south to the center of Italy, there is, 
in fact, a good confidence in the results obtained 
through the involvement of private investors, often 
foreign, that often transmute ruins• authenticity in 
order to upgrade the ancient inhabited sites into 
•slowŽ tourism places.

A paradigmatic case (afterwards repeated in simi-
lar cases as Matera in Basilicata or Castelvetere sul 
Calore in Campania) of the conversion of a part of 
an abandoned town into a place designed for tour-
ist accommodation is Santo Stefano di Sessanio in 
Abruzzo. The transformation of the town begins in 
1999 thanks to Italian-Swedish entrepreneur Daniel

Kihlgren (Marongiu 2005; Di Zio 2009; Ger-
emia 2009). He buys a large part of Santo Stefano 
(almost entirely abandoned) in order to re-use 

about the 35% of the area as an hotel, as craft 
shops and spaces destined to enogastronomy.

Despite the mimetic character of some opera-
tions, the use of sophisticated technologies hidden 
for the remote management of systems and the 
attention to the conservation of structures and old 
finishings have contributed to the success of this 
experience, as evidenced by the fairly good impact 
on the entire surrounding territory and by the reac-
tivation of a local micro-entrepreneurship with an 
environmental and social sustainable approach 
(Marongiu 2005, p. 79).

2.2 Geographies of the abandonment 
in Southern Italy

An accurate framework of the diffusion of ruined 
urban centers is not yet available in the Italian con-
text. Nevertheless, a recent survey conducted by 
Cresme (Confcommercio„Legambiente 2008) high-
lights how a significant proportion of empty sites 
is scattered in the south of the peninsula, diffusely 
affected by seismic events, depopulation and emi-
gration during the twentieth century. Similarly, this 
research envisages, on a statistical basis, a progres-
sive increase in the depopulation of the smaller town 
centers, which should, in 2016, reach 1650 units.

A distinction should be made between partially 
abandoned urban centers and totally abandoned 
sites because the urban •dismissionŽ has occurred 
under varied types in all anthropized territories. It 
has often been induced by external causes such as 
the war devastations or the not easily defensible 
geographical location, by landslides or, very often, 
by earthquakes. However, the economic decline is 
the main reason for depopulation so that the same 
natural disasters are, in many cases, only accel-
erators of an ongoing phenomenon. In the towns 
of Campania, for example, reactions to seismic 
events„we refer, in particular, to those of 1930, 
1962, 1980 and 2009„were different and mostly 
influenced by the economic conditions before the 
earthquake and by the hydrogeological character-
istics of the site where the ancient town stood.

The earthquake was, in most cases, interpreted 
as an opportunity for the social rebirth of the 
affected community so that the displacement of 
the town in a more accessible and less vulnerable 
position has proven to be a tool for overcoming the 
trauma dramatically caused by the event. Moreo-
ver, the adjective •abandonedŽ not always seems to 
be the most suitable to describe certain situations.

The link between the old nucleus and its 
inhabitants properly brings, in fact, to distin-
guish the really abandoned towns by those 
•emptyŽ because, though not inhabited, seat of 
different frequentations„including looting„or 
those •evacuatedŽ because forcedly left.
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A reconstruction of the geographies of the 
abandonment of Southern Italy urban centers is 
a work still to be made and it appears to be par-
ticularly complex due to the high number and the 
difficult accessibility of ruined sites. Abruzzo has a 
very large number of towns nearing depopulation, 
especially in the upland areas of the Apennines such 
as, otherwise, happens in Molise (i.e., Rocchetta 
Alta at the base of the Monti della Meta). In both 
regions, the seismic and hydrological factors have to 
be added, from the second half of the nineteenth 
century, to the decline of transhumance with the 
progressive depopulation of the inland territories. 
Also Calabria has a rich number of depopulated 
sites (AA.VV. 2001; Teti 2004), with a very signifi-
cant presence in the protected area of the National 
Park of Pollino and Aspromonte (i.e., Africo, 
Casalinuovo, Laino Castello, Cavallerizzo, Penti-
dattilo, Roghudi, Cirella Vecchia). In Basilicata, 
the town of Craco, near to Matera, was abandoned 
in 1963 because of a landslide while Alianello was 
left after the earthquake of 1980 and its population 
moved to Alianello Nuovo (Giardiello 2013; San-
tangelo 2013). Recent researches concerning Cam-
pania (Coletta 2010) give a significant framework 
in which, at a brief examination, are now free of use 
the towns of Caianello Vecchio, Calvi Vecchia, San 
Pietro Infine, Apice Vecchio, Tocco Caudio, Aqui-
lonia Vecchia Conza of Campania, Melito Irpino 
Vecchia Romagnano al Monte (Fig. 1), Roscigno 
Vecchia, San Severino di Centola and Senerchia. In 
the same region, we can identify partly abandoned 
towns, such as Giano Vetusto, Presenzano, Borgo 
Cerquarola, Vairano Patenora, Marzanello Vecchio 
Casalduni, Castelfranco in Miscano, Castelpoto, 
Castelvetere in Val Fortore, Limatola, Molinara, 
San Giorgio La Molara, San Lorenzo Maggiore, 
Bisaccia Vecchia and Fasanella.

The landslides and earthquakes are, even in this 
region, the most common reasons of abandonment. 

If  the former have on two occasions forced the dis-
placement of the town of Roscigno, the destruc-
tion made by the earthquakes, particularly in 1930, 
1962, and 1980 (AA.VV. 1982), generated different 
answers. In some cases it was decided to rebuild 
on the same site, in others to •extendŽ the town in 
adjacency„this is the case of Senerchia„or even 
to translate it, rebuilding it ex novo, in an area of 
better geological stability, as it happened in Apice, 
Tocco Caudio, Aquilonia, Romagnano al Monte 
and Conza della Campania.

3 THE CASE-STUDY OF TOCCO CAUDIO 
(BENEVENTO)

3.1 Restoration, conservation, sustainability 
of intervention: An in progress research

Placed in the center of the National Park of Taburno 
and, therefore, in the core of Campania, Tocco Cau-
dio shows more appropriately characteristics of the 
central Apennine towns with evident similarities with 
the historical sites of Molise and Abruzzo. The vicis-
situdes that have affected this settlement during the 
twentieth century make it a paradigmatic case of the 
problems related to the Italian •ghost townsŽ. Doc-
umented since the tenth century (Marcarelli 1915), 
Tocco Caudio has a •fused acropolisŽ plan at about 
500 meters above sea level, at the top of a bank of 
Campania ignimbrite (Grey Tuff) surrounded down-
stream by rivers. The arrangement of the built blocks 
follows a rigorous system •at combŽ with a central 
road oriented along the north-south axis (Fig. 2) and 
smaller transverse roadways (Fig. 4). At the peak of 
the hill and probably in the vicinity of a castrum, the 
church of San Vincenzo was built.

The instability of the cliff of Tocco Caudio charac-
terizes its history through the twentieth century. The 
evacuation orders of the Thirties have been  followed 
by localized interventions for the presidium of the 
tuff ridge until, after the earthquake of 1962, the 90% 
of the buildings was considered unusable and closed 
the access road to the town. The 1980 earthquake, 
finally, caused the eviction order of the entire village. 
Today, no form of use is recognizable in the aban-
doned town. The condition of the historical built 
heritage appears extremely bad, with damages that 
affect everything (Figs. 2…4), not so much for seismic 
reasons but rather for the slow erosion and landslide 
movement of the tuff cliff, affecting the stability of 
the entire town. Nevertheless, a strong feeling of col-
lective memory animates the local community, with 
a significant interest in the re-establishing of a new 
form of use of the medieval Tocco.

Because of the recognition of this need and 
through the sharing of intentions between the Uni-
versity and the local administrators, from 2012 a 

Figure 1. Romagnano al Monte (Salerno). The old 
hamlet shows the typical territorial inaccessibility of the 
Apennine abandoned little towns (V. Russo, 2012).
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The whole process of interpretation of the tan-
gible and intangible values of the site, with a strong 
vernacular character, is based on the active involve-
ment of the local community. This goal has led to 
the distribution of questionnaires to the population 
aiming at understanding the relationships with the 
urban ruins, the aspirations with respect to the differ-
ent ways of intervention„•archaeologicalŽ conser-
vation? limited integration of gaps? reconstruction 
all•identique? etc.„, the preferences from the func-
tional and technical point of view (traditional mate-
rials? contemporary techniques?). This screening 
has been intertwined with periodic meetings with 
residents and local administrators, exhibitions of 
the work in progress and site visits with those who 
had inhabited the places before their abandonment. 
This community-based model of interpretation is 
the result of the will to identify possible perspectives 
of intervention through a multi-thematic interpreta-
tion of the site where the physical traces„ways of 
settlement, ways of building, ways of living„are un 
derstood in relation to the ways of formation and 
transmission of the local identity.

The case of Tocco Caudio demonstrates how the 
umbilical bond with the natural element (Fig. 5), 
the still visible tracks of the historic stratification 
and of a vernacular culture are strongly rooted 
in the so-called •poor architecturesŽ (Fig. 3) and, 
therefore, how these require urgent conservation 
processes whose •durabilityŽ over time is directly 
proportional to a wide declination of the concept 
of sustainability.

Within the infinite range of  the feasible solu-
tions for the rehabilitation of  the old town par-
ticular attention has been paid to the issue of  the 
volumetric integration of  the already built gaps. 
In this regard, the potential uses of  the building 
units derive from a concertation with the local 
community so to activate forms of  small busi-
nesses, particularly necessary for an economically 
very depressed context as Tocco Caudio. The dif-
ferent techniques to be used in the architectural 
integration„dry systems (wood, metal, glass, 
stone or brick panels, etc.) and •wetŽ systems 
(concrete, masonry with mortars, etc.)„have 
been compared both to the criteria of  reversibil-
ity and to figural and mechanical compatibility. 
The several choices have been deepened, in addi-
tion, in relation to the possibility of  recycling, to 
the contribution in terms of  energy saving and, 
therefore, to economic costs impact. All these are 
essential factors to consider with respect to the 
local poor economy, to be measured also in rela-
tion to the availability of  skilled workers and to 
the possibility of  logistical transport of  materials 
and construction elements in an orographically 
very inaccessible context as that of  Tocco Cau-
dio is.

Figures 2-3. Tocco Caudio (Benevento). The medieval 
town is in a severe condition of instability both at the 
urban and the architectural scale (photo V. Russo 2013).

program of applied research has started, aiming at 
identifying the possible strategies for the preserva-
tion of the abandoned town by an in-depth process 
of knowledge of the site.

The interpretation of the building techniques 
(Fig. 4), intertwined to documentary sources, 
is combined with that of the structural damage 
and of the deterioration of materials. This in an 
integrated process between didactics and applied 
research, tending firstly to the auscultation of the 
identity of the site in order to propose possible and 
multiple intervention strategies. These should be 
preceded by the priority installation of safety sys-
tems on the rocky fronts, so to transmit this mate-
rial culture patrimony to future generations.
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3.2 Conclusions

The experience in Tocco Caudio, compared with 
interventions brought out in Italian partially or 
totally abandoned sites, highlights the absolute inter-
section of the multiple meanings of the concept of 
•sustainabilityŽ and how any process for conserva-
tion and rehabilitation, as well as by preserving the 
status quo of urban ruins, is inherent to site-specific 
issues. Reflecting the goals of •sustainabilityŽ implies 
the overcoming of homogenizing logics rather in 
favor of case-by-case assessments of the values, of 
the critical points and of the contemporary mean-
ings of places. Pursuing the scopes of •sustainabil-
ityŽ aiming at optimizing the relationship, within a 
specific local context, between global costs (i.e., costs 
of construction, maintenance and management over 
time, disposal and recovering) and positive impacts 
with respect to the recognition of historical values 
of the cultural heritage and to the strengthening of 
social identities means to think in terms of compari-
son with multiple strategies for the redevelopment 
of abandoned urban ensembles. This calls for an 
approach that, in a flexible way, could move from 
the distinguishable reshaping of the lost volumes to 
the opposite of •silentŽ solutions where the sustain-
ability of the intervention coincides with the reaffir-
mation of contemporary and virtuous values even 
through in the maintenance of the ruin.
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Figure 4. Tocco Caudio (Benevento). The section along a transversal alley shows the combination between covered 
volumes and ruined parts where vegetation is diffused. The extremes of the blocks are eroded because of the rock 
movements (elab. Lia Romano, MsC Thesis, Dept. of Architecture, Univ. of Naples, Jan. 2014).

Figure 5. The strict combination between rock and 
architecture demonstrates the empirical sustainability 
of the vernacular architecture. In some cases, old houses 
can be found in the cavities from which the construction 
material was extracted (photo V. Russo 2013).
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ABSTRACT: Several new towns with regular forms were founded by the Castilian monarchy during the 
Middle Ages. The date of foundation was between 1100 and 1200. In addition to the urban layout of the 
streets, the division and sharing out of the plots among the population was also done. As a consequence, 
a series of architectural remains from the period of the foundation have survived up to the present which 
show us some of the constants of the architecture of that time. In order to study this architecture, the 
nucleus of Vertavillo is a good example to begin with. In this nucleus, a search for remains of the walls 
has been performed, as well as signs of their layout. At the same time, there has also been concern to 
find possible examples of architecture that are close to that of the medieval epoch. As a result of this 
architectural archaeology work, it is now possible to have a vision of the medieval architecture in this 
geographical space.

It was normal for these towns to be walled as a 
means of protection from possible attack. There are 
still, in many cases, remains of these defensive walls, 
although most of them are only small (Peñaflor de 
Hornija, Vertavillo). In other cases, however, large 
parts of these walls have been conserved (Urueña). 
In addition to the walls, there are often also remains 
of castles or defensive fortresses, as in the cases of 
Portillo or Madrigal de las Altas Torres.

2 THE CASE OF VERTAVILLO

Vertavillo is a municipality in the district of Cer-
rato, in the south of the province of Palencia, close 
to other, more important towns such as Dueñas or 
Venta de Baños. The whole town is situated atop 
a flat hill with good defensive conditions, over-
looking the valley of Hontoria, along which runs 
the river Maderazo. The town has excellent visual 
control of the surrounding area for several kilo-
metres. This emplacement is a clear indication of 
the defensive nature that Vertavillo may originally 
have had.

Archaeological remains of the Vacceos have 
been found in the area of Vertavillo which prove 
that there were people in the area from the Ancient 
times (Abarquero, F.J., Palomino, A.L. 2006). 
Throughout history, Vertavillo may have been 
populated by small groups in reduced settlements, 
probably of a defensive nature.

1 INTRODUCTION

Those urban settlements which were built in the 
Middle Ages using geometric techniques are 
known as Medieval New Towns (MNT). They 
involved the intervention of the king•s technicians 
and surveyors, etc, which bears witness to the pres-
ence of such a social institution as the Monarchy 
or the Church, which carried out territorial poli-
cies of occupation and control. These towns still 
conserve today a characteristic, regular urban lay-
out which is recognisable in the way the plots of 
land are distributed. These layouts adopt various 
forms: reticule, fish bone or herringbone, or linear, 
depending on the function of the epoch in which 
they were built.

Between the start of the 10th century to the 
beginnings of the 16th century, the kings of the 
kingdoms of Castile and Leon founded numerous 
towns with regular shapes to give a structure to the 
defence of the frontier regions. Such defences were 
normally set up against other kingdoms, other 
kings, for instance the kings of Navarre, Leon or 
the Moors. During the period in which Castile and 
Leon were independent, numerous new towns were 
also created in the frontier zones between both 
kingdoms. There are many such towns all over 
Castile & Leon and, whether they have a regular 
shape or not, they are a testimony to the culture 
and history of our community (Martínez Sopena, 
P. & Urteaga, M. 2008).
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According to Sánchez Doncel, the town of 
Vertavillo is mentioned in 1141 in a document in 
which Alfonso VII grants the farm of Cohorcos to 
Martín Fernández, when reference is made to the 
fact that the farm borders Vertavillo: •de alia parte 
BretauelloŽ. There is evidence of other references 
to Vertavillo in older documents, although these 
have not been verified.

Although there is evidence of the area of Ver-
tavillo being populated in ancient times, it would 
not resemble the Vertavillo of today. The structure 
of today•s village with straight streets and similar 
sized blocks is an indication that this urban design 
was purposely created in an organised and planned 
way, in which already existing parts could have 
been taken advantage of or incorporated (Sainz 
Guerra, J.L. et al. 2011).

3 THE WALL OF VERTAVILLO

Vertavillo still has remains of its medieval walls, the 
most evident of which are the two gates that have sur-
vived in the south and east sides. The southern gate 
is called the •Puerta del PostigoŽ and consists of a 

 semi-circular arch, constructed using medium sized, 
regular limestone ashlars. No decorative elements 
can be observed. It is approximately 1.5 m thick. Fac-
ing this gate is Vertavillo•s •rollo de justiciaŽ, built 
in 1537. It has an octagonal tiered base; the shaft is 
square and crowned by four lion gargoyles, one at 
each corner. This •rolloŽ has a close relationship with 
the gate in the wall. Although it was built later, its 
placement and the coexistence of both elements at a 
given time indicate the importance of this gate.

The eastern gate, the so-called •Puerta de CastroŽ, 
is very similar to the first, with a semi-circular arch 
built in stone similar to the •Puerta del PostigoŽ.

Although there are no apparent remains, there 
were another two gates in the walls of Vertavillo, the 
•Puerta de las ErasŽ, which opens onto the north 
where the fields for farming were supposedly located; 
and the •Puerta de San MiguelŽ, in the west.

The town gates were situated one on each of the 
four sides. The streets that lead from them all come 
together in the town•s main square, a more open 
space than the rest of the town, but whose size is 
modest and corresponds to the medieval scale.

There may have been a small gate currently 
called •La cerquillaŽ (Fig. 1) in the wall, which 

Figure 1. Plan of Vertavillo with the hypothetical trace of the wall and indications of its remains (A. Sainz 
Esteban).
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consisted of a narrow entrance in the wall, scarcely 
2.5 m wide. It had a drop with about a dozen steps. 
This entrance may be older, and could be related 
to the nearby building called •El PalacioŽ, perhaps 
the oldest part of the town.

3.1 Hypothesis of the course of the wall

Analysing the plot system of Vertavillo, it can be seen 
that the entire town is surrounded by a practically 
continuous block, interrupted only by four streets 
that exactly correspond to the gates in the wall. This 
succession of blocks, M4, M6, M8, M11, M12, 
M14, and M15 (Fig. 1), has an average approximate 
width of 28 m. Inside this •continuous blockŽ there 
are other blocks and streets with their own design.

On the other hand, walking along the outside of 
Vertavillo•s •continuous block•, it can be observed 
that the general uses of buildings in this area are 
for agricultural use such as stores or stables. The 
facades have large entrances for use in farming. 
No houses can be seen in this part of town, only 
the odd exception, and in general, these houses are 
new constructions.

On the inner side of the •continuous blockŽ 
there is a long, continuous street that surrounds 
the nucleus of the village, which comprises the suc-
cession of streets named Cantarranas, Trinquete, 
Santa Ana, Granero and Palacio. It is this street 
from which access to the houses situated in the 
continuous block is gained; the houses that adjoin 
the exterior farming buildings they back onto.

The design of this continuous block, which is only 
interrupted by the gates in the wall, and the fact that 
the most vulnerable uses, such as the houses, only 
have access from the interior street, as well as the lay-
out of the gates, all lead to the supposition that the 
line of the wall would coincide with the intermediate 
limit between the exterior and interior plots of the 
abovementioned continuous block surrounding the 
village. Figure 1 shows the hypothetical line of the 
wall. This thesis is supported by the fact that today•s 
plots still show the remains of the layout that could 
have existed in the past. In this way, the limits of 
many of the current plots would coincide with the 
line of the medieval wall. It can be seen from the plan 
of Vertavillo (Fig. 1) that a large number of plots 
have their limits in the intermediate areas of the 
blocks that make up the •continuous blockŽ.

The phenomenon of joining constructions to the 
wall on both sides in order to take advantage of these 
walls for new buildings has already been described by 
other researchers and has occurred in other villages. 
In the exterior case, this happened once the danger 
of possible attacks had ceased and the danger was 
less. The wall no longer had such an important func-
tion and buildings were constructed up against the 
outside of the wall. In this sense, the constructions 

were connected with farming,  following the need to 
construct stores to keep the grain and the farm ani-
mals which were also sufficiently close to the village 
to guarantee adequate vigilance.

In the Vertavillo of today, this use still exists, or 
at least the remains of such development, in the 
buildings outside the wall, as mentioned above.

3.2 Identified remains of the walls

On the basis of the hypothesis of the line of the 
wall presented here, a search for the possible exist-
ence of its remains, or its foundations, along the 
said line in the village of Vertavillo has been per-
formed. Both the administration and the inhabit-
ants of the village have been consulted in order to 
know whether any remains, traces or clues have 
been detected along this hypothetical line that 
could support this idea.

Some remains are visible to the naked eye from 
the street when simply walking around the vil-
lage, despite being in privately owned plots. In the 
block M12, in the street next to block M15 and the 
entrance of •La cerquillaŽ, there is an area with an 
irregular mound, joined to the southern limit of the 
plot (Fig. 2). This mound is of earth and stones and 
is covered by abundant vegetation. It has a length 
of 12.7 m and an approximate thickness of 3.7 m. 
This mound is situated, in its entire length, along the 
hypothetical line of the wall of Vertavillo. It is fairly 
sure that this mound consists mainly of rubble from 
the wall, especially the lower part of it, which could 
contain the wall•s foundation stones.

Other important remains of the wall can be 
found inside private plots, not visible from the 
street. Such is the case of a length of wall in a plot 
in the northwest of the village, shown in Figure 3. 
This plot can be accessed from a street within the 
walled area, Cantarranas street.

Figure 2. Remains of the wall (R1 in Fig. 1) (A. Sainz 
Esteban).
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This plot is built up in the western half  of its 
surface area. The other part is a patio. Between the 
patio floor and the flooring of the built-up part, 
there is an important difference in height of about 
4m. This difference exposes a wall about 20 m in 
length and 4 m in height constructed of cut lime-
stone. The stones used are medium sized, regular 
shaped rectangular blocks. Figure 3 shows the wall 
described, and even the base upon which it sits is 
visible. Its foundations, a light coloured sedimen-
tary rock, can be seen.

Up to 10 rows of cut stone are preserved, with 
the largest blocks at the base. The face of the wall 
has been repaired with cement mortar in the joints. 
At least two buttresses can be seen supporting the 
wall, which is mostly exposed to the weather, and is 
at one point inside an agricultural storehouse, where 
the difference in height is still visible. The stone is 
very similar to that used on the existing gates. The 
layout of this wall, as well as the type of construc-
tion used, leads us to believe that it is highly possible 
that it is, in fact, a piece of the medieval wall.

3.3 Layout of the ground that supports the 
hypothesis of the line of the wall

In a like manner to the rest of the wall described 
above, throughout the entire length of the •contin-
uous blockŽ that surrounds the village, an impor-
tant difference in height can be seen that occurs 
at exactly the hypothetical line of the wall, along 
an interior line parallel to both extreme limits of 
the block. This difference in height is most evident 
on the west, south and east sides, while being non-
existent in the north, where the height is the same 
in the village as in the land at the northern exit 
(Fig. 4).

This difference in height clearly shows where the 
position of the wall is and supports the hypothesis 
formulated above. The interior buildings have been 
joined to the wall at the height of the land in the rest 
of the village, while outside the wall, the buildings 
have been joined to the wall between 2 and 4 metres 
below the street level, depending on the area.

Over time, the population have used a system 
to overcome this difference which they have called 
the •ramplaŽ, consisting of a ramp made of com-
pacted earth, present in many plots through which 
the wall runs.

3.4 Unusual buildings with defensive significance

In addition to the remains of the wall that were 
found, there are other elements which, either 
because of their singular nature or their position 
at strategic points of the village, may be directly 
related to the defensive architecture of the village. 
The first of these is the well-known building popu-
larly called •El palacioŽ (Fig. 5), a very singular 
building of Vertavillo which, today, is used as a 
house. Its layout does not correspond to that of a 
traditional house, but to that of a defensive watch-
tower, with a homogeneous, blind stone base, and 

Figure 4. Section of the block M4 in the northern area. (S1 in Fig. 1) (A. Sainz Esteban).

Figure 3. Remains of the wall (R2 in Fig. 1) (A. Sainz 
Esteban).
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a lighter first floor, perhaps open as a lookout 
tower. The circular directrix is an indication of a 
more primitive culture, and for this reason, it could 
be said to be the remains of a defensive structure 
from the first centuries of the Early Middle Ages 
and which would function as an isolated element 
or as part of a small settlement with a military 
function.

Another singular element that has been detected 
forms part of a house next to the position of the 
•San MiguelŽ gate, which has disappeared. The 
part of the building that faces west is built in a 
very particular way. Its facade is almost completely 

blind, solid stone, with two very small windows 
and a door. The building•s position is adjacent to 
that of the gate and could have been a part of the 
gate itself. Figure 6 shows the defensive nature of 
the element and its position flanking the entrance 
to the town. Its height is between 6.5…7 m.

In the •Las ErasŽ gate (Fig. 7), there is a similar 
example, although less evident, as the face is ren-
dered in cement. It is a house that flanks the north 
gate of the town, which today no longer exists. On 
the north side of the house there is a part of the 
building of which three sides are completely blind. 
This part of the house is at least 50 cm higher than 
the rest, reaching a complete height of 7 m. It 
could possibly be a defensive element that formed 
part of the gate in the wall and which is now part 
of the house.

4 THE MEDIEVAL HOUSE 
IN VERTAVILLO

In Vertavillo, there are examples of houses that 
greatly resemble medieval houses in their form. 
Such is the case of the house in Figure 8. This house 
has two floors and a facade 3.5 m wide. The ground 
floor currently has a door and one window.

Nevertheless, a large jack arch (almost 3 m) over 
the current door and window can be seen. This 
leads us to suppose that it was once a single door 
for entry to the ground floor. The first floor has a 
cantilever balcony of scarcely 50 cm and a single 
window of approximately 60 × 90 cm, which would 
originally have been even smaller.

The plot on which the house currently stands 
corresponds to the width of the building•s facade. 
However, the original plot probably also occupied 

Figure 5. Building with defensive origin, now used as a 
house (M14 in Fig. 1) (A. Sainz Esteban).

Figure 6. Construction, now used as a house, which 
would form part of the •San MiguelŽ gate (P1 in Fig. 1) 
(A. Sainz Esteban).

Figure 7. Construction, now a house, which would 
form part of the •Las ErasŽ gate (P2 in Fig. 1) (A. Sainz 
Esteban).
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the adjacent space to the right, making the front 
of the plot approximately 8m (Sainz Guerra, J.L. 
et al. 2011). These two plots, in their day, would 
have been a single plot (Fig. 9). In fact, today, the 
buildings overlap one another, in such a way that 
the first floor of the adjacent house forms a part 
of the initial plot.

5 CONCLUSIONS

Vertavillo is, due to its geometrical characteris-
tics, a Medieval New Town. This circumstance, 
together with the layout and the existing remains 
of two gates, led to the supposition that there must 
have been walls. A hypothesis has been made of the 

layout based on the current urban fabric and the 
relief, and physical traces have indeed been found 
at various points along the line of the wall.

The relation between the interior form of the 
town and the walls is related to the fact that it was 
built following a single design.

The defensive needs take advantage of the 
relief of the terrain, adapting the town•s form to 
the original form of the platform upon which the 
town sits, building the wall at precisely the change 
in height.

Other towns founded in Castile and Leon have 
similar elements in both the defensive aspects and 
the formal conditions. Examples include Tordehu-
mos, Peñaflor de Hornija or Aguilar de Campos 
(Sainz Esteban, A. et al. 2013).

NOTE

We would like to thank the Council of Vertavillo 
for their collaboration and, in particular, the 
assistance of the archaeologist, Javier Abarquero, 
who facilitated access to the remains of the wall 
described in this article and who has offered us his 
expert knowledge.

Translation from Spanish: Alan Hynds.
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ABSTRACT: This research addresses the spatial and structural organisation of the vernacular settle-
ments of Serra da Peneda and Laboreiro. The settlement model is analysed, emphasizing the relation-
ships between spatial organisation of the territory and socio-economical structure. Furthermore it aims 
to reveal the articulation of the different clusters. Two case studies were selected: one from Serra da 
Peneda (Gavieira) and one from Castro Laboreiro (Adofreire). In the first case the settlement is articu-
lated between the main settlement and seasonal settlements, called brandas. While in Castro Laboreiro 
the model is based on two different types of seasonal settlements (brandas and inverneiras). Distribution, 
implantation and morphological analysis of the different vernacular settlements are studied, using a com-
parative scope. Relating this analysis with the socio-economic profile several sustainable principles are 
pointed out, working as indicators that can be applied in contemporary architecture.

winter period (Dorna and Assureira) in Castro Lab-
oreiro. The structural and spatial organisations of 
both settlements were analysed, focusing mainly on 
understanding their complementary nature.

The correlation between the socio-economic and 
the spatial organisation systems enabled the iden-
tification of sustainable principles that cannot be 
neglected.

1.1 Methodology

The socio-economic characterisation of both com-
munities was assembled through a bibliographic 
research of geographic, ethnographic and histori-
cal studies that enabled to characterise the cultural 
and social organisation forms of these communi-
ties, thus highlighting the functional structure that 
binds the livelihood of these groups and the way 
these vernacular settlements were inhabited. As 
to the spatial and structural analysis there were 
employed different spatial analysis tools.

2 COMUNITIES OF PENEDA-GERÊS

Serra da Peneda and Gavieira are a part of the 
Peneda-Gerês National Park (PNPG). Geographi-
cally it is a territory characterised by its outstand-
ing abrupt mountains, and its upland areas that 
feature distinct dimensions and altitudes. The 
variation of slopes is very abrupt, especially in 
the valleys, were the slopes are more pronounced, 
because the rivers have been thoroughly carving 

1 INRODUCTION

This article addresses the spatial and structural 
organisation of vernacular settlements in Serra 
da Peneda and Laboreiro. The agro-pastoral com-
munities in the Peneda-Gerês complex exhibit very 
peculiar socio-economic features, closely related to 
the way they adapt to, and draw their livelihood 
from, the scarce resources the land offers. The need 
and/or ability to interact with a very particular 
ecosystem have led them to develop an interesting 
settlement model that relies on mobility between 
different seasonal clusters, with a differentiated 
occupation of the territory. However, in the last 
decades of the twentieth century, the emigration, 
the difficulties experienced by younger generations 
to combine this mobility with the pursuit of their 
studies and the aging population, began to threaten 
the traditional settlement system in change for a 
more stable occupation of the territory.

This research tries to bring out the interaction 
between this model of territorial occupation and the 
needs and the possibilities of the socio-economic 
system of these communities. Thus, distribution, 
implantation and morphological analysis of the 
different vernacular settlements were compared 
between them and then related to the socio-eco-
nomic profile of both communities. These first steps 
enabled also to contextualise the selected cases„the 
main settlement of Gavieira with its two brandas 
(Benzgalinhas and S. Bento do Cando) in Serra da 
Peneda and the Adofreire branda with two of the 
inverneiras to where its population moves during the 
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the  mountains. The main rivers are Minho, Lima, 
Vez and Laboreiro (Peixoto 2008).

The process of implementation and organisa-
tion of vernacular settlements in Serra da Peneda-
Gerês is based on the necessity to adapt to these 
geographical and topographical features and to 
gather the scarce resources it offers. This mountain 
territory and its stratification in different biotypes 
induced the population to choose the places with 
appropriate soils for agriculture and nearby water 
lines to establish their settlements.

The traditional agro-pastoral communities of the 
Peneda-Gerês Mountain combined the incipient 
agriculture and a more prominent cattle-breeding 
activity, with the exploration of forest resources. 
Herds of sheep and/or caws were an important 
source of income, granting food, milk for nour-
ishment and cheese production and also wool and 
leather for clothing and footwear. Moreover, cattle 
breeding took full advantage of the extensive uncul-
tivated areas that characterize this region. Therefore, 
one of the main features of this economic system is 
that the herds graze loose, unattended (ao feirio) or 
guarded according to a communal practice locally 
called vezeira. This practice of grazing based on 
community work influences decisively the model of 
territorial occupation and its spatial organisation, 
based on the transhumance, meaning the displace-
ment of the population and their herd, to particular 
areas with better pastures.

On Serra da Peneda this transhumance implies 
the displacement from the main settlement to a sea-
sonal summer seasonal settlement (branda), while 
on Castro Laboreiro the displacement is made 
between winter seasonal settlements (inverneiras) 
and summer seasonal settlements (brandas).

3 SPATIAL ORGANISATION

3.1 The settlements

In Peneda, due to the environmental features of 
the territory, the main settlements, which several 
authors also call inverneira (Carvalho, 2003), did not 
have the ideal qualities to maintain its occupation 
throughout the whole year. Therefore, in order to 
face the implied needs for pasture and agriculture, 
the population searched for other territories more 
appropriated for a summer occupation. As a result, 
brandas and inverneiras represent distinct and com-
plementary spaces in terms of implantation and the 
way they are understood by their inhabitants.

On the other hand, Castro Laboreiro is divided 
in 42 settlements, only 8 of which have a permanent 
occupation, the remaining are summer or winter 
seasonal settlements. On the contrary to what can 
be perceived in Peneda, in this case branda and 

inverneira are two separated clusters, with the same 
importance.

3.1.1 Brandas
Their position is relatively high, placed in small 
depressions or hills nearby highlands, where winter 
temperatures are extremely low and where snow-
falls and strong winds, make the occupation prac-
tically unworkable. However, during the summer, 
these areas have more favourable conditions than 
the valley.

In Castro Laboreiro, it is here, in these summer 
seasonal settlements, that the population has the 
most important economic exploitation areas. Bar-
beitos (cultivated fields) and pastures are therefore 
more extensive in the plateau, given that the bran-
das are occupied during the main part of the year, 
from early spring until the arrival of winter.

3.1.2 Inverneiras
The inverneiras, occupying the valleys, have a cli-
mate described by locals as more sheltered from 
the prevailing wind, therefore, protected from the 
rigours of winter. In Peneda the population occu-
pies mainly these settlements, throughout October 
until May. In the inverneira they have the main 
economic exploration areas, where they grow corn, 
beans and have vineyards, while in the branda they 
grow potatoes, wheat and hay, as a complement of 
the valley agricultural production.

3.2 The house

The first feature that relates to the spatial organisa-
tion and building process of the house is the use of 
the same typology and the use of similar construc-
tive techniques and materials.

The traditional housing, both on Peneda and 
Castro Laboreiro, is not only intended as a ref-
uge but also includes several other functions, such 
as storage of agricultural products and livestock 
shelter. Housing becomes crucial for agro-pastoral 
production, making the house an important ele-
ment of both the economic and the social system.

The construction materials were those existing 
in the area; in this specific case, granite and wood. 
Granite was used for the elevation of walls, formed 
of blocks slightly levelled, disposed dry and with-
out any plaster. Wherever possible, the housing 
leans in any existing outcrop thus saving the need 
for a wall. Close to the ground lay the larger blocks 
and upward are used medium or small size blocks.

The floor was made of wooden planks, mostly 
oak. The same materials were also used for doors, 
wooden shutters and roof structure, which was sub-
sequently covered with a thin layer of heather, used 
due to its resistance and durability, although in some 
cases they also used broom, though less durable.
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The materials used in the construction of hous-
ing helped to protect its inside from climatic condi-
tions. During the summer the thatch helped to keep 
cool the interior and in winter the low height of the 
houses combined with the successive layers of vege-
table matter used in the roof (latiça) favoured reten-
tion of heat, from the fireplace and the presence 
of animals stabled downstairs. Thus the structure 
of the house shows a perfect compliance with the 
environment and the needs of this particular socio-
economic organisation (Oliveira & Galhano, 1998).

4 CASE STUDIES: GAVIEIRA 
AND ADOFREIRE

4.1 The case study: Gavieira in Serra da Peneda

The traditional settlement system of these commu-
nities is based on the complementary occupation 
of a main settlement (inverneiras) and second-
ary settlements (brandas). For the present article 
Gavieira and its two summer seasonal settlements 
(Benzgalinhas and S. Bento do Cando) were cho-
sen as a first case study aiming to understand their 
articulation and how it reflects on structural and 
spatial organisation of both types of clusters.

Gavieira is located at about an altitude of 
600 m, near a water stream, forming a compact 
cluster, delimited by the cultivation area; its two 
summer seasonal settlements are located at the top 
of the mountain (1000…1100 m in the case of Ben-
zgalinhas and 950…1000 m in that of S. Bento do 
Cando). These are smaller clusters, normally along 
small water streams.

On both cases the built cluster is characterised 
by the housing concentration; the public space 
emerges from the open spaces between the houses. 
The living cluster interfaces with the cultivated 
area, which extends itself  to the east, where water 
streams can be found.

On Gavieira the buildings occupy the area where 
the slope is steeper and less suitable for agriculture, 
successfully adapting to the topography of the land 
and taking advantage of the rocky outcrops for the 
construction of the foundations of the house.

Being the main settlement, Gavieira has the most 
important common public spaces and therefore the 
main equipments, such as watermills, corn granaries, 
threshing floors and the chapel of Santo Antonio.

Figure 1. Interpretative scheme of the housing unit 
(F. Gomes, 2013).

Figure 2. Localisation of the settlement: Gavieira, Serra 
da Peneda (Authors, 2014).

On the brandas of Benzgalinhas and S. Bento 
do Cando the housing cluster faces east, very well 
consolidated, as well as the cultivated area. The cul-
tivation takes advantage of the land along the water-
courses, structured in terraces that follow the slope of 
the land, similar to what happens in the inverneira.

The displacement between the main settlement 
and the brandas takes over 40 minutes, covering a 
distance of 3 km.

4.2 The case study: Adofreire in Castro Laboreiro

Among the seasonal settlements of Castro Lab-
oreiro, Adofreire, a summer seasonal settlement, 
was chosen as the second case study. Opposite 
what happens in Gavieira, here the population of 
a branda scatters between several inverneiras where 
they regroup with families coming from other 
brandas. Therefore, two of the winter•s seasonal 
settlements (Dorna and Assureira) to which the 
population of Adofreire retreats during this harsh 
season were selected as case studies.

Adofreire seats on the border of an immense pla-
teau, at an altitude of 1082 m while the two winter 
seasonal settlements occupy a lower terrain, at 825 m 
of altitude in the case of Dorna and 774 m in that of 
Assureira. The displacement takes more than a one-
hour journey, covering between 6 to 8 km.

In Adofreire the cultivated area takes advantage 
of the planer land, although it also spreads toward 
the slopes, surrounding the housing cluster. The 
cluster is compact but leaves between the buildings 
enough empty space in which is possible to socialise.

The inverneiras have an even more compact mor-
phology, with the farming land spreading toward 

Vernacu_Book.indb   669Vernacu_Book.indb   669 7/31/2014   7:46:32 PM7/31/2014   7:46:32 PM



670

the south and east in the case of Assureira and to 
the east and southwest in that of Dorna. Assureira 
has two separated clusters, the bigger one on a 
north and south axis along a street and the smaller 
forming an edge north of the cultivated area.

The agricultural areas are smaller if  compared 
with those of the previous cases because the cat-
tle breeding is the main source of livelihood for 
these communities and the more import produc-
tive areas would be the pasture lands. Although the 
population stays most of the year in the brandas, it 
is on the valley settlements that they have the main 
public equipments like watermills, communitarian 
ovens and religious buildings.

4.3 Comparative analysis of case studies: 
Gavieira e Adofereire

The main difference between the two settlement 
models, as described earlier is the inexistence, in 
the Castro Laboreiro case, of a permanent settle-
ment. Although several facts point to the brandas, 
giving its characteristics, as the most important 
settlement. Here they have the bigger housing clus-
ter and the most important productive area both in 
what agricultural and in cattle breeding concerns. 
On the other hand it is in the inverneira that the 
most important common public spaces are placed.

The main reasons for the above represented dif-
ferences (Fig. 3) may reside on the geographic char-
acteristics of both placements or on a different catch 
as to what livelihood concerns. Being that in Castro 
Laboreiro these communities would find in the high 
altitudes, where the branda is settled, better soils 

for agriculture and pasture, while in Peneda those 
conditions were met in the valley, where they had 
the inverneira. The extent of the plateaux of Castro 
Laboreiro would probably explain these differences.

5 OPERATIVE APPROACH: VERSUS 
PROJECT

The organisational and structuring principles of 
these settlements refer to some sustainable prin-

Figure 4. Location of the settlement: Adofreire, Castro 
Laboreiro (Authors, 2014).

Figure 5. Morphological analyse of the settlement: 
Adofreire, Castro Laboreiro (F. Gomes 2014).

Figure 3. Morphological analyse of the settlement: 
Gavieira, Serra da Peneda (F. Gomes, 2014).
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ciples, through the way they seize and explore 
the space, always taking into account the existing 
resources of the site.

The operative approach of the VerSus project, 
aims to address vernacular settlements sustain-
able construction, as an (in)dependent formal 
unit and to identify strategies developed through 
the analysis of their representative main morpho-
logical elements, relationships and organisational 
characteristics. Applying this approach, it was able 
to conclude in the cases addressed in this article 
the following strategies and sustainable principles 
relating to the structural and spatial organisation 
of these settlements:

Š Appropriate implementation on the territory 
(assuring appropriate choice of the sites)„the 
vernacular settlements of Peneda and Castro 
Laboreiro, choose the implantation of the build-
ing area near the soils with presence of granitic 
outcrops and nearby watercourses, liberating 
the soils appropriate to agricultural exploita-
tion. In this specific case, they built two different 
types of settlements to meet the needs required 
by their means of subsistence. Combining in a 
sustainable strategy its livelihood necessities and 
the scarce resources available.

Š Optimize the resources in the building process, 
using accessible materials and simplified con-
struction processes, deriving from the popula-
tion empirical knowledge.

Š Contribute to the acknowledgement of the 
cultural landscape and its dynamics. This 
acknowledgement is well implicit in this set-
tlement model where the transhumance has a 

big importance. These communities establish 
their household on a territory where the harsh 
climate conditions would not allow a perma-
nent settlement and they adjust their economic 
and social structures to fit a way of  living that 
always implies some mobility. Therefore they 
developed the mentioned model based on the 
existence of  complementary settlements occu-
pied according to the needs of  the group. Fur-
thermore this model is sufficiently adaptable to 
the cultural and social characteristics of  local 
communities and to the territory features as 
the, above pointed, differences between the 
organization of  the Gavieira and Adofreire 
model of  territorial occupation.

Š Build and consolidate the identity. Although this 
strategy can be identified on both communities, 
it is perceived in different ways in Peneda and 
Castro Laboreiro. On the first case, this identity 
can be built and consolidated in terms of a senti-
ment of belonging to a place or to a group with a 
very specific culture and values. One of the main 
features of this group being the importance of 
communal work, in the building process, the 
maintenance of infrastructures, agricultural and 
pasture activities and management of commu-
nal lands and irrigation system. Meanwhile in 
Laboreiro given that the group assembled for 
the main part of the year on one branda would 
disperse to several inverneiras the identity of the 
community depends mostly on the social and 
cultural features. Therefore the sentiment would 
include all the other families that partake on this 
very specific way of life as opposed to those who 
have a sedentary way of life.

Š Reduce implementation, construction and opera-
tional efforts. In these specific cases the eco-
nomical activity of these communities was one 
of the main bases for the stipulation on criteria 
for the choice of an appropriate site or sites for 
the settlement. The construction of equipment•s 
and houses is based on local materials (gran-
ite and wood) and endogenous workmanship, 
taken advantage of the communitarian work. 
The usage of local materials assures minimal 
transportation efforts and enhances the building 
life cycles. Concerning the spatial organisation 
of the house unit, its functional programme and 
built morphology, optimizes human comfort 
conditions.

Š Enhance local economy. Finally the intricate 
relations between this settlement system and the 
social-economic structure of these communities 
were such that the adoption of a more seden-
tary way of life led to the abandonment of some 
of these settlements in the last decades. But this 
also implies that a rehabilitation of that same 
model would probably enhance local economy.

Figure 6. Interpretive scheme of the different case stud-
ies (Authors, 2014).
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6 CONCLUSION

The organisation of the territory is fundamental 
in the construction of a sustainable society. An 
organized management of the territory, as shown 
above, cooperates efficiently to soil use, determin-
ing their occupation according its best aptitude, 
thus managing the appropriate areas for building, 
green areas or cultivation. The vernacular settle-
ment develops in close accordance to climate, land-
form, geology and available resources, materialized 
trough formal solutions adapted to particular 
socio-economic and socio-cultural perceptions.

This capacity to work with the resources avail-
able locally is well evident in the case of the tradi-
tional communities of Serra da Peneda and Castro 
Laboreiro, both in the way the organise and struc-
ture their settlements to the particular traits of 
their territory and socio-economical structure. But 
it is also inherent to the characteristics shared by 
their house units both in terms of spatial organisa-
tion and constructive process.

In fact, these structures, as well as the use of 
local materials are extremely effective as to thermal 
comfort, providing a cool interior in the summer 
and a warm one in the winter, thus it should not be 
surprising its application in both areas and in all 
the different types of settlements.

Finally, it is evident that all these elements that 
characterize this settlement model should be an 
important part of any strategy to promote the 
safeguard or the increase in value of the cultural 
heritage of rural communities of the region.

7 NOTES

The present paper was developed in the scope of 
the European Research Project •VerSus: Lessons 
from Vernacular Heritage for Sustainable Archi-
tecture (2012-2792/001-001 CU7 COOP7)•, offi-
cially supported by the Cultura 2000 Programme.

VerSus is developed by ESG / Escola Superior Gal-
laecia, Portugal, as Project Leader. CI-ESG, Research 
Centre at ESG developed the candidacy under the 
research field of Architecture and Heritage.

The project combines two fields of study of the 
research line: Vernacular Heritage and Sustainable 
Architecture (CI-ESG 2012).

The projects main aim is to gain knowledge 
from the fundamental lessons and principles of the 
vernacular architecture, and to explore new ways 
to integrate those principles into modern Sustain-
able Architecture.

Although the project is still open, the results 
achieved so far, enabled the development of the 
present article was also identification of some 
research questions to be addressed in research or/
and rehabilitation projects.
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Traditional techniques and materials in the Amalfi Coast: 
The Norman Tower in Maiori
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Department of Architecture, University of Naples •Federico IIŽ, Naples, Italy

ABSTRACT: The paper aims to deepen the structural and typological characteristics of the Norman 
Tower of Maiori, in Sorrento-Amalfi peninsula, near Naples. A settlement structure that arises as a defen-
sive tower, inserted in the protection system of the area, since the Sixteenth century. The tower is a signifi-
cant example of synthesis between architecture and nature, built with local materials and techniques, such 
as dry masonry and vaulted ceilings. The tower, situated on a rocky ridge towards the Mediterranean Sea, 
is inserted, in a fully sustainable way, in the fine environment of the Amalfi coast, characterized by typical 
crop in terraces and dry stone walls. The path of knowledge has deepened, in particular, the conservation 
status of the Norman Tower in order to identify operational strategies and best practices for restoration 
that aim to a conservative intervention of its hallmarks, respecting the identity of its architectural and 
environmental values.

 techniques and used materials, strongly descend 
from the secular local building tradition, remained 
essentially unchanged in centuries inside an urban 
texture born mainly in medieval time. In many 
buildings of the Amalfi Coast, in fact, it is possi-
ble to notice a fusion of late-Roman/Bizantine and 
Arab components that generated over time char-
acteristic elements such as extrados vaults, domes, 
tri-apsis planimetric system, raised arches and geo-
metric decoration. These elements were interpreted 
according to the rules of engineering practice, 
strongly influenced by contingent factors such as 
the environment and the existing natural resources 
that have become part of the architectural project.

The most important influences, in fact, have 
come from the Southeast exposure of the entire 
coastal, the presence of high mountains to the sea, 
that in some places have generated„only case in 
Italy„real fjords, and a wind blowing predomi-
nantly from the South, factors that have generated 
a very specific architectural type.

Today, despite visible signs of transformations 
implemented in the course of the centuries for 
static problems or changes in taste, in the whole 
coast it is quite often possible to recognize artifacts 
with functional and compositional rules put in 
place by local builders for pursue the best possible 
use of the local stone and hygrothermal welfare.

The Norman Tower, despite appears as a rel-
evant example of fortified architecture, not born 
in a spontaneous way, may be considered anyway a 
valid object of study to understand the vernacular 
architecture of the place, because it has been built 

1 INTRODUCTION

The so-called Norman Tower, also known as the 
Torre de l•Angulo or Formicola, is one of the main 
emergencies of the town of Maiori, near Naples. 
The building is part of the defensive system of the 
Sorrento-Amalfitan peninsula and originally was 
in communication with the towers of Mezzacapo, 
Capo d• Atrani and Capo di Conca. It stands on 
a dolomite-limestone spur of rock, surfacing from 
the sea, that can be reached through two little har-
bors placed along the northern side and southern 
one, while it is connected to the mainland by a 
three arches bridge in the limestone.

2 TECHNIQUES AND TRADITIONAL 
MATERIALS IN AMALFI COAST

The geographical scope where the Norman Tower 
arises is an exemplary object of study in order to 
understand how the local architecture, often born 
in a spontaneous manner, has adapted itself  to 
the geographical and climatic characteristics of 
its area. The particular orography of the Amalfi 
Coast, the presence of a very favorable climate and 
an easily workable limestone, have in fact led to the 
emergence of an architectonic type made of recur-
ring elements that have adapted to the territory in 
an organic and sustainable way.

A careful study of the architectural styles present 
throughout the area of the Tower leads to argue 
that most of the architectural elements, building 
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following the same criteria used for the spontaneous 
architecture.

The duty of the restorer architect is to recognize 
these characteristics in order to thoroughly under-
stand the physical and functional peculiarities of 
these architectures as a basic prerequisite for the 
protection of this geographic area and the correct 
transmission to future generations.

Among the most formal expressions and struc-
tural characterization existing in the Amalfi Coast 
it is possible to count the extrados vaults, finishing 
elements and wall cladding with lime plaster full 
grain, described as •weak• (scialbo). These elements 
are also present in the Norman Tower, despite the 
transformations undergone to the building over 
the centuries have partially concealed them.

The use of the vault, in the architecture of the 
Amalfi Coast, clearly prevails over the use of plan 
ceiling. This roofing system is present in other 
Southern Mediterranean context and often presents 
itself built with the same components: stones, lapil-
lus and milk of lime. Over the centuries, the local 
workers have declined this form„that the locals call 
•LamiaŽ„according to different variants. During 
the Ducal age in fact was predominant the use of 
the barrel vault and cross vault, since the sixteenth 
century develops the vault •a schifoŽ or •gavetaŽ 
that, during the nineteenth century was gradually 
replaced by the pavilion vault. Within this mor-
phological plurality, some elements have remained 
changeless, such as the characteristic of the low 
arch, which constitutes a choice dictated by compo-
sitional necessity and constructive economy.

About the historical origin of the presence of 
the extrados vaults on the Amalfi Coast, historians 
do not agree if  attribute them to the influence of 
Muslim culture or Byzantine one. Roberto Pane, 
one of the most important architecture historians, 
challenges the Arabic assumption, noting that in 
such a constructive culture this type of coverage 

was reserved only for the most courtly buildings 
such as mosques and tombs, while houses were 
spatially defined by a plain cover supported by 
palm tree trunks, according to a trilithic construc-
tive type dating back to the most ancient Egyptian 
tradition (Pane, 1960).

In support of the hypothesis of Pane, it should 
be noted that the use of vault in Campania in the 
Roman era was already widely circulated in the 
local building practice, especially in •educatedŽ 
environments as evidenced by examples of old 
Republican and Imperial domes present in Baia 
and Lake Averno, in the Phlegraean area, built 
with a similar technical.

Similarities between the architecture of the 
Amalfi Coast and the Arab construction tradition 
in Mediterranean world are rather found in other 
recurring characters, such as the reduced number 
of openings and choices influenced by climatic fac-
tors, such as the white painting for wall finishes.

The prevalence of vaulted roof is in any case 
linked to the specific needs of the context. The lack 
of wood and clay, for example, made unseemly the 
realization of sloping roofs, made with tiles and 
beams. The need to oppose a serious response to 
winds also favored the presence of a cover fully 
bind to the wall structure opposing the wind a 
more resistant surface and dynamically provid-
ing an easier sliding surface for the waters and the 
outflow within the tank. In this way the wood has 
been replaced by a very resistant local stones such 
as gray lava, sandstone, limestone, ebolitan traver-
tine and spongy Paestum.

In the extrados, the construction of the vault was 
completed with the creation of •pavements at the 
skyŽ (latrici) realized through the beating of vol-
canic lapilli mixed with pumice, watered with milk 
of lime, that after the shutdown phase was modeled 
by the repeated blows of the mazzoccola, a large 
wooden spatula, with flat bottom and acute sides 
(Pane 1965: 32…33). With beaten volcanic lapilli, 
consisting of conglomerate, lime, pumice and water, 

Figure 2. The plan of Sorrento-Amalfitan Peninsula.Figure 1. The Norman Tower in Maiori (Borea, 2013).
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were also finished the lastrici intersuolo, a plan that 
separated the single floors, generally left rustic or 
decorated, sometimes with colorful ceramic tiles.

Today, although many of the extrados vaults of 
the coast have been hidden from accretions and 
plan roofs, it is still possible to recognize remark-
able specimens of this type in less accessible areas 
such as in the fjords of Crapolla and Furore.

The other recurrent design feature on the Amalfi 
Coast concerns the wall finishes. It is in fact still 
widespread the use of •whitewashedŽ plaster to 
cover the external walls. These walls are mostly 
made up of slabs of limestone with a varied ster-
eometry and uncertain texture. The thicknesses 
sometimes appear very reduced, in contrast to 
their high strength, due to the use of local mortars 
constituted by a mixture of lime and pumice, of 
great quality and compactness.

The protection of these walls is assigned to 
•scialboŽ, which is an invariant of the vernacular 
architecture of the peninsula, which dues its good 
physical and chemical characteristics to its compo-
sition made of pozzolana, particularly suited to 
humid environments, exposed to the sea.

3 THE NORMAN TOWER OF MAIORI. 
AN EXAMPLE OF SYNTHESIS 
BETWEEN ARCHITECTURE 
AND NATURE

The Norman tower is part of the Amalfi Coast 
in a totally consistency with the characteristics 
described above. Today, it appears to us as the 
result of multiple transformations that took place 
in a different era.

The original core of the tower dates back to 
Angioins, assuming the construction phase between 
1250 and 1300. The wall fabric and the comparison 
with the near towers report a probable first phase 
in which the tower was circular in shape, as well as 
those of Capo d•Atrani placed to defend the town 
of Amalfi. The Tower took its actual appearance 
after the restoration of correction and the comple-
tion operated in the viceregal era by dida Scipio 
Fasano in 1590. It subsequently continued in 1593 
by Cosmas and Sabatino de Council in accordance 
with the plans of the architect Giovanni Felice 
Buongiorno di Cava.

Dominant traits of the coastal towers vice-
regal are perceived from the eastern side. Those 
traits adopted a typology on a square base with 
growth in a complete height…tapered crown scarp. 
The escarpment, also, is characterized (above) by 
the succession of merloni overhang and (bellow) 
from the vertical embrasures oblique depended in 
number, in the size of the surface of the terrace, 
also called piazza d•armi.

The loopholes were intended to accommodate 
petrieri cannons firing grapeshot-compartment 
scrap against possible attackers.

The interior of the tower presents itself  divided 
in two overlapping layers, covered by a barrel 
vault.

These spaces were intended for accommodation 
of the staff, usually consisting of a corporal and 
two companions (always Spanish subjects of the 
Kingdom), while the square housed a columbrina, 
twopetriere and other pieces. It was placed in the 
underground cistern (no longer accessible), which 
collected rainwater coming from the square above.

Probably the square originally appeared com-
pletely bare, but the change of destination of use 
and the need to increase the surface area introduced 
another volume. Dating from the early twentieth 
century, the refurbishing of the slab reinforced 
concrete and the last level of the technical com-
partment adapted to contain a freight elevator.

The only connection to the mainland of the 
tower is the bridge with three arches in the lime-
stone, dating back thanks to some vintage images 
and depictions, such as the photo taken in 1865 by 
Giorgio Sommer.

Despite many changes made by the Tower•s 
owners to change its destination of use, the Tower 
has managed to preserve over time a character of 
authenticity. It is properly classified as one of the 
finest examples of fortified building of the Amalfi 
Coast. Today, however, the tower lies in a poor 
state of preservation.

The exterior plaster is almost completely absent, 
except for some fragments on the table facing to the 
East. That area is more protected from degrada-
tion by atmospheric agents. This, however, allows 
to examine the textures walls everywhere. The vest-
ments have a semicircular stone wall texture char-
acterized by incertum texture. At the same time, the 
parties governed by later construction sites, are the 
result of the combined use of split stones, quar-
ried on site, constantly medium-sized, put in place 
rather compact, and wedges-and-mortar to fill the 
void between them. In correspondence with the 
loopholes, however, the sizes of the stones and gap 
wedges are reduced (due to their not vertical struc-
tures and sub tiles). The walls appear perfectly lying 
bedrock on which to stand. The rows of masonry 
occur more non-homogeneous systems in the base 
section as they acquire greater regularity as they 
continue in the phase of the surface equipment. 
The mortars instead represent the characteristics 
of the entire Coast. Thanks to optimal features of 
local limestone have excellent chemical and physi-
cal component.

It is plausible to think that they have been quarried 
on site and made from a cooking process performed 
in the vicinity of the buildings or in nearby kilns. 
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Due to a constant exposure to elements and storms 
is that the mortar joints in the limestone aggregates 
are in an advanced state of decay. This is particu-
larly visible in the wall facing west exposed, facing 
directly towards the sea. The wall section is heavily 
choked and interventions local replacement of walls 
have done little to improve the state of conserva-
tion. The mortars are not visibly ground limestone 
and aggregates, unprotected, large parts are eroded 
and cracked due to the direct action of atmospheric 
agents. Despite numerous interventions on the 
stones present at several points along all four sides of 
the exterior elevations, the deteriorating conditions 
remain evident. Only in the eastern side and between 
the grooves of the gun holes is possible to find traces 
of plaster and painting history, denouncing as the 
external facings were previously coated with a layer 
of plaster often just consists of a mortar made of 
lime and aggregates, to sourced locally, fine grain. 
The final painting, it was also based on lime mortar 
and appeared in shades of yellow ocher.

The interiors designed to accommodate the 
structure of perceptual re-occur heavily modified 
and you do not have access to information that will 

allow us to hypothesize the original state. The same 
is true for external floors, doors and windows that 
are recent and poor workmanship.

4 MATERIAL DECAY OF THE TOWER: 
ANALYSIS FOR RESTORATION

The Norman Tower is one of the elements of the 
vice-regal defense system, located along the Sor-
rento-Amalfi coast, mostly preserved in its entirety, 
despite the additions that have occurred over the last 
century. Unlike other artifacts of similar type, in the 
Norman Tower the transformations, due to adapta-
tion to a use different than the one for which it was 
built, they are mainly concentrated in the outside 
part, leaving the architectural system intact enough.

We can trace the process of privatization of 
these •specialŽ artifacts at the beginning of the 
last century. The Norman Tower, in fact, is pri-
vate property and is home to more than half  a 
century, the function of restaurant, but only since 
1988 has been recognized as a cultural asset of 
great historical and artistic interest, in accordance 
with the Italian law n. 1089, 1 June 1939. Despite 
the impact of restaurant function, the tower has 
adapted quite well to the receptive function, mak-
ing less alterations to the openings system„in the 
defense buildings are minimal and concentrated 
in the upper part of the troniera- and the articula-
tion of spaces, focusing primarily on surface fin-
ishes. In fact, while in the Norman room on the 
second level the walls are left in stone, the other 
levels are inserted decorations in plaster unrelated 
to original and material features. Without a doubt, 
the major modifications of the architectural and 
landscape complex are found in the neighboring 
areas to the tower itself  but forming an integral 
part of the Norman Tower. In these areas, the pres-
ence of superstructures, born during the last fifty 
years for responding to the pressures of tourism 
that generates the tower during the summer, they 

Figure 3. The Norman Tower in Maiori from the sea 
(Spinosa, 2011).

Figure 4. The Norman Tower: conservation project of 
the wall surfaces (Spinosa & Borea).
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have essentially modified the intrinsic relationship 
of the tower with the natural environment of par-
ticular value, where it stands and which itself  is an 
element connoting.

The analysis of the historical, bibliographic 
and iconographic sources, shows, however, that 
the Norman Tower in the last century has always 
maintained a tourist destination, so much so that 
over time human action has led to leveling the 
rock outcropping on the side south to welcome the 
tourists who arrived by small boats. A process of 
human settlement of the places that has resulted 
in the sedimentation of superstructures therefore 
entirely unrelated to the particular context of high 
environmental value and of inadequate architec-
tural quality; these superstructures are now leaning 
against the tower and go to prevaricate on its mass 
for both formal and chromatic dissonance. This 
has resulted a significant environmental impact of 
the entire complex, especially the sighting tower 
from the sea and from the south side. In addition it 
should be noted that the ancient stone bridge with 
three arches, connecting the tower to the main-
land, is completely occluded by such superstruc-
tures. With the anthropogenic damages we have in 
addition those attributable to the age of natural 
materials constituent.

As described above, the tower has a rather impres-
sive building mass, consisting mainly of quoins of 
limestone no regular on-site and lured by hydraulic 
mortar joints of variable thickness, in which you 
find aggregates of various sizes and the presence of 
wedges. The wall surfaces, which are also the result 
of various historical layers and rearrangements, due 
to consolidation work, found by a thorough reading 
stratigraphic themselves have a large thickness espe-
cially in the basement. For this reason, there aren•t 
significant structural movements or the presence of 
crack patterns alarming, but certainly we are faced 
with an advanced partitioning of the resistant sec-
tion, especially on the side most exposed to the sea, 
as the west elevation, and where it was more difficult 

intervene in the course of time with a restoration. 
On these wall surfaces, in fact there is a gradual loss 
of binding properties of mortars, subjected to the 
action of the winds and marine aerosol and as a 
result of the costant expulsion from the wall surfaces 
of limestone elements. Many of these quoins can be 
found among the rocky outcrops and for which there 
is a recovery, in view of the involvement of reloca-
tion and integration of the external walls in its thick-
ness. For the particular geographical location of the 
tower, it is assumed that in the past the planning of 
maintenance of the walls had been quite difficult, 
but these wall surfaces have elements of surface fin-
ishing of old lime plaster that now they have lost 
their original coloring. Traces of plaster are in fact 
mainly on the perimeter of the top of the tower, at 
the merlons on the east elevation toward the land. 
On this facade is also possible to find traces of yel-
low ocher finish reminiscent, affected by a strong 
chromatic alteration. Details that sedimented on 
architectural surfaces, strongly characterize the per-
ception of the tower for those who cross this stretch 
of the Sorrento-Amalfi Coast.

And •no doubt, in general, that the architec-
ture does not fall into the category of fine arts of 
pure contemplation, and to ensure its survival and 
transmission of its values as historical and mate-
rial document to the future generations will have 
to implement new conservation and enhancement 
strategies. In such strategies must cover to be con-
templated the use of architectural heritage, which 
guarantees the permanence in the processes of 
social life. Provided, however, that such use is in 
itself  aware and respectful of the importance of 
the architectural object and its figurative, materi-
als and constructive peculiarities, as it is a cultural 
heritage irreproducible.

Without this premise, the study so far deepened 
is born from the will of the subjects, who for vari-
ous reasons are involved in the management and 
maintenance of the Norman Tower, to preserve the 
integrity of the cultural heritage, of course,  starting 

Figure 5. Planned consolidations: integration of material in the exterior masonry (Spinosa & Borea).
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from its last configuration, through a process of 
enhancement that has led to the shared proposal 
of a general project of restoration.

The preparation of the enhancement project has 
therefore allowed to initiate a process of knowledge 
of the structure, defined above, which led not only 
to identify the characteristics connoting the arti-
fact itself, but also the deepening of the elements 
that are part of the local building traditions, here 
used in relation to the particular type of architec-
ture. In a second step we proceeded with the iden-
tification of critical issues upon which they focused 
restoration work, the result of conscious choices 
and culturally wise.

The project proposals, in consultation with the 
authorities for protection, are to be carried in three 
main passages: the first two aims the problematics 
related to the permanence of the restaurant•s use, 
through operations of functional improvement, 
and the incongruous presence of superstructures 
both neighboring areas and on the top floor of that 
tower, which will not be detailed here. The third part 
of the project has instead deepened the problems 
related to the consolidation of broken masonry and 
conservation of architectural surfaces.

Starting with a detailed architectural rilief of the 
building and its material and constructive character-
istics, materials analysis using samples of the stones 
and the mortars, in particular, we focused a number 
of conservative interventions that provide first 
reintegration of missing parts, such as to restore the 
section litoide resistant material with the same type 
and form, in response to the requirement of material 
compatibility. In this operation follows an integra-
tion of the mortar joints, where they are pulverized 
and heavily eroded and a deep pointing with hydrau-
lic lime mortar of the same type. Still, for traces of 
pre-existing plasters were prepared of conservative 
operations consisting in the consolidation of parts 
that separations from the wall substrate through 
injections in depth formulation based on natural 
hydraulic lime, including grouting of cracks.

The conservation project of architectural sur-
faces also took into account the image of the tower 
now historicized and how the natural processes of 
aging of materials have helped to strengthen that 
innate relationship existing between architecture 
and nature, which in the case of the tower is Nor-
man strongly present, as originally built with mate-
rials gouged out on the spot.

For these reasons, despite the finding of the 
presence of historical plasters, for which as men-
tioned above is expected conservation, we pro-
ceeded with the design of an final intervention of 
the surface finish on all the masonry that involves 
the application of a •scialbaturaŽ, a mixture of 
seasoned slaked lime•s milk, admixture with stone 
powder local. In this way, the operation of  surface 

finish will mitigate the chromatic dissonance exist-
ing between the parties with plaster and those 
without, and return on a vibrating surface read-
ing in transparent wall texture, with all the signs 
deposited over time, including new and previous 
additions on the wall surfaces.

This choice, therefore, on the one hand meets the 
issues the need for maintenance, capable of slowing 
down the process of advanced decay in progress, 
but at the same time does not alter the actual image 
of the Norman Tower of Maiori, through possible 
elaboration of a surface finish bringing it back to 
a present historical moment away, thus preserving 
the authenticity figurative.

5 NOTES

Although the present paper is the outcome of a 
collective work among the three authors, the para-
graphs 1 and 3 are written by Serena Borea; the 
paragraph 2 is written by Luigi Veronese; the para-
graph 4 is written by Arianna Spinosa.

The restoration project of Norman Tower in 
Maiori, has been designed by arch. Arianna Spinosa 
and arch. Serena Borea. The scientific advices are 
by arch. Loreto Colombo for urban planning and 
arch. Renata Picone for Restoration.
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ABSTRACT: Using the interdisciplinary approach, of architectural adobe knowledge with the trained 
eye of an archaeologist, the studies purpose was to determine if  there was any association or identifica-
tion of the building as the Trading Post of Jonathan T. Warner and his family from 1849 to 1851, and its 
subsequent destruction by fire, to support the conclusions the archaeological study acquired data about 
the structural evolution of the building, focusing specifically on foundation construction and the pres-
ence of packed earthen surfaces or floors. The long history of the Ranch House evolution was apparent 
in several features encountered during excavation, documenting a building that expanded over a period 
of time and informing the restoration design. The restoration of the Ranch House applied the rigorous 
Secretary of the Interior•s Standards for Restoration with the State of California•s Historic building code 
and Americans with Disabilities Act (ADA) requirements.

excavation of the historic resource. The research 
team consisting of archaeologists, historic preser-
vation architects, cultural landscape specialists and 
historians had been working at the site in three 
distinct episodes since 1997. The initial research, 
1997…98, was a Historic American Building Survey 
(HABS). In 2003…2004 the work effort included 
the writing of a Historic Structure Report (HSR), 
and initial archaeological test excavations. The last 
effort, in 2010…2011, included the complete resto-
ration of the adobe house to a house museum, the 
support facilities for the use and archaeological 
test excavations. In 1997, the origins of the extant 
Ranch House were in dispute, as local lore and the 
majority of historians held that the current house 
was rebuilt upon the ruins of the original store and 
trading post built by J.T. Warner. A small minority 
of historians and a single contemporaneous map-
ping survey offered a different location, nearby but 
not identical to the current location. It was within 
the frame work of this ongoing disagreement that 
the initial research commenced.

2 HISTORY OF DEVELOPMENT 
OF THE SITE

On January 24, 1848, nine days before the Treaty 
of Guadalupe Hidalgo ceded the present southwest-
ern United States and ended the Mexican War, gold 

1 INTRODUCTION

The Ranch House at Warner•s Ranch is a landmark 
in the history of the American West. The location 
is associated with Mexican exploration, the fron-
tier period in U.S. American westward migration, 
the California Gold Rush, the first transcontinental 
overland mail lines, and pioneer cattle ranching. The 
Ranch House is located in the broad, relatively flat 
San José Valley (Valle de San José), which is situated 
in the mountains in the northeastern portion of San 
Diego County, California. Since the late 1840s the 
area has been commonly known as Warner•s Ranch 
after Jonathan Trumbull Warner, who lived in the 
valley during the 1840s and early 1850s when it was 
an important camping stop on the Gila Overland 
Trail to California. Warner operated a store and 
trading post at a fork in this trial from 1849 to 1851. 
In 1857 the current ranch house was constructed 
by the Carrillo family. By the late 20th century the 
ranch house still stood, but the location of Warner•s 
store and trading post had been forgotten.

How can the memory of a building be lost so 
easily? How can the precise location of a building, 
that had been used by thousands of immigrants 
and had constant habitation on the site, be lost? 
How could this have happened in so short a time 
span, less than 70 years? These were the final ques-
tions the researches were left with after the conclu-
sion of both the restoration and archaeological test 
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was discovered at Sutter•s Mill in northern Califor-
nia, launching the California Gold Rush. Within a 
year, 80,000 people had traveled to California from 
around the world (Greeley 1987:14). Thousands of 
gold rush emigrants from the U.S. and Mexico used 
the Gila River overland trail. San José Valley, by 
this time more commonly known as •Warner•sŽ or 
•Warner•s Ranch,Ž was the first well watered camp-
ing spot that the emigrants reached after weeks of 
crossing cactus and creosote covered desert sands. 
Both livestock and travelers needed rest and refur-
bishment, many camped in the valley to let their 
livestock graze and regain strength while they 
attempted to restock badly depleted supplies.

Overland journals indicate Warner built the trad-
ing post sometime between September and Novem-
ber of 1849. (Chamberlain 1849). By November 28, 
1849, however, he had completed the building and 
was open for business (Aldrich 1851). Cornelius C. 
Cox who recorded on December 28, 1849: •Arrived 
at Warner•s Ranch and finding good grass, lay by 
one day. The road here forks, one leading to San 
Diego, the other to Los Angeles. Warner has estab-
lished a grocery and butchery for the accommoda-
tion of the emigrants„and this being the first place 
at which supplies can be obtained, the emigrant has 
been subjected to the severest extortionƒŽ (quoted 
in Wright 1961:22, ft 1).

Located on the east side of the knoll overlook-
ing Buena Vista Valley (Reynolds 1870), the house 
and store consisted of a rectangular adobe build-
ing with a thatched roof divided into two rooms. 
A thatched ramada (described as a shed by Ben-
jamin Hayes in 1850) on the front covered an exte-
rior patio and work area. When Benjamin Hayes 
visited the building in December 1850 he saw sev-
eral partially cured hides pinned down in front of 
the patio. Freshly butchered beef hung on a pole 
in the shade under the ramada near the building•s 
front door (Hayes 1850). Additional outbuildings 
were located around the structure (Sackett 1856). 
A blacksmith shop was located on the west side of 
the compound (Reynolds 1870).

Warner•s prosperous trading post would come to 
a sudden and abrupt end. Beginning in November 

1851 Antonio Gara, chief of the village at Agua 
Caliente Hot Springs, organized local tribes in an 
unsuccessful revolt to oust American settlers from 
the land. On the night of November 21 Gara•s fol-
lowers murdered four Americans. Early the next 
morning they attacked Warner•s trading post (Bibb 
1976). The Indians •rifledŽ the house of everything 
it contained (San Diego Herald 11-27-1851). They 
then set it on fire. Warner lost everything in the 
house and store (valued at almost $60,000) and an 
estimated 400 cattle (District Court, Case 56, State-
ment of Case; Sackett 1856; Warner 1886:45…46). 
In February 1852 Russell Sackett passed through 
Warner•s Ranch and saw the former trading post 
and store •destroyed and in ruins, and not occu-
piedŽ (Sackett 1856). The following year other visi-
tors noted the abandoned ruins of Warner•s former 
store. But soon thereafter the knowledge of the 
original location of the trading post was lost and 
local lore evolved misplacing the extant adobe ranch 
house as having been built upon the exact founda-
tions of the destroyed trading post built by Warner.

The property was then deeded in 1858 to Vice-
nta Sepulveda de Carrillo. A year prior to their 
receiving title, the Carrillos had built the original 
portion of the current Ranch House at Warner•s 
Ranch (Warner-Carrillo Ranch House) on the 
south side of Buena Vista creek. From 1857 to 
1861 the Gila trail was used by the overland mail 
service. The overland mail was first carried by the 
San Antonio and San Diego Mail Line from July 
1857 through August 1858, and then the Overland 
Mail Company from September 1858 through June 
1861. Establishment of the overland mail consti-
tuted the first communications and transportation 
link across the continental United States, and the 
ranch house served as an important stage stop. The 
ranch passed through several owners and was used 
to raise horses, sheep or cattle. The land continues 
today as a cattle ranch. (Fig. 1).

3 DESCRIPTION OF THE BUILT 
RESOURCE

The Ranch House is an almost square adobe build-
ing consisting of a central one and a half story wing 
with a tapanco style attic, and shed roofed wings 
added to the north and south sides. Overall, the 
building measures 41 feet 9 inches by 46 feet. (Fig. 2). 
The roof was originally covered with wooden shin-
gles and later with corrugated sheet metal. A 6 foot 
wide veranda (covered porch) attached to the north 
side was temporarily removed in 2004 as part of sta-
bilization work on the building.

The original Central Wing is a two room adobe 
building measuring 18 feet 7 inches by 41 feet 9 
inches. The North Wing and South Wing additions 

Figure 1. Ranch House at Warner•s Ranch and Barn 
Complex in the early 1890s (Photograph courtesy San 
Diego County … Parks).
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are also 41 feet 9 inches in length. The South Wing is 
14 feet wide, and the width of the North Wing is 13 
feet 7 inches. Each has three rooms. All the rooms 
had wooden floors in various states of disrepair. 
In order to accommodate the northerly descending 
slope the floor of the northern wing is approximately 
22 inches lower than that of the Central Wing.

All walls were made of adobe block with stone 
foundations. However, several features in the 
building give testimony to a long, multi-phased, 
and complicated structural evolution. On the east 
end of the building the walls of the Southern and 
Northern Wings were pulling away from the Cen-
tral Wing, indicating that the center two-room 
section was built first and the north and south por-
tions were added to it as separate construction epi-
sodes. In the east wall of the North Wing, at least 
5 different building episodes could be documented 
in the various layers of adobe block (Fig. 3). Along 
the south and west sides of the South Wing, the 
original adobe walls were either removed or badly 
eroded during the late 19th or early 20th centuries 
and replaced with a crude wooden frame covered 
with board and batten siding. During the late 19th 
century, two wood framed room additions were 

built onto the west side of the Ranch House. These 
had been removed by the late 20th century.

During the mid-20th century the building was 
used as a ranch bunk house. It was abandoned in 
the 1960s and fell into a state of general disrepair. 
By 2004 the adobe house was in a very deteriorated 
condition and in danger of collapse. Walls on the 
north and east sides as well as the northern porch 
had fallen. Exposed portions of the remaining 
adobe walls were eroding. Repairs with incompat-
ible materials had accelerated rising damp and had 
caused further erosion of the adobe walls. (Fig. 4)

4 THE FINDINGS AND QUESTIONS 
OF THE STUDIES

4.1 1997…1998 HABS Study

With the known historical background and the 
local lore that the resource had been built upon the 
exact foundations of the destroyed trading post 
built by J.T. Warner, the research team began their 
analysis of the resource. All members of the team 
were curious to see the evidence of the 1851 fire. To 
the team•s surprise and bewilderment, no evidence 
of either a substantial fire or of sequential building 
on the ruins of prior walls could be found. Observ-
able construction history of the building showed 
that the ranch house started as a two-room struc-
ture which matched the descriptions of the trading 
post; adding support to the contention that the cur-
rent ranch house was the former two room trading 
post. Regrettably, at this time the budget had not 
allocated for archaeological testing. So while the 
building was thoroughly documented, the origin 
of the building was still indeterminable.

4.2 The 2003…2004 HSR, stabilization
and archaeological study

Having left the site in 1998 with both unanswered 
questions and a seriously deteriorating struc-
ture highly susceptible to seismic damage, the 
team was eager to help the owners find grants to 
finance further work on the resource. The funds 

Figure 2. The Ranch House about 1910. Note the 
board and batten siding on the south side behind the car, 
the sheet metal roof, the well maintained white wash exte-
rior, the stone facing along the base of the east side and 
the concrete mortared stone steps (Courtesy San Diego 
History Center).

Figure 3. Detail east wall of the North Wing at least 5 
different building episodes could be documented in the 
various layers of adobe block (Ione R. Stiegler).

Figure 4. East facade as found condition (Roy Coox).
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were  identified and the work effort was budgeted 
to include the temporary and permanent seismic 
stabilization of the adobe ranch house, the preser-
vation of the associated wooden and adobe barn 
and initial archaeological test excavations.

The hope of the team was that, with judi-
cious placement of test pits (units) alongside the 
original two-room structure•s foundations, an ash 
layer would be found and confirm the origin of 
the building as that of the trading post that had 
burned. Test pit after test pit was dug, revealing 
many interesting aspects of the building, but find-
ing no evidence of ash from the 1851 fire. The mys-
tery of the origin of the ranch house continued.

4.3 The 2010…2011 restoration/archaeological 
study

The team and the owner acquired a third round of 
funds for the final step of the restoration. Included 
in the funding was archaeological testing at both 
the current resource, the ranch house and at a 
nearby site thought by some to be the Jonathan T. 
Warner Trading Post and Store Site. (Fig. 5). Com-
plete details were described in an unpublished two 
volume report entitled, Two Forks In The Road: 
Test Excavations Of The Ranch House At Warn-
er•s Ranch (Warner„Carrillo Ranch House) and 
Site of Jonathan T. Warner•s House and Store by 
Stephen R. Van Wormer and Susan D. Walter of 
Walter Enterprises in July 2011.

4.3.1 Ranch house research design and results
The archaeological research program had two 
distinct areas of focus. One was the examination 
of the Warner•s Ranch House. The other was 
directed at characterizing the remains at the poten-
tial Jonathan T. Warner Trading Post and Store 
Site. Specifically, the excavation and analysis pro-
gram focused on two research issues for the ranch 
house.

1. To determine if  any association or identification 
of the building as the Trading Post of Jonathan 
T. Warner and his family from 1849 to 1851, 
and its destruction by fire could be established.

2. To acquire data about the structural evolution 
of the building, focusing specifically on founda-
tion construction and the presence of packed 
earthen surfaces or floors on the inside of the 
building under the present wooden floors.

4.3.1.1 Foundations and Findings
The long history of the Ranch House evolution 
is apparent in several features encountered during 
excavation. The foundations document a building 
that expanded over a period of time. Although all 
are cobble or field stone footings typically used for 
supporting adobe block walls, each is different. On 
the south wall, smaller water worn cobbles make 
up the bottom course of stones with larger water 
worn granite cobbles on top. On the center wing 
in the Entry Room, a single course of irregular 
shaped granitic field stones was used. On the north 
wall the bottom course of the foundation is made 
up of large granite field stones that show little wear 
from water, with smaller water worn cobbles in the 
top course. The three distinct ways in which these 
foundations were assembled strongly suggest that 
they were not built by the same individuals, and 
certainly not at the same time.

In addition to wall foundations, interior exca-
vations revealed remains of early floors and sur-
faces. In the Entry Room (101), two earthen floors 
and a wooden floor constructed with square nails 
give testimony to the extended use of the Central 
Wing. A lower packed earthen floor was the origi-
nal floor in this room. It was later replaced with 
a second upper packed earthen floor. Finally, the 
current wooden floor was put in. The fact that it is 
constructed entirely with square cut nails strongly 
suggests that it was built before the early 1890s and 
certainly dates it before 1910.

Excavation in the interior of the south wing 
uncovered a cobblestone and mud mortar grouted 
floor in Room 103. In Rooms 102 and 103, compact 
surfaces were found below a layer of loose sandy 
soil unlike the packed earthen floors in Room 101, 
these layers consisted of the packed light brown-
tan sandy loam soil found throughout the site. 
Excavations inside the North Wing uncovered the 
remains of a packed earthen floor in Room 107.

Finally, it should be noted that such improve-
ments as wooden floors, stone facings on the base 
of the east and west wall, and board and batten 
siding along the south and west sides of the south 
wing appear to be part of a general rehabilitation 
of the building that can be documented by its 
appearance in photographs taken during the 1890s 
and first decade of the 20th century. It would 
appear that during the Vail ranch period beginning 
in 1888, the building was rebuilt as a family home 
for the company•s foremen and achieved its current 
configuration and appearance.

Figure 5. Ranch house and Barn Complex 1894. Note 
the hill beyond the Ranch House and the Barn (Photo-
graph courtesy San Diego History Center).
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Artifact activity profiles for the South and Cen-
tral Wings were dominated by munitions, house-
hold, and garment items. Conditions of the soil 
layers where the artifacts occurred preclude a defi-
nite direct association between the material and 
the activities that occurred in these rooms. In the 
North Wing artifact activity profiles were domi-
nated by hardware, personal, garment and con-
sumer items.

The most significant artifact concentration 
found on the exterior of the building was in Unit 
04…8. Artifacts included consumer, kitchen, gar-
ment and household items as well as building 
materials. In addition, various pieces of Native 
American pottery were found as well as a stone 
mano, and a stone metate fragment. This assem-
blage was dominated by kitchen items, followed by 
household items, lithics and hardware. The deposit 
appears to be a kitchen and household refuse pit 
dating from the 1860s when the Carrillo family 
occupied the Ranch House. It contained the same 
types of materials and similar activity profiles as 
refuse deposits from the same period encountered 
at the J.T. Warner Trading Post and Store Site.

Finally, no evidence for the occupation of this 
site or the building by the Jonathan T. Warner fam-
ily from 1849 to 1851 was encountered. There were 
no substantial artifact deposits dating from this 
time period and no evidence of a significant fire 
that could be attributed to the Indian attack and 
destruction of Warner•s house and store in 1851.

4.3.2 Jonathan T. Warner Trading Post and Store 
Site Research Design and Findings

At the Jonathan T. Warner Trading Post and Store 
Site the excavation and analysis program focused 
on the following research issues:

1. If  any association or identification of the 
Ranch House building and site as the residence 
of Jonathan T. Warner and his family from 1849 
to 1851, and its subsequent destruction by fire 
could be established?

2. What archaeological features remain?
3. If  a features period of construction and use 

could be identified?
4. What artifact deposits remained?
5. If  the artifacts period of deposition/use could 

be identified?
6. What the resources can tell us about domestic 

lifestyles, economic and social activities?
7. What comparative relationships between other 

archaeological collections in Southern Califor-
nia can be demonstrated for the middle of the 
19th century?

The data recovered as a result of the above 
research goals was combined with the archival 
research data to identify and describe 1) site func-

tion and evolution, 2) architectural methods and 
traditions, and 3) ethnic, social, and economic 
influences at both sites.

In 2004, a survey was made of the knoll directly 
north of the Ranch House at Warner•s Ranch on 
the north side of Buena Vista Creek, where Dep-
uty Surveyor William Reynolds recorded ruins in 
1870 identifying them as the location of Jonathan 
T. Warner•s Trading Post and Store Site. A number 
of features were visible at the time; A series of 
mounds and depressions, small former reservoir, 
a rectangular cobble foundation that measures 
approximately 15 by 20 feet and was open on the 
south end, potentially the former blacksmith shop. 
Two 3 by 3 foot test units were excavated in the area 
between the reservoir and the cobble foundation 
where gophers had brought artifacts to the surface 
in order to obtain a sample that might provide 
some possible dates for the site•s occupation and 
give some insight into the activities that occurred 
there. The units were excavated in 6-inch levels 
and terminated at 12 inches below the surface on a 
naturally occurring layer of dense cobbles. A sheet 
deposit of kitchen refuse was identified but results 
were inconclusive concerning the dates of deposi-
tion (Van Wormer and Walter 2004, 2008).

In 2010 the site was again surveyed and a map 
prepared. The site covers the flat knoll top, cov-
ering an area approximately 190 feet east-west by 
172 feet north-south. Nine features were ultimately 
identified through survey and excavation (Fig. 6).

To summarize results of  archaeological inves-
tigations at the Jonathan T. Warner•s House and 
Store Site, the remains represent a large com-
plex of  buildings. Due to the limited amount of 

Figure 6. Field map of features identified at the J.T. 
Warner•s House and Store Site in 2010. Courtesy Stephen 
Van Wormer.
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 testing that occurred at all of  the features except 
F, findings are tentative and somewhat ambigu-
ous. Originally built and occupied by J.T. Warner 
and his family, the site appears to have been 
reoccupied after Warner abandoned it following 
its destruction by the Indians in 1851. This con-
clusion is based on the discovery of  two packed 
earthen floors in southwest portion of  Feature 
B, and the deposition of  artifacts manufactured 
after 1851 in Feature F. As a result of  this reoc-
cupation, more work is necessary before it can be 
determined what parts of  the complex originated 
with Warner and what are the results of  later 
rebuilding.

5 SUMMARY

The restoration of the Ranch House thoughtfully 
reconciled the rigorous Secretary of the Interior•s 
Standards for Restoration with the State of Cali-
fornia•s Historic Building Code and Americans 
with Disabilities Act (ADA) requirements. After 
decades of neglect, the effort required rebuilding 
missing adobe and wood framed walls, as well as 
roof features. This was all accomplished while sav-
ing as much original material as possible, such as 
the wooden ceiling beams, original interior paint 
surfaces, doors and walls; retaining historic fab-
ric being a crucial element to a restoration of a 
national landmark. While long lost features were 
re-exposed, such as the original cobble stone floor 
paving, new features such as a fire suppression sys-
tem and seismic stabilization were intricately laced 
into the resource. (Fig. 7).

For many decades it was believed that J.T. 
Warner had built the original portion of the Ranch 
House at Warner•s Ranch. This was based on the 
fact that the Ranch House was precisely at the fork 
in the road to San Diego on what was then recog-
nized as the Overland Trail. It therefore was a per-
fect match for the descriptions of Warner•s trading 
post (Wright 1961). However, it can now be con-
clusively proven through interdisciplinary archi-
tectural documentary and archaeological evidence 
that the Carrillos built the original portions of the 
current Ranch House at Warner•s Ranch (Warner-
Carrillo Ranch House) in 1857. It was built on the 
south side of Buena Vista creek directly opposite 
the site of J.T. Warner•s burned out trading post 
and store on the north side of the canyon (Flani-
gan 1996; Reynolds 1870).

The interdisciplinary approach of architecture 
and archaeology used in this study is easily repro-
ducible with other earthen architecture projects. 
The archaeologists trained eye in reading the 
nuances of shifts in a soil•s layering is paramount 
for projects of this type.
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ABSTRACT: At least since the end of 18th century vernacular architecture in historic Czech lands 
was not created without the participation of trained craftsmen. Due to the statutory obligation to sub-
mit building plans since 1787 followed by first building codes 1833 and 1835, it was designed, if  not by 
architects, then by master builders or trained master masons. The work of the master builders (stavitel 
in Czech, Baumeister in German) was naturally influenced by numerous state regulations on one side 
and requirements of their clients on the other side. Thanks to their training they became familiar with 
contemporary treatises on construction and from their practice with local building traditions. Thus they 
played also an important role in the diffusion of earthen constructions and provided Czech and Moravian 
villages and small towns with numerous new earthen structures. The way, how they were dealing with 
tradition in case of new constructions as well as in case of interventions in existing building stock, may 
become a lesson for us in our efforts on sustainability.

in vernacular construction. Among them Josef 
—uta, caught our attention by the quality and evo-
lution of  his work gradual merging with tradition 
(Eliá• et al. 1994). Our study of  the work and life 
of  Josef  —uta would not be possible without the 
contribution of  our colleague, ethnologist Helena 
Beránková.

2 TRADITIONAL CONSTRUCTIONS

The traditional building construction manifesta-
tions of historic Czech lands are similar to those 
of other Central European countries, with whom 
they share since 16th century the history of the 
Habsburg monarchy.

2.1 Building materials and techniques

Leaving aside the archaic underground or semi-un-
derground dwellings dug out in soil, the predomi-
nant building materials and techniques were:

Š wood used in timber framed walls (hrázd
ní) in 
progressively growing area of northwest Bohe-
mia and Silesia

Š corner-timbered constructions with horizontal 
timbers connected by corner notching (roubení) 
predominantly present since medieval period in 
the whole region

1 INTRODUCTION

In recent years specialists of historic structures 
sur vey largely contributed to the studies on ver-
nacular architecture, for which the Czech language 
uses since the period of the Czech National Revival 
of 18th…19th centuries the term lidová (folk or pop-
ular) architecture. In recent decades the original 
plan documentation has become one of the major 
sources for these studies. The works of Martin Ebel 
enabled also better understanding of the legislative 
back ground of vernacular constructions in spe-
cific con ditions of historic Czech lands (Bohemia, 
Moravia and Silesia) as a part of Austrian Empire 
(Ebel 2007, Ebel & —kabrada 1996).

The presented paper is based on a series of  his-
toric structures analysis that we elaborated for 
pro tection reserves and zones in southern and 
central Moravia. According to established meth-
odology of  surveys of  historic towns and villages 
a short report was prepared for each element in 
surveyed area in cluding description, analysis of 
architectural evolu tion (dating) and evaluation, 
recommendations for listing and future interven-
tions. Exceptionally well-preserved archives of 
building offices of  Uherské Hradi•t�, Uherský 
Ostroh (distr. Uherské Hradi•t�) and P�íkazy 
(distr. Olomouc), enabled us to learn in detail the 
work of  several master builders (stavitel in Czech, 
Baumeister in German), who were key factors 
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Furthermore, especially in later periods, masonry 
made of hard materials, stone and bricks, was used.

2.2 Preserved building stock

The age of the majority of the preserved build-
ing stock of our villages and small towns does not 
ex ceed the end of the 18th century.

Compared to earlier periods, it is already influ-
enced by many factors re lated to the activities of 
the modern state. However, even in this period, in 
most of the regions until the mid 20th century, tra-
ditional materials and techniques in a rural envi-
ronment largely survive.

3 STATE INTERVENTIONS SINCE THE 
END OF THE 18TH CENTURY

3.1 Regulations associated with fire protection 
and with lack of timber

The reforms of Mary-Therese and her son Joseph 
II and following state interventions including 
first building codes, regulations against fire and 
repeated interdictions of wooden constructions 
undoubtedly played important role in spread of 
earthen constructions and later also brick masonry 
in Czech and Moravian regions.

At their beginning is the fire patent for Mora-
vian margraviate and for Bohemian kingdom from 
1751, followed by patent for extinction of fires 
(1755), fire order of the emperor Josef II for Bohe-

Figure 1. Franz Grisselini: Standardized houses pro-
posed for the recolonisation of Banat in 1780; A„rammed 
earth, B„wattle and daub, C„adobe, D„bread-shaped 
pieces (glebis„války ) (Moravian Library).

Figure 2. P. Malík: P�íkazy, distr. Olomouc, plan for extension of farm; 1864 (Archive of the village P�íkazy).

Š daubed earth used in conjunction with wooden 
support

Š massive earthen walls built using cob, stacked or 
coffered bread-shaped pieces„války and adobe, 
present with the exception of unbaked bricks in 
the traditional region of southern and central 
Moravia.
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mian kingdom (1785), fire order for countryside, 
towns and villages in Moravia and Silesia (1787), 
decree of general obligation to submit the plans of 
building construction (1787), general prohibition 
of wooden constructions (1816), decree authoriz-
ing peasants to produce bricks (1819) and orders 
of the construction for kingdom of Bohemia and 
margraviate of Moravia (1833, 1835). These slowly 
and with difficulty enforced regulations set out 
technical details of use of clay for fire protection 
purposes and conditions under which it is possible 

to build massive earthen constructions (construc-
tion purposes and location, wall thickness, height 
of plinths) (Ebel 2007).

The development was influenced also by chang-
ing relations between lords and peasants after the 
serfdom abolition in 1781 and finally after 1850, 
when peasants lost access to the construction tim-
ber from dominical forests, and the decrease of the 
forests in general.

3.2 Obligation to submit plans and building 
permission

General obligation to submit plans of building 
con struction represent important part of Mary-
Therese and Joseph II reforms that affected build-
ing pro duction. By the decree from 1787 anyone, 
who in tended to start new construction, had to 
submit a thorough and clear representation of the 
building to the authorities of the domain, who 
had to examine and confirm it, in case of need 
correct it and also interrogate the neighbors and 
settle eventual con flicts. The details of the build-
ing condition and con trol are then specified in the 
first building codes of 1833 / 1835. Its regulations 
concerned not only new buildings, but also recon-
structions and repairs. Pur suant to these codes 
the form of building plans and protocols was sta-

Figure 4. Josef —uta: Uherský Ostroh, distr. Uherské Hradi•t�, plan for the construction of new house for the tailor 
—ebesta; 1902 (State District Archives Uherské Hradi•t�).

Figure 3. Uherský Ostroh, distr. Uherské Hradi•t�, 
main square of the town; postcard from the early 20th 
century (private collection of authors).
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Figure 6. Antonín Mrkva: Plan for standardized post-flood house for Uherský Ostroh and Kunovice; 1911 (State 
District Archives Uherské Hradi•t�).

Figure 5. Uherské P�edm�stí, distr. Uherské Hradi•t�, 
farm house No. 30 designed by Josef —uta (Zuzana 
Syrová).

bilized. Since 1845 two copies of plans should be 
submitted with the application, from which one 
was archived. Building commission with the par-
ticipation of the builder, neighbors, representatives 
of the municipality (usually mayor and local doc-
tor), of the domanial (since 1850 state) authorities 
and independent master builder. The commission 
examined the plans and after the in spection of 
construction site drew up a protocol summarizing 

the documentation, project, eventual reclamations 
and corrections. After completion of the construc-
tion the same commission elaborated fi nal building 
approval. With the end of patrimonial adminis-
tration in 1850 the competencies of con struction 
supervision were transferred from the domanial 
authorities to the district offices and from 1864 to 
1942 for private buildings to the municipalities.

4 BUILDING PLANS

Plans for the buildings that we consider as ver-
nacular, could be made already before 1787. It is 
mainly the case of imperial and royal, so called 
chamber, estates. These plans were drawn directly 
by the engineers of the chamber office. We can 
find among them interesting plans of standard-
ized buildings, foremost schools. Mention should 
be made here at least of the resettlement of the 
villages demolished due to the building of the 
fortresses Te rezín (Theresienstadt) and Josefov 
(Josephstadt). Master carpenter Josef —i•a drew 
up in 1783 stan dardized plans for three categories 
of villagers (farmers, gardeners and cottagers), all 
designed yet as fully timber-cornered.
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In the context of the Austrian monarchy we find 
an example of standardized earthen houses pro-
posed for the recolonisation of Banat on the Franz 
Gris selini•s •mapŽ from 1780, which shows basic 
types of techniques: rammed earth, wattle and daub, 
adobe and bread-shaped pieces (glebis„války ).

The decree from 1787 as well as the first build-
ing codes were really applied in rural conditions 
with certain delay. At the turn of the 18th and 
19th century we find mostly the plans of the build-
ings of doma nial farms. Thus in case of Ostrožské 
P�edm�stí, suburb of Uherský Ostroh, plans of 
several buildings belonging to Liechtenstein farm 
are conserved from this period.

In the middle of 19th century the building con-
trol has become an established practice, so that, if  
the ar chives of the building offices are preserved, 
we can find plans for most of the rural construc-
tions newly built or reconstructed in this period.

Plan themselves were drawn by pen, less often by 
pencil. Colour legend distinguished existing gray 
constructions, those to be demolished were coloured 
in yellow and new constructions in red. Meaning of 
the colours was thus stabilized around 1825.

5 MASTER BUILDER AND MASTER 
MASON

Only a trained master builder graduated obligato-
rily since 1810 from the polytechnic school, or under 
certain circumstances also a trained master mason, 
was responsible for the construction and was enti-
tled to draw up plans for building permission.

5.1 Education and training

Master mason, eventually master carpenter, achieved 
his highest education in the guild. Their plans reveal 
untrained authors, who are often uncer tain when 
drawing more complex structures (facades of houses 
with multiple wings or staircase of storey house).

Figure 7. Ostrožské P�edm�stí, distr. Uherské Hradi•t�, 
house of the new quarter built after the flood in 1911 
(Zuzana Syrová).

Master builder could obtain necessary educa-
tion in Wien or Prague, where the Royal Nobil-
ity Engi neering School was founded in 1718. Its 
successor, the Polytechnic Institute was divided in 
German and Czech one in 1869.

The Imperial Czech Technical University of 
Franz Joseph in Brno was founded only in 1899.

There master builders became familiar with 
con temporary treatises on construction, which 
consider ably influenced the building production 
of the whole 19th century.

5.2 Treatises on construction

Contemporary treatises on construction, builder 
handbooks and textbooks of technically oriented 
secondary school deal with the constructions of 
wood, stone and clay (Lengerke 1838, Gabriely 
1861). The first treatise written specifically with 
regard to building in small towns and villages, was 
pub lished in 1840 simultaneously in German and 
in Czech by Johann Philip Jöndl (Jöndl 1840a, b), 
who in this work paid special attention to timber 
framed and timber corned wooden construction, 
rammed earth (Pisé-Bau), unbaked bricks and 
stone masonry.

In the case of construction for his rural clients 
master builder becomes a connecting link between 
contemporary publications and local building 
tradi tions.

5.3 Building business

Master builder after completing the usual practice 
in the company of one of his already established 
col leagues could devote himself  to a career of 
building officer and/or start his own business. Part 
of his production might be speculative, built in his 
own ac count and sold after completion.

5.4 Josef —uta (1863…1941), one example for all

We know little about his private life, which he spent 
in Uherský Ostroh in Southern Moravia. After his 
studies at polytechnic school, he worked in the 
of fice of master builder Josef Schaniak in Uherské 
Hradi•t�. He might meet there famous architect 
Du•an Samo Jurkovi�, who made his practice in 
the same office.

—uta designed in Hradi•t� several conventional 
historicist villas. After his return to Uherský 
Ostroh he becomes practically the only builder 
in this small, although originally royal, town and 
designs and con structs hundreds of buildings in 
Uherský Ostroh and its surroundings.

Among the urban buildings, mention should be 
made here at least of the plans for reconstruction 
of rammed earth houses on the main square of 
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this town. He incorporated existing earthen walls 
of till then mostly single storey houses in the new 
repre sentative two storey buildings with classicist, 
his toricist and Art Nouveau facades.

In his projects for the farms in the suburbs and 
surroundings of Uherský Ostroh we can observe a 
gradual inclination to tradition.

It is manifested inter alia in the description of 
rooms, for which he begins to use the traditional 
names in his plans (e.g. jizba instead of pokoj for the 
main living room). He returns also under the influ-
ence of his clients to the traditional layout of the 
farms. By comparing plans with preserved buildings 
we also know, that he largely uses traditional earthen 
building techniques of his region, especially unbaked 
bricks. He uses them also in case of the houses built 
in his own account. The most important of them 
are the houses constructed in the new quarter of 
Ostrožské P�edm�stí built after a catastrophic flood 
in 1911. The master plan of this quarter, founded by 
prince Liechtenstein was designed by Antonín

Mrkva from the provincial building office, who 
is also the author of plans of standardized houses, 
with small porches (žudro) inspired according to 
the folklorist move ment by traditional architec-
ture. Houses in this quarter designed by Josef —uta 
are despite their outward appearance closer to the 
tradition by their layout, building materials and 
construction details.

Josef —uta usually elaborated several variants of 
facades of designed buildings and flexibly adopted 
contemporary trends in architecture.

His work is thus remarkable for architectural 
qualities of the design as well as for the merging 
with tradition.

6 CONCLUSIONS

Since the late 18th century the architectural produc-
tion of the Bohemian and Moravian countryside 
was no more vernacular in terms of •architecture 
without architectsŽ and had to reflect the require-
ments of state regulations.

Building protocols and plans from that period, 
yet only fragmentary explored, represent an excep-
tional and promising source for better knowledge 
of this architecture. They attest humble and intel-
ligent approach of master builders to their client 
needs and to the building traditions. Findings of 
historic building surveys and study of these plans 
show that:

Š clients had traditional and modest requirements 
regarding the spatial layout of the house and 
farm buildings

Š master builder respected tradition in terms of 
lay out, constructive culture, use of local materi-
als and urban context

Š in case of reconstructions he incorporated exist-
ing constructions

Š he flexibly adopted new ideas from Vienna, but 
reflected them only in the external appearance 
of buildings with representative street facades

In wider context one of the consequences of the 
uniform building control and uniform education of 
master builders in the whole Austrian, later Austro-
Hungarian, monarchy, was the gradual disappear-
ance of regional character traits. Rural buildings in 
South Moravia have the same appearance as those 
in neighboring Lower Austria or in far-distant 
Transyl vania or Slavonia. On the other hand, the 
conditions of the legislation and the education of 
master builders together with the demands of their 
rural clientele allowed the survival of traditional 
building materials, traditional layout and spatial 
arrangement of farm buildings and villages.

Adaptability of master builders and their creativ-
ity gave birth to a remarkable architectural heritage 
of the last stage of traditional rural archi tecture.

We can learn from the master builders, that 
re construction does not necessarily accompany 
the complete demolition of old buildings and tra-
ditional materials and building techniques are also 
applicable in modern times.
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ABSTRACT: The heritage of vernacular settlements in Western Anatolia is quite distinctive in that 
reflecting both lifestyle and architectural features of the 19th century. Preservation of these traditional 
settlements is an important issue of cultural heritage politics whereas they are getting abandoned by the 
effect of contemporary life conditions. Darkale, which is also at risk of abandonment, is a very unique 
vernacular settlement located in Western Anatolia. It is subject of the paper in that carrying its traditional 
landscape and structures to today as the evidences of traditional construction system and traditional 
material use. The paper will explain the architectural features and define construction system of structures 
in traditional Darkale Settlement.

load bearing walls made of stone are usually sup-
ported with horizontal wooden elements (beams 
and lintels) called as •HatšlŽ while floor and roof 
construction are made of wood.

Traditional buildings constructed with timber 
frame and infill system; in this technique, ground 
floor is usually constructed with masonry load 
bearing walls while upper floor(s) are constructed 
with timber frame system that varies according to 
the use of different infilling materials. Most of the 
time selection of the infill/covering material selec-
tion depend on the regional factors that mentioned 
before. Without any infill material, the outer surfaces 
of walls are covered by lath plaster work or wood 
which is called as •bagdadiŽ construction technique. 
When with mud brick infill is used wall surfaces are 
plastered. Infill material can be different such as, 
timber, stone, brick or stone and brick together, and 
it is called as •hšmšsŽ construction technique.

Darkale is a vernacular settlement, located on 
western part of Turkey, dating back to 19th cen-
tury. This settlement is located near a bigger town 
called Soma and has a small amount of abandoned 
traditional timber framed houses.

Preservation of traditional settlements is an 
important issue of cultural heritage politics 
whereas there is a tendency to move new areas or 
to build new apartment buildings by demolishing 
•oldŽ ones among the owner of the houses. Such 
traditional settlements are small towns located 
near bigger towns or city center. By the time, they 
have been getting empty by the effect of the migra-
tion of occupants (most of the time younger ones) 
from small towns to big cities to get better educa-
tion opportunities and/or jobs, because of the fact 

1 INTRODUCTION

The classic typology of Turkish house is the rooms 
as the living spaces of one family open to a main 
hall named as •sofaŽ bringing forth the strength 
and the privacy of the relations and bonds within 
a family. This is the main fact that is preserved in 
a Turkish house, Turks• being a •family basedŽ 
community (Tanaç, 2007). The relations with the 
street, or in other words •the communityŽ shaped 
and formed the vernacular settlement. High garden 
walls with an organic formation of the streets and 
roads according to the topographic criteria is the 
mostly seen part of a vernacular settlement. The 
ground level is formed by the organic development 
of the streets where the upper levels are built with 
wooden frame structures forming a 3rd dimensional 
accent (Küçükerman, 1995, s. 76) (Tanac, 2007).

The construction principles of Turkish House 
is mostly the same but cultural details may vary 
according to location of the settlement. (Tanac, 
2007).Climatic conditions, flora of the region, tech-
nical limitations and/or traditions can be counted 
as factors influencing the choice of construction 
materials and techniques. Also, the timber skel-
eton system with various infill materials is used to 
identify the •Turkish HouseŽ (Günay,1998, p. 22). 
(Günay, 2007) The houses can be classified in two 
main construction techniques that used alone in 
some regions but often used together in the west-
ern part of the Anatolia.

Masonry construction (Traditional buildings 
that constructed with load bearing walls); con-
struction materials can be stone, timber, mud 
brick, brick or brick and stone. In this technique 
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that, they are not willing to or don•t have opportu-
nity to deal with agriculture or work in traditional 
manufacturing facilities. In addition, the incompat-
ibility of traditional houses today•s life conditions 
induces abandonment of the houses/settlements.

Darkale is also suffering from abandonment prob-
lem because of two main reasons; end of production 
in the local •gazozŽ (fizzy drink) plant and there have 
been new job opportunities in production of lignite, 
brown coal mine plant in Soma county. Today some 
elderly occupants are living in the town.

2 DEFINITION OF THE CASE: DARKALE 
HOUSES

The vernacular settlement is very small in scale. 
Three main streets establishing according to the 
topographic features are the only distribution axes. 
The main square of the settlement (Figure 1) is 
separated physically from the historical housing 
pattern by a very steep slope. The scene of the his-
torical pattern when viewed from the village square 
is very impressive.

The vernacular settlement of Darkale, is a typical 
classical Ottoman settlement with its features like, 
the organization of the houses on the topography, 
their architectural styles, street pattern and the land-
building relationship. All of the houses are located 
on the topography in south-north direction facing 
the plain, each are placed one and another according 
to the slope, not avoiding sun, wind and view features 
(Fig. 1). The street pattern has been shaped accord-
ing to the topographic data; the narrow and organic 
shaped street pattern is paved with local stone.

There are two unique Mosque Buildings remain-
ing in the settlement named as •KirkolukŽ and 
•MinareliŽ Mosque. There is also a third mosque 
building remaining in the settlement, differentiat-
ing from the two unique ones in scale, which is con-
verted from a house. The Kirkoluk Mosque which 

is placed in the town square (Fig. 2) is the biggest 
one and still in use, while the Minareli Mosque is 
remaining as the evidences of the past.

The lower floor of the traditional houses holds 
the Hayat. It is the circulation and distribution 
space. The high thick stone masonry walls hiding 
the Hayat space from the street, forms the street 
facades. The upper floors are organized with outer 
sofa house type with timber construction system. 
The rooms and the sofa of the upper floors are 
projected to the street; these projected spaces made 
of timber construction are the important features 
of the vernacular settlement.

2.1 Houses

Local factors, land features, restricted status of the 
building materials, have turned this houses which 
can be defined as mountain or plateau houses 
into simple, unique and historical structures. The 
characteristic layout of the settlement is that all 
the houses are located side by side facing organic 
established street according to the topographic 
properties, like a defense wall.

Most of the houses are two-storied houses; the 
lower floor is the hayat space. Some houses have 
mezzanine floors, and the mezzanine floor can 
be reached from the Hayat Space by a wooden 
staircase.

The houses are organized with an outer sofa 
scheme similar to other traditional settlements 
of the region. A wooden staircase leads one from 
Hayat space to upstairs where the outer sofa locates. 
Sofa (hall) is the main circulation and distribution 
space. Rooms are multipurpose spaces often with 
an elevated platform that was used as a seating 
area by day and a place to lay sleeping mattresses 
by night. The main private unit, and designed 
according to ergonomic requirements There may 
be differentiations of room use including: summer/
winter rooms. Summer rooms are mostly placed on 

Figure 1. Street Pattern (Authors).
Figure 2. View of the mosque in the square„Kirkoluk 
Mosque (Authors).
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the upper floors with larger openings to street or 
courtyard, and the winter rooms are placed mostly 
at ground floors with smaller openings and thick 
walls (Asatekin, 2005, s. 407). Surfaces of the rooms 
are carefully designed both horizontal and vertical 
surfaces are designed to express the hierarchy of the 
space. There may be fireplace, closets in the rooms.

Doors are made of timber, and they are gener-
ally ornamented depending on the quality of the 
space behind. The doors of the courtyards are very 
simple and have two wings. Windows are made of 
timber as well. They are very unique and simple 
and they have rhythmic fenestration orders. Win-
dows may have wooden shutters (Tanaç, 2007). 
Windows are quite small in order to preserve pri-
vacy, and also due to the limitations of materials, 
and construction technology.

2.2 Construction system of the houses

The construction system of the houses is a stone 
masonry wall system supported by horizontal tim-
ber elements on the lower walls, and timber frame 
system with masonry infill such as bricks or stones 
on the upper floors which can be defined as a 
mixed system (Figs. 4…5).

Houses are different in size most probably by 
depending on the number of members and income 
level of the family. When comparing with the similar 
settlements on the region, construction technique of 
the houses is quite simple. They are non-engineered 
structures that are constructed by a mixed technique 
that limited with the capability of local materials 
and the help of minimum of nails and fasteners.

The wooden members of structural system may 
not have certain section dimensions and shape 
because of the simple construction technique in the 
settlement. It is also quite common to see wooden 
elements with its original circular shape in section 
is used as floor or roof beams.

The wooden structural elements within this 
mixed type of construction can be classified as;

 Timber Frame (posts, beams and diagonals)
 Hatšls and Lintels
 Projections
 Roof and Floor system
 Timber Building Components

The timber frame system is constructed on 
50…70 cm thick masonry walls. The masonry 
base (ground floor) fits the shape of the land on 
which the building is located, and the upper floor 
is  constructed in a regular geometrical shape with 

Figure 3. A typical house (Aurhors).

Figure 4. Masonry load bearing walls and wooden 
frame construction (Authors).

Figure 5. The houses in the settlement. Yellow shows 
the mixed construction typed houses (Authors).
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a timber frame construction (Fig. 6). The timber 
sole plate(s) are placed on the inner or/and outer 
edges of the load bearing walls of ground floor. 
Usually free-standing posts in the semi-open cir-
culation spaces (hayat) are connected horizontally 
to the main beams, forming a base for the upper 
floors. In the upper floors, Posts (studs) are placed 
on a timber beam which is called as the sole plate 
as a base on the masonry wall.

Generally, with a dimension of  10/12 or 
12/12cm posts installed in approx. 1 meter dis-
tance with each other on sole plate. These posts 
are also connected with a wooden beam on the 
top level which is called as the top plate. These 
posts are supported with the secondary diagonal 
timber elements with 8/8 cm dimensions. In the 
cases of  a need of  openings such as windows or 
doors, secondary posts are used for to obtain the 
necessary area for the openings. Two secondary 
timber beams, one in the bottom of  the open-
ing and one at the top of  the opening (lintel) 
are used to obtain door or window openings on 
the surface of  the wall. The walls are filled with 
stone to form the surface. The construction is 
plastered by •kštšklš sšvaŽ which is made of  mud 
and straw.

To construct the floor, the secondary floor 
beams (joists) are spaced at approximately 50…60 
cm intervals, parallel to the short side of the room. 
Then the floor is covered with a timber boarding 
which is nailed to the joists. Floor has an impor-
tant role against the lateral forces especially in case 
of earthquakes since it connects all the masonry 
walls of the structure as well as the roof.

The use of timber beams and joists are very 
similar in both floor and roof structure. The main 
difference is the slope of the roof.

The roof is purely structural. Construction 
of the roof is simply analyzed as a setting roof 
because it doesn•t cover an important inner aper-
ture of the house. The components of the roof 
consist of binding, a top plate, bracings, purlins 
and rafters. To construct a roof rafters are placed 
on the top plate of the frame. Rafters are con-
nected to the top purlin on top of the roof. This 
top purlin is supported by posts in approximately 
200 cm intervals. Like the floor rafters are covered 
with firstly a timber boarding, then tiles are placed 
on this timber layer.

Projection spaces are commonly used unique 
examples. Structural projections consist of prop, 
console with joist and overlapped console joists. 
Console joists were mounted on the sole plate 
which was placed on the curved brackets. Curvi-
linear props, known as •elibogrundeŽ are covered 
with laths or timber planks and produced in vari-
ous forms.

3 CONCLUSION

Darkale is a very unique vernacular settlement 
carrying its structures to today as the evidences 
of traditional construction system and traditional 
material use. All the structures in the settlement 
are art crafts of a structural system tradition devel-
oped and/or affected by the potential of local fac-
tors, land features, restricted status of the building 
materials as well as the practice, knowledge and 
experience level of local craftsmen. It is found 
that main issue is the preservation of existing tra-
ditional building stock in Darkale to make them 
compatible with the today•s conditions in order to 
sustain life in the area.
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ABSTRACT: One of the most common historical floor structures in the traditional architecture of east-
ern Spain is the jack arch floor, with either gypsum-poured or flat brick vaults. The decision on the type 
of reinforcement to be applied to these structures should be based on knowledge of the original technique 
employed for the construction of the floor as well as the materials and reinforcement options available. It 
is common to use a compression layer of reinforced concrete, while the use of timber compression layers 
of plywood panels is less frequent. Independently from other factors of physical, chemical and structural 
compatibility between these two options, this paper aims to compare the economic and environmental 
advantages and disadvantages of the timber compression layers and reinforced concrete compression 
layers. The analysis details the constructive process, material costs, time employed, sustainability of the 
materials used and other factors.

with wooden ribs and plywood boards is carried 
out here.

2 HISTORIC STRUCTURE TO BE 
REINFORCED

A comparison was made of the two reinforce-
ment solutions taking into account weight, cost, 
energy and CO2 emission for a hypothetical floor 
structure. The features of this hypothetical struc-
ture are the sum of average characteristics of real 
structures encountered in the numerous buildings 
surveyed by the authors during their work in the 
field of restoration, specifically in the Valencian 
Community (Figs. 1A, 1D).

The hypothetical floor structure where the two 
types of reinforcement are to be applied has an 
area of 4.5 m × 8.4 m and a structure made of 
14 joists and 14 vaults. In addition these joists and 
vaults supposedly have a maximum deflection of 
7 cm in the middle. In the real cases the deflection 
of the structure is not uniform: the central joists 
have a higher value compared to those closer to the 
side walls showing how the structure behaves like a 
membrane. The joists of the hypothetical scenario 
considered have a section of 12 cm × 19 cm and the 
vault has a span of 48 cm and a rise of 9 cm.

E. Connectors to the layer of concrete. F. Posi-
tion of lag screws. G. Plywood panels. H. Connec-
tion between plywood panels.

The joists tend to be made of solid wood, usu-
ally Black Pine (Pinus nigra), with a groove cut 
along the entire length of each of the two side 
faces in order to accommodate the vaults. In real 

1 INTRODUCTION

A conservative restoration of an entire building 
brings with it the will to reinforce the existing floor 
structures of timber beams and joists rather than 
replacing them. The main objectives of the restora-
tion process are: to repair the damaged elements, 
and most often to increase the load bearing capacity 
of the structures and in all probability to restore sur-
faces to their original flatness in case of deflection.

In eastern Spain the most common traditional 
type of floor construction used in housing is the 
jack arch floor. This structure consists of timber 
joists with small timbrel vaults between them usu-
ally made either by pouring gypsum in formwork 
or bonding a single thin layer of bricks with gyp-
sum. This type of floor was already invented in the 
16th century, but was used mainly from the 18th 
century on (Mileto et al. 2006, Diodato 2007). At 
the beginning of the 20th century, the production 
of new materials such as reinforced concrete and 
metal profiles brought jack arch floor construction 
systems slowly to an end.

In these constructions, it is common to find 
pathologies caused by the presence of wood bor-
ing insects or rot, causing a possible loss of beam 
or joist section. Once these pathologies are repaired, 
the structure usually needs reinforcement in order to 
meet modern required standards for live loads. Fur-
thermore, it may also need to remedy uneven surfaces 
due to the possible deflection of joists and beams.

These problems can be solved with different 
more or less sustainable constructive solutions and 
materials. The comparison between a commonly 
used compression layer of concrete and a solution 

Vernacu_Book.indb   695Vernacu_Book.indb   695 7/31/2014   7:46:52 PM7/31/2014   7:46:52 PM



696

buildings it is also common to find another more 
modern type of joist in which two strips are nailed 
to the joist, serving as springing for the vaults. The 
ceramic vaults are 3 cm thick including a layer of 
bricks with a plaster coating. Finally, these are 
filled to provide the horizontal surface where the 
flooring is laid.

3 DESCRIPTION OF THE TWO TYPES 
OF COMPRESSION LAYERS

3.1 Compression layer of reinforced concrete

Once the flooring is removed and the extrados 
of the beams is cleaned, a compression layer of 
concrete is poured on the extrados of the existing 
timber floor increasing the inertia and in turn the 
performance of the joists, spreading any possible 
load, improving the floor•s behavior as regards 
deformation (Figs. 1B, 1E).

It is imperative for both materials to work 
together so that the system has adequate rigidity 
and the new resisting section can be considered a 
T section, and only the upper concrete part of the 

Figure 1. A. Existing structure. B. Concrete compression layer. C. Plywood panel compression layer. D. Deflection 
of the joists.

Figure 2. Compression layer of reinforced concrete. 
A. Detail of connectors. B. Detail of the conglomerate 
with expanded clay.
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T resists compression forces. This system is based 
on the stiffness of the composite timber-concrete 
section and is directly linked to the stiffness of the 
connection between the two materials. These con-
nectors must absorb the shear deformation gener-
ated between the timber and the concrete layers. 
In this particular case, the hypothetical connectors 
are placed every 15 cm along the first and last third 
of each joist extrados and every 25 cm in the mid-
dle third. These elements are inserted after making 
a hole in the wood and injecting an epoxy adhesive. 
In this case the connectors have a 12 mm diameter 
and a length of 150 mm (Fig. 2A).

The kinds of connectors used vary from steel 
bars often bent to facilitate the union with the 
reinforcing rebar mesh to nails or screws inserted 
or screwed in the wood with no glue. In some cases 
the connectors are installed in couples with a 45° 
clockwise and counterclockwise inclination.

Once the connectors and the reinforcing 
welded rebar mesh (15 × 15 cm × 8 mm) are put 
in place, lightweight concrete made with expanded 
clay instead of gravel, with a resulting density 
of 1350 kg/m3, is poured, creating a layer with a 
minimum thickness of 5 cm (Vegas & Mileto 2011: 
313…314) (Fig. 2B).

Unfortunately, it is still possible to see compres-
sion layers of reinforced concrete built on existing 
structures without any kind of connection between 
the two materials. This makes the two parts of the 
composite section work independently, failing to 
achieve the projected floor reinforcement.

3.2 Compression layer of plywood panels

The second reinforcement technique considered is 
an intervention that uses timber ribs and plywood 
panels as the main materials (Figs. 1C, 1F).

Construction begins as in the previous case with 
the removal of the flooring and the cleaning of the 
extrados of the joists. Subsequently, the first step 
of the intervention is to supplement each joist with 
a wood rib shaped to fit the existing deflection, not 
only increasing the inertia of the joist, but also lev-
eling off  the floor (Fig. 3A).

These ribs are fixed on top of the existing joists 
with lag screws to stop them moving while assem-
bling the reinforcement system. The structure 
leaves an empty volume between the joists to be 
filled with cork granules to avoid adding weight 
to the floor and to improve its thermal and acous-
tic conditions, as well as to take pipes and tubes 
through without having to open traces for them in 
the partition walls (Vegas et al. 2010) (Fig. 3B).

The structure which now has a flat horizontal 
level allows the plywood panels that will be the real 
compression layer to be correctly positioned. The 
most usual commercial dimensions for these panels 

are 1.25 m × 2.50 m with a thickness of 19 mm to 
30 mm. The choice of the thickness depends on the 
final load to bear. In this hypothetical case 30 mm 
plywood panels will be used.

These panels are fixed to the joists with lag 
screws that pass through them and are anchored to 
the rib-reinforced joists mentioned above in order 
to absorb both the shear stresses of the joist-rib 
and the rib-panel contact surfaces and to guar-
antee that the various elements work together to 
generate a T shaped section. The lag screws are 
placed 10 cm apart in the first and last third of the 
joist•s length and every 20 cm in the central section, 
corresponding respectively to the areas subject to 
more or less shear moment. In this case, the lag 
screws have a diameter of 9 mm and are 160 mm 
or 200 mm long to reach the maximum point of 
deflection in the joist itself.

To give continuity to the panel layer metal straps 
with a 60 mm × 1 mm section are positioned to 
cover all the joints between panels. These straps 
are connected with pairs of screws every 20 cm on 
both sides holding the panels together to form a 
single element (Figs. 1G, 1H).

4 COMPARISON BETWEEN SOLUTIONS

In order to determine the differences between the 
constructive solutions for reinforcing a timber 
floor described above different aspects should be 
compared. The economic and ecological cost as 

Figure 3. Compression layer of plywood panels. 
A. Timber ribs. B. Cork granule filling.
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well as the weight of both proposed solutions, will 
therefore be analyzed.

To consider the inherent variations due to the 
geometry of the floor structure and to perform a 
proper calculation, the price, environmental cost 
and weight have been calculated for the whole 
hypothetical structure and afterwards divided 
by its area to establish the average values for one 
square meter of reinforcement.

Tables 1 and 2 show the total amount of mate-
rial and labor needed for the two interventions on 
the entire floor.

4.1 Economic cost

In order to establish differences in the cost between 
the two solutions the prices taken as reference are 
those included in the database of I.V.E. Instituto 
Valenciano de la Edificiación (Valencian Insti-
tute of Construction) with the exception of the 
plywood panels, lag screws and the metal straps 
whose prices have been deduced from their market 
values.

The shoring of the structure and the indirect 
costs are not considered in the previous calcula-
tions although the shoring is necessary in both 

cases, especially in the concrete option since damp 
concrete is heavier than cured concrete.

4.2 Ecological cost

To be able to determine the ecological impact that 
produces each of the two options analyzed, it is 
necessary to study the energy consumption and 
carbon dioxide emissions during the production of 
the materials required in each of the constructive 
solutions studied.

The data required to calculate these values were 
obtained from the B.E.D.E.C., Banc Estructu-
rat de Dades d•Elements Constructius (Structured 
Data Base of Constructive Elements) of the ITeC, 
Instituto de Tecnología de la Construcción de Cat-
aluña (Institute of Construction Technology of 
Catalonia).

In the database, the list of constituent materi-
als which present a different production process 
is short but a larger number of materials can be 
deduced from these constituent materials.

Table 1. Compression layer of reinforced concrete, 
material and labor needed for the entire structure.

Table 2. Compression layer of plywood panels, material 
and labor needed for the entire structure.

Table 3. Compression layer of reinforced concrete, cost 
per square meter.

Table 4. Compression layer of plywood panels, cost per 
square meter.
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The energy cost takes into account the process 
of extraction, the transport from place of origin 
to the factory and the transformation process. This 
does not include the cost of the energy involved in 
the transformation of the material into a specific 
piece (for example, the transformation of steel into 
a profile) or the transport of the material from the 
warehouse or factory to the work site.

The data of energy cost and CO2 emissions 
were obtained from the collaboration between the 
ITeC and the ICAEN Institut Català de la Energia 
(Catalan Institute of Energy), the Departments of 
Architectural Construction I and II of the UPC 
Universitat Politècnica de Cataluña (Polytechnic 
University of Catalonia) and iMat, the techno-
logical Centre of Construction, which conducted 
a review of the data from the analysis of different 
European databases and studies such as Ecoinvent 
1.3, relating to energy contained in the materi-
als and the associated CO2 emissions, while some 

data was provided by the product manufactur-
ers. In subsequent revisions of the database, the 
information was checked with sources which carry 
out the Life-Cycle Analysis. The main sources are 
the ICE Inventory of carbon and energy, CIRIA 
Construction Industry Research and Information 
Association, the CML Institute of environmental 
sciences, IDAE Instituto de diversificación y ahorro 
energético (Institute for Diversification and Energy 
Saving), Ecoinvent data base system process and 
Sima pro 7.0. Calculation method. (ITeC 2014).

The process of obtaining environmental impact 
data of the products is fairly complicated given 
that the values are not always calculated in the 
same way and as the environmental certifications 
are not compulsory few products have them; in 
addition, they do not follow a single model, and 
change according to country.

Table 5. Compression layer or reinforced concrete, 
energy consumption per square meter.

Table 6. Compression layer of plywood panels, energy 
consumption per square meter.

Table 7. Compression layer of concrete, CO2 emissions 
per square meter.

Table 8. Compression layer of plywood panels, CO2 
emissions per square meter.
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4.3 Energy consumption in the production 
of materials

Taking into account the materials used in each of 
the two solutions the following results are obtained 
for the calculation of energy consumption per 
square meter.

4.4 CO2 emissions during the production 
of materials

Likewise, the CO2 emissions resulting from the 
production of the materials used in the two com-
pression layers have been calculated per square 
meter as follows.

CO2 estimates do not consider the positive 
contribution of the wood. Trees accumulate CO2 
while they grow which is not liberated until the 
combustion of the wood, so timber used in the 
construction starts off  with an added advantage in 
environmental terms.

5 CONCLUSION

Summing up the results of the analysis, the final 
comparison between the two compression layers 
brings to light some clear evidence.

The final cost per square meter is 72.31  /m� 
for the timber solution with plywood boards and 
73.13  /m� for the concrete solution. Contrasting 
these two values we can state that both solutions 
cost approximately the same.

Assessing the two solutions on an ecological 
level, and considering on the one hand the energy 
consumption and on the other the emission of car-
bon dioxide, it can be emphasized how beneficial 
the timber solution is for the environment.

Per square meter the energy consumed for the 
timber panel reinforcement solution is 558.18 MJ 
compared with the 1193.94 MJ consumed by the 
materials of the reinforced concrete solution. This 
means that the concrete solution consumes 114% 
more energy than the plywood panel solution.

Similarly, comparing CO2 emissions in the 
production of their materials per square meter 
for both solutions, the timber technique value 
is 50.20 kgCO2 while the concrete one is 77.68 
kgCO2, which means that the reinforced concrete 
emits 55% more CO2 than the timber solution.

Finally, the weight of one square meter of tim-
ber reinforcement is 36.5 kg while a square meter of 
concrete reinforcement weighs 148 kg, making this 
second solution 306% heavier than the first one.

These numbers show how the price of the two 
solutions is almost the same considering that a 
difference of 1% can easily fluctuate due to small 
variations in the original structure or as a result of 

modifications in prices given by the I.V.E. and the 
real market values.

From the environmental point of view, as 
expected, the timber solution is the most advanta-
geous. The difference between these two solutions 
could have been greater if  less steel had been used 
in the timber solution; in terms of their production 
a large amount of energy is consumed with a pro-
portional emission of CO2.

The striking difference can be seen in the weight; 
these figures clearly show that the concrete solu-
tion is constructively incongruous because even 
if  the resistance and stiffness added is more than 
in the timber reinforcement, the 306% increase in 
weight is unjustified and, even without considering 
the compatibility between old and new materials 
(Vegas & Mileto 2007: 34…35), can have negative 
repercussions on the whole existing building. Old 
buildings usually have structures that adapt to 
slight settlement and deformation while a concrete 
slab does not; moreover the added weight not only 
influences horizontal structures but also has reper-
cussions on load bearing walls and pillars that may 
not be fit to resist the additional weight.

Finally, the figures contained in this study, 
clearly show how, in the specific case of jack arch 
floors, very common in eastern Spain, structural 
reinforcements using plywood boards as a com-
pression layer, although not as well-known, are a 
better solution for both the conservation of the 
existing structure and the environment.
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ABSTRACT: This presentation results from an ethnographic study we have been developing since 2004 
on pastoral architectures and spaces in the Andean region, particularly in the community of Susques, 
in northern Argentina. The Andean pastoralists are characterized by the intense mobility of domestic 
groups. When we talk about •the house as a moving storyŽ we are intending to synthesize two concepts. 
The first relates to pastoral settlement systems associated with mobility. Different households tend to 
move through more than five different settlements across the year which will be analyzed as part of a 
single domestic space. The second concept is oriented to the definition of the local notion of •houseŽ that 
will be addressed in detail. From our perspective, the •houseŽ is not just an object but rather a process, a 
•history in motionŽ, subjected to growth according to changes in domestic groups.

This fieldwork has involved a longstanding pres-
ence in this area, at different moments of the year, 
with ongoing participation in various activities, 
including concrete construction work.

1.1 An ethnographic approach

Ethnography has been defined as a research method, 
as an approach and as a text. Its conceptualization 
as an approach assumes a conception of knowledge 
that •seeks to understand social phenomena from the 
perspective of its membersŽ (Guber 2001:13). Eth-
nography allows us to place on the center of the stage 
the local points of view, the conceptions and defini-
tions from the same people that exercise the studied 
practices. Ethnography is a process of interpretation 
rather than explanation (Clifford 1995). No attempts 
to capture a series of events that are outside of the 
existence of the researcher, instead the ethnographic 
experience involves the creation of a significant com-
mon universe. The ethnographic description is not a 
portrait supposedly objective, rather than a •thick 
descriptionŽ (Geertz 2005) which seeks to consider 
the practices within the interpretive frameworks of 
its actors. This work involves an effort to call into 
question our own knowledge, to approach, and rec-
ognize, other possible conceptions. Indeed, one of 
the characteristics of ethnographic description is that 
it is •microscopicŽ (Geertz 2005). It seeks to under-
stand local realities and practices, rather than global, 
through deep immersion in the field, through the 
extended stay in place and participant observation.

1 INTRODUCTION

Ethnographic studies developed in different commu-
nities in the Andes have made possible to recognize 
the diversity of architectural concepts as well as the 
fact that this diversity is inseparable of a very dense 
significance framework that character-ized the soci-
eties that produce this materiality. This has been an 
important methodological contribution to disrupt 
the civilizational, exoticizing or romantic readings 
that emerge from the application of the interpretive 
frameworks associated with •western architectureŽ.

In this presentation we propose two objectives. 
The first one is to reflect briefly on the possibilities 
offered by ethnographic research in the interpreta-
tion and recognition of different architectural con-
ceptions and practices. The second is to explore the 
specific characteristics presented by the domestic 
architecture in the Andean highlands area, in 
northern Argentina, related to the particularities 
of the mobility of pastoralists. We aim to develop 
two important aspects: the formation of dispersed 
settlement systems of domestic groups and how 
the house is the result of a continuous process of 
construction over time.

The results we are presenting here emerged from 
ethnographic research we have developed in the 
town of Susques in the province of Jujuy (Argen-
tina) since 2004 (Fig. 1). This research has focused 
on the recognition of spatial and architectural con-
ceptions of pastoral groups, and how they have 
been transformed in recent decades (Tomasi 2011) 
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1.2 Ethnographic studies and architecture

Concerning architectural studies, ethnography gives 
us at least two possibilities. First, is a privileged 
method to avoid ethnocentric interpretations that 
made invisible local ways of producing, conceiving 
and living architecture, to locate the architectural 
and construction practices in the interpretative 
frameworks within which are developed. The second 
is that it allows us to transcend the purely material 
analisys to achieve more holistic comprehensions, 
incorporating architecture into specific ways of 
understanding the world, certain symbolic universes 
and social, economic practices and territorialities. 
As Oliver proposed (1978), it is necessary that archi-
tects transcend our own conceptions to consider the 
values assigned to buildings in each society. This 
means that we have to recognize that the notion of 
house, as we define it, may have very little in com-
mon with which it means to other societies.

Ethnography, as architectural research meth-
odology, appears as an unavoidable way for both 
habitat improvement projects as well as those 
related to the architectural conservation. There 
are numerous projects in which the proposed solu-
tions are never adopted by communities in the long 
term. This is the result of that in many cases local 
views and the responses that communities gener-
ated from their practices and conceptions are not 
considered. Instead, it intends to apply universal 
solutions based on a international development 
agenda. In regards to architectural conservation 
occurs something similar, because in many cases, 
local values and meanings associated with histori-
cal and current constructions have been ignored.

Although several authors have drawn atten-
tion to the lack of interest of anthropology in the 
study of architecture (Humphrey 1988, Carsten 
& Hugh-Jones 1995, Vellinga 2005), many of the 
most significant and inspiring examples of ethno-
graphic interpretations have been developed from 
anthropology, expanding the possibilities of archi-

tectural analysis (Hugh-Jones 1979, Bourdieu 2007, 
Waterson 1990, Bloch 1995). It should be noted, 
however, that these studies often tend to ignore the 
physical dimension of architecture, focusing on its 
social and symbolic implications, depriving it of 
one of its defining features.

For the Andean highlands there have been signif-
icant ethnographic studies of the architectural prac-
tices of indigenous societies, also largely developed 
by anthropologists (Palacios Ríos 1990, Arnold 
1998, Nielsen 2000, Delfino 2001, Göbel 2002). 
These studies have characterized morphologically 
and constructively the domestic architecture in the 
Andes, and have allowed us to recognize the symbolic 
density of the native notion of house, its territorial 
dimension and its role in shaping the households 
over time. In this sense, Arnold (1998) suggested that 
within the process of building a •houseŽ, elements 
of social organization become spatialized, through 
a number of complex rituals instances. According 
to Palacios Rios, in the house are embodied some 
of the main •structural principlesŽ of the Andean 
conception of the world. Meanwhile, Göbel (2002), 
with a different theoretical approach, stated that in 
the house the whole system of spatial occupation of 
pastoral groups were synthesized.

A feature shared by their research, which links 
this paper with that tradition of studies, is an 
abso-lutely dynamic conception of architecture. 
Buildings that we try to understand are the result, 
never defini-tive, of a process of construction over 
time, which involved different generations. When 
considering architecture as a static object, we are 
removing some of your deepest senses, which link 
people with their buildings in a shared history.

2 SUSQUES AND THE PASTORALISM IN 
THE ANDEAN HIGHLANDS

Pastoralism can be defined as a form of production 
based on the use of environmental resources through 
different mobility strategies that involve both, peo-
ple and animals (Galaty & Johnson 1990, Khaz-
anov 1994) However, this is not a purely economic 
activity but it models different aspects of people•s 
social life, and defining specific spatialities marked 
by seasonal movements. In regards to the Andean 
case, extensive pastoralism is based on an affective 
relationship between animals and people, with a 
flexible management of herds and a cyclic seasonal 
mobility based on the presence of repetitive places 
(Nuñez & Dillehay 1995). However, beyond the 
existence of shared aspects, ethnographic descrip-
tions show a significant variability over the Andes, 
based on environmental differences, the conforma-
tions of the herds and households, land rights and 
the activities associated with grazing.

Figure 1. Location of the studied area, in the north-
western Argentina (Tomasi).
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If we focus on the case of Susques, we must con-
sider the existence of a hundred households that 
manage mixed herds (llamas, goats and sheep) in 
a community territory of about 130,000 hectares 
deployed around the town of Susques. These territo-
ries are located at an altitude that oscillates between 
the 3500 and 4200masl. These households are made 
up of three generations of people linked by kinship. 
While historically all members of the household 
were engaged directly in raising animals, today only 
one or two persons remain in the countryside, while 
the others cooperate with them based on the income 
earned in Susques or in other cities.

Unlike what happens in other Andean pastoral-
ist groups, in the case of Susques each household 
controls a specific territory with clear borders, rec-
ognized within the community, which have usage 
rights that are transmitted across generations. 
Domestic grazing territories may be subjected to 
change, but their conformation tend to be stable 
over time. Each of these territories is often com-
posed by two characteristic environments, which 
differences are exploited through mobility. On the 
one hand the •campoŽ (countryside), the lowest 
and open sectors, and, on the other, the •cerrosŽ 
(hills), the areas at higher altitudes and most rug-
ged. Mobility can then be synthesized as a circular 
and cyclic movement between •campoŽ and •cer-
rosŽ. Households remain in •campoŽ during the 

summer (December to March), in the rainy sea-
son, and then move continuously between places 
in the •hillsŽ in the colder and drier months, when 
temperatures can drop below -20 ° C. Inside these 
territories, each of the households has a certain 
number of settlements that are used throughout 
the year within the cycle mobility, and that are 
located in places of significance for the history of 
the group (Fig. 2).

Mobility we try to highlight not only refers to 
the travel required to reach a destination but it is a 
significant social practice itself. It is a conception 
that expresses in multiple dimensions of everyday 
life and involves a particular form of appropria-
tion of time and space. As we will see, when walk-
ing through the grazing lands, people hold their 
belonging to those places through the link with the 
history of those who built them.

3 A SINGLE DOMESTIC SPACE WITH 
MULTIPLE PLACES

Ethnographic studies over the Andes have shown 
some recurrence in the use of multiple settlements 
along the year by pastoralist households. Each 
of these settlements tend to be located seeking to 
exploit different ecological conditions based on 
different altitudinal variations. Another feature 
mentioned in existing research in Peru, Bolivia, 
northwestern Argentina and northern Chile, is 
that one of the settlements within these systems is 
established as the principal not only based in its 
architecture but also associated with the role it has 
as spatial reference of the household within the 
community. While there are some cases where the 
main settlement is located in a town, it is more fre-
quent that they are scattered throughout the com-
munity territory, while households have another 
residence in the villages.

In the case of Susques what we have recorded is 
that each household can have between two and ten 
different settlements, with an average of five. In any 
case, they normally do not use more than four or 
five throughout the year. Using this number of set-
tlements may involve up to ten changes of residence 
within an annual cycle, as some places can be used 
more than once. However, in recent decades there has 
been an increasing in urban residence, and related 
to this a decreasing in the intensity of the journeys 
made by the domestic units (Tomasi 2011).

A central issue about Susques is that the totality 
of settlements are located within the grazing territo-
ries of each of the households, and not scattered at 
different points in the community territory, as may 
occur in other areas of the Andes. Thus, the charac-
teristic of property rights is important for the defi-
nition of the territorial distribution of settlements.

Figure 2. An example of a pastoral territory, with the 
different domestic settlements and the movility along the 
year (Tomasi).
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Among the settlements of the households we 
must distinguish between •domicilioŽ (domicile) 
and •estanciasŽ or •puestosŽ. While the first one is 
the main settlement of the group and it is used dur-
ing the summer (December to March), the •estan-
ciasŽ are located in •cerrosŽ (hills) among the rocks, 
and the shepherds visit each along the year, and they 
could stay between fifteen days to three months. 
•EstanciasŽ are distributed in domestic territories 
looking to access different sections of pasture at dif-
ferent times of the year. In this sense, the territorial 
arrangement of the •estanciasŽ is inseparable from 
grazing strategies and preferences in the manage-
ment of herds by the domestic units.

The architectural features of the •estanciaŽ 
present interesting aspects for analysis because its 
definition is linked to the topography of the places 
where they might be located. In fact, the architec-
tural design begins with the material appropriation 
of topography, through the use of eaves, rock walls, 
slopes or small gorges (Fig. 3). These topographies 
are incorporated in the spatial definition and 
complemented with partial stone walls. The walls 
are usually made using •pirca secaŽ (stones with-
out mortar) and covered with crossing branches, 
in some cases with mud (Fig. 4). In general, the 
•estanciaŽ consist of a compound intended for 
people, sometimes roofless, an outdoor kitchen, 
and at least two corrals nearby.

The location of the •estanciaŽ, and also the 
•domicilioŽ is linked to the herd management, 
but this is not the only logic that determines it. All 
these settlements are located in places that have 
a historical significance for the domestic group, 
being the same spaces that were appropriate by 
their ancestors. The location of the •estanciaŽ con-
tributes to the maintenance of the territorial rights 
and the affirmation of the person belonging to a 
particular line of descent. Thus, mobility among 
•estanciasŽ throughout the year is not only spatial, 
but involves a temporal journey through the his-
tory of the domestic group.

4 THE CHANGING HOUSE

This settlement system we have described briefly, is 
locally conceived as a unit rather than as a sum of 
parts. In this sense, we should think of it as a single 
discontinuous domestic space. Although the group 
at given time is installed in a •estanciaŽ in particu-
lar, continue to hold the relationship with the rest of 
their places. This view changes our scale of analysis 
with which we normally define domestic architecture, 
since it forces us to consider the territorial dimen-
sion of architectural design, and a different way of 
thinking about the spatial unit. In the context of this 
perspective, the •domicilioŽ is established as the axis 
of all domestic spatial definition, which is expressed 
in various annual rituals, and this way is the principal 
house of the household (Tomasi 2011).

Unlike the •estanciasŽ, the •domiciliosŽ are not 
in the •cerrosŽ but are located in the •campoŽ, the 
most open places, at lower altitudes than the average 
•estanciasŽ (about 3500 masl). Households are rec-
ognized within the community by the name of the 
place where the •domicilioŽ is established, and there 
is where they received the visits in different celebra-
tions throughout the year, such as the carnival. In 
this sense, these main houses are a major reference 
in social terms and contribute to the recognition of 
group membership within the community.

In terms of the spatial configuration, the •dom-
iciliosŽ differ substantially from the •estanciasŽ, 
since they have not the same relation to the topog-
raphy and have a greater number of compounds 
built for different uses. In just the simplest terms, 
the •domiciliosŽ are configured from a certain 
amount of compounds that are arranged around a 
courtyard (Fig. 5). These compounds vary, depend-
ing on the age of the house, between two and more 
than ten years, with an average of four. These com-
pounds are mostly rectangular, with a width of 
about 3 m and a length of between 4 and 6 m. The 
disposition around the courtyard is usually U or L, 
prevailing orientation towards the east and north 

Figure 3. Panorama of an •estanciaŽ built using an 
slope (Tomasi). Figure 4. Detail of one of the rooms in an •estanciaŽ, 

built with •pirca secaŽ (Tomasi).
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(Fig. 6). In addition to spaces for people, •domi-
ciliosŽ have two or three corrals where the main 
ceremonies intended to herd are performed.

The constructional techniques are based on the 
use of mud. The walls are usually made of adobe 
with stone foundations, or entirely of stone in the 
oldest •domiciliosŽ (Fig. 7). In roofs, the wooden 
structure is tied with leather cords. Over these woods 
commonly people place a first layer of straw also 
tied with leather, and upon this, two techniques can 
be used for the upper layer: the •torteadoŽ, which 
consists in performing two complete layers of clay, 
or •guayadoŽ, consisting of overlapping rows of 
straw with mud (Tomasi 2013). As elsewhere, in 
recent years has significantly increased the use of 
industrial materials.

The patio is the spatial axis of the •domicilioŽ, 
the main field of everyday domestic activities and 
the shared place for the household, but it is neces-
sary to understand the architectural conception of 
this space. The patio exists since the beginning of 
construction of the house in conceptual terms, but 
not in its morphology. It is not a patio that has a 
predefined shape modeling the arrangement of the 
compounds. The organizing principle is the oppo-
site: the delimitation of the patio results from the 
place where the different compounds are located, 
and thus is subject to constant change in mor-

phology. This has social implications because the 
household is not a static concept but is transformed 
in time, and the house is the material expression, 
never passive in this process.

Interventions in the •domiciliosŽ are made over 
time, in a process of continuous construction. As 
new couples are formed within the households, 
new compounds are added around the courtyard. 
Thus, in each generation new buildings are incor-
porated continuing the historical project of the 
•domicilioŽ. This implies that in the configuration 
of the •houseŽ are present, acting, multiple tempo-
ralities within the history of the domestic group. In 
fact, the everyday life of being at home, brings the 
experience of the history of the people as part of 
a line of descent.

This is linked to an aspect that allows us to better 
understand the meaning of this domestic architec-
ture. The •domicilioŽ is also a •casaŽ (house) and 
so it is called as well. At the same time, each of the 
compounds of the •domicilioŽ is also called •casaŽ. 
That is, a •casaŽ consists of •casasŽ, and actually 
refers persons to their •domicilioŽ as •casaŽ in the 
singular, and •casasŽ in the plural. This issue in 
architectural and spatial designations has profound 
implications. Each of the compounds, •casasŽ, is a 
part of the •domicilioŽ, but simultaneously is a total-
ity itself. The •casaŽ is a part and a whole, since each 

Figure 5. General view of a •domicilioŽ, with the cor-
rals (Tomasi).

Figure 6. Sketch of a •domicilioŽ, near Susques, including some of the different spaces involved (Tomasi).

Figure 7. Detail of a roofed kitchen in a •domicilioŽ 
(Tomasi).
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compound concentrates the full sense of the notion 
of house. This implies a radical difference from the 
Western conception of architecture in which has 
some importance undivided character of the whole.

5 CONCLUSIONS

Throughout this paper we have aimed to approach 
what might be considered an Andean pastoral 
logic of architecture and space, which puts us in 
evidence the existence of different conceptions of 
those usually considered as universal. In this con-
text, the ethnographic method gives us a way to 
recognize these other ways of doing and thinking 
about architecture, who tend to be made invisible.

This concept and practice present a relationship 
between the definition of domestic architecture 
and territoriality. We have proposed that mobility 
between •estanciasŽ implies a spatial and temporal 
displacement. The same could be raised regarding 
the •casasŽ (houses) that make up the •domicilioŽ, 
built over multiple generations. Thus, the •domi-
cilioŽ is presented as an integration of different 
times coexist in the same space.

Something similar can be considered regard-
ing the understanding of the senses of the total-
ity. Each of the •estanciasŽ is a whole, with 
relative independence, but at the same time is one 
of the parts that make up this unique pastoral dis-
persed domestic space. We have already referred 
the relationship between the •casasŽ within the 
•domiciliosŽ. Certainly these architectures and 
territorialities, are embedded in the way in which 
domestic groups are conformed.

The main notion that we have tried to estab-
lish in this paper has been mobility. A mobility 
that involves displacements and connections both 
in time and space. This idea confronts us with an 
architectural practice that is inherently dynamic, in 
which change and transformation are a defining 
feature. When working with such constructions, 
whether to study or intervene them, the starting 
point should be the understanding of a production 
process rather than a resulting object.
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ABSTRACT: The topic of transhumance is well known, as far as the historical and anthropological 
aspects are concerned, as it is proven by the richness of the relevant literature; yet it still presents wide 
margins of uncertainty in the more specific aspects concerning building techniques and functional instal-
lations, construction materials and adopted procedures, local masonry peculiarities and technological 
characteristics, as well as the traditional maintenance criteria, now almost completely abandoned. The 
research program and the field investigations here presented provide valuable information on the aware-
ness of builders in the past of the necessity for buildings to withstand seismic actions. Solutions were sug-
gested by experience acquired in the repeated risk exposure. Collecting local construction techniques and 
maintenance procedures is the basis for defining •land archivesŽ, capable of suggesting new knowledge 
horizons and also of providing methodological guidance on intervention methods for the conservation 
and enhancement of the historical building stock.

A major aspect characterizing this study area 
consists in the widespread environmental vulner-
ability (geological and waterway instability), as 
well as the high seismic hazard, one of the high-
est in Italy. This extreme condition has fostered 
the development of a building modality character-
ized by the predominant use of local materials and 
building traditions proven by long use, according 
to generally accepted •rules of good practiceŽ. 
The historical centres of the area under study, 
perched on the limestone rocks of the Apennines, 
experienced, in the past, poor life conditions and 
were kept out, until recently, of the innovations 
characterizing some of the surrounding areas; all 
the same, they found the way to deal with these 
extreme conditions, by optimizing the available 
materials and resources, developing really effective 
anti-seismic solutions, easy to maintain. Perhaps, 
these solutions were at times unconventional, but 
often effective with some local ingenious propos-
als; they have been properly defined •anomalies 
that protectŽ (Ferrigni 1989).

The research aims at a deeper knowledge of 
some structural details typical of the local build-
ing history, orally handed down •step after stepŽ 
through experience and transhumance paths.

1 INTRODUCTION

The history and economy of the Italian regions 
of Abruzzo, Molise and Puglia have been deeply 
marked by the •sheep tracks.Ž The traces that have 
survived witness a territorial phenomenon cover-
ing a large time extension and show a remarkable 
concern in both controlling and managing the ter-
ritory. The paths have remained unchanged, simi-
lar to •traces which are indelible or at least difficult 
to delete, such as the scars that mark the skin of 
a man for lifeŽ (Braudel 1987). They become sig-
nificant evidence of local stories, and contribute 
to characterize a complex culture that goes far 
beyond those territories. These arterial streets run 
along the Apennine ridge and the coast in central 
Italy, spreading knowledge and promoting experi-
ence exchange between different communities.

The traditions of social life, as well as the expres-
sions of popular culture, have adopted, along these 
paths, the most significant and engaging aspects, 
influencing the modes of vernacular architecture. 
This last, strongly marked by local morphological 
features, turned out different from place to place, yet 
similar as constantly in relation with local resources 
and, first of all, in its nature of stone architecture.
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2 ANALYSIS CONTEXT AND CRITERIA

This study is based on the results of a wide and 
detailed damage survey, which was performed fol-
lowing the L•Aquila earthquake (2009). The analysis 
covered a few villages in the mountain area around 
the city of L•Aquila, which had suffered damage at 
a limited extent in comparison to the main city.

Due to the historical value of the buildings, only 
non„destructive analyses were allowed; the survey, 
therefore, was based on a visual inspection, which 
covered systematically several historic centers. From 
this field activity, a detailed classification of build-
ings according to different criteria was possible, in 
relation to the urban structure, to the building typol-
ogy and the material quality. This was the basis for 
the recognition of the construction details specifi-
cally conceived to oppose the effect of earthquakes.

A similar study had already been performed 
for the city of L•Aquila (D•Antonio 2013); about 
this, however, it is believed that the extension of 
the results to areas characterized by different tra-
ditions and economic situations is not immediate 
and should requires further clarification. For this 
reason, the present research was put up, specifi-
cally oriented to the situation of the mountain vil-
lages, where the high seismic hazard goes with hard 
living conditions and a poor economy.

Presently, the research has been developed at a 
purely descriptive level, although very detailed; a 
further analytical development has been planned, 
based on the idea of verifying how •the seismic 
protection elementsŽ here described may reflect 
into the evaluation of numerical vulnerability 
indexes according to standard procedures.

3 HISTORICAL AND GEOGRAPHIC 
CLASSIFICATION

Any classification attempt fails when applied 
to Abruzzo and Molise, the central Italy regions 
under study, as they exhibit marked individual 
characters which are difficult to refer to current 
models (Costantini & Felice 2000).

Trying to define a global overview of the area, 
which does not show any link with the current 
administrative boundaries but rather with some 
social and topographic peculiarities only, aspects 
like herding, isolation and neglect can not be 
ignored. They should be evaluated in the general 
context, in order to define a comprehensive over-
view of the historical building stock present in the 
territory (Carnevale, 2005).

As pointed out by Pierre Vitte (1995), the Apen-
nine region at high elevation simultaneously evokes 
both isolation and a picturesque style, in addition 
to natural beauty and traditions, hardness and 

poverty, human profanation and neglect. More or 
less quickly you come in contact with the mountain 
environment, in any case you get the impression 
of being in a place far away from the •harmonicŽ 
imaginary which is typical of central Italy. On the 
contrary, it appears to be well-characterized, with 
a personality based on the association or the con-
trast of three main phenomena: •the mountain ele-
ment, the belonging to the south, the proximity of 
a large metropolisŽ (Demangeot 1965).

At higher elevations, olive trees and vines are 
progressively abandoned, the cultivation system 
becomes extremely simple consisting in small plots 
of land, the bare foothills extend over wide areas 
devoted to grazing. In this context, villages look 
like compact groups of houses perched on rocky 
steep slopes, often difficult to access; they have 
a grayish look, which makes them camouflage 
among the limestone rocks.

Almost all the villages under consideration arose 
between the 12th and 13th centuries, when the Nor-
mans created favorable conditions for the resur-
gence of these savage lands, thanks to the revival 
of transhumance from the Gran Sasso mountain 
to the Tavoliere region. Of course, this activity was 
also favored by the spread of abbeys of Cistercians 
monks, characterized by a strong entrepreneurial 
spirit and devoted to the redevelopment of the 
critical areas, which were placed along paths paral-
lel to the coast, in the area between the regions of 
Abruzzo and Puglia.

The practice of transhumance has marked the 
landscape for centuries, influencing the rise of cit-
ies, villages, staging points and shelters along the 
route of the sheep tracks. This socio-economic 
organization was preserved until a law was issued 
by Giuseppe Bonaparte on May 21, 1806 which 
gave a fatal blow to transhumance, diminishing 
drastically the amount of land assigned to pasture, 
and marking the beginning of a slow decline.

These villages had been living and setting up 
their entire economy from their start (13th century) 
until the mid-twentieth century along the path of 
the main and secondary •sheep tracksŽ (Fig. 1), 
conforming their traditions and habits to a very 
hard working reality; unavoidably, this was the 
premise to the phenomenon of land abandonment 
that started at the beginning of the last century. 
Within this severe and harsh reality, the inhabit-
ants had to conform to it and develop construction 
techniques, agricultural solutions and very specific 
economic investments, suitable to the topography 
and morphological character of the place.

Leaving the province of Aquila and following 
today•s •Route 17Ž until Isernia, it can be found 
that also the historical centers of the fortified towns, 
along this Apennines strip, seem to have many com-
mon features: not only economics, history and 
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topography, but also materials and construction 
techniques. Moreover, in addition to the morphol-
ogy of the area under consideration, other char-
acteristic features stand out, as documented by 
Farinelli (2000) (Fig. 2).

In this research, these historic centers have been 
studied through the analysis of the state of damage 
and deterioration, the behavior of structures and 
the effectiveness of the so-called pre-modern •seis-
mic protection elementsŽ. Such study was mainly 
aimed at justifying the low seismic vulnerability of 
these villages, which belong to an area characterized 
by high seismic hazard (maximum ground accelera-
tion ranging between 0.250 and 0.275 g) (Fig. 3).

4 SEISMIC PROTECTION ELEMENTS

•Seismic protection elements are earthquake resist-
ant tools safeguarding human life and buildings. 
They are measures to prevent or limit, in respect of 
men and things, the earthquake damage. They may 
be related to the construction methods, or also to 
the building location in the environmental contextŽ 
(D•Antonio 2013, p.37).

In this study we are dealing with the typical situa 
tion of fortified villages situated on hills and perched 
firmly on the ground. Except for the occasional 
presence of bell towers, they show a smooth profile: 
the old town is spread along the slope, the buildings 
rarely have more than two floors above ground and 
are anchored to outcropping rocky layers as much 
as they are interconnected to each other, thus form-
ing a cohesive historic centre of compact structural 
aggregates, further connected by covered walkways 
and flying buttresses, visually characterized by the 
color of the walls, the same of the limestone rock on 
which they stand (Figs. 2, 4…6).

In the aggregates, the box behavior, which is typ-
ical of single building units, is emphasized, result-
ing in an improved global structural response. The 
same interpretation should be applied to flying 
buttresses and covered walkways, because they aim 
to realize •vaulted systems at the urban scale, with 
the thrusts reciprocally canceled within a sequence 
of opposing vaults and arches, internal and exter-
nal to the buildingsŽ (D•Antonio 2013, p.42).

The urban setting of the historic centre turns 
out to be itself  a macroscopic seismic solution. 
The whole village behaves like a single building 
that can adequately respond to the earthquake 
due to the global box-like behavior and thanks to 
local reinforcing details: each structural unit often 
ended with a sloping wall or clamped by strong 
buttresses, designed to perform the function of 
containing thrusts (Figs. 13…14).

The urban layout was marked by interspaces, 
50…60 cm wide, inserted between adjacent aggre-
gates. It is assumed that this was done for hygienic 
needs, i.e., water collection and disposal, or also to 
have seismic joints to protect buildings from ham-
mering. These openings, called •rueŽ (Fig. 7), in 
most cases can not be recognized, as frequently 

Figure 1. General map of sheep tracks (•Tratturi, trat-
turelli, Bracci e RiposiŽ) (http://www.igmi.org/).

Figure 2. The village of Castel del Monte (Aq), a global 
view (S. Tonna, 2013).

Figure 3. Map of seismic hazard for the Italian terri-
tory (S. Tonna, 2013).
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they were closed to extend internal rooms or were 
used as debris deposits.

Urban expedients of great importance are also 
given by the width of the road section (Fig. 8), by 
the location of open spaces and squares and by 
the height of the fronts. The awareness of this has 
ancient origins, not only as a derivation of the expe-
rience from fortified villages, where specific require-
ments were imposed for defensive purposes, but 
also as a need to respond to the seismic emergency, 
which is constantly imposed by the territory.

Similar considerations apply to the trend to build 
in places difficult to access; this certainly comes 
from a defensive purpose and is linked to the mor-
phology of the place, but perhaps even more from 
the need to define the boundaries of a community. 
The boundary, either physical (walls) or purely 
ideal, is also useful to the purpose of preventing 
uncontrolled expansion. The term itself of urbanity 
properly expresses the concept: urbs in Latin stands 
for •city enclosed by wallsŽ, designed to maintain a 
kind of controlled urban expansion, thus prevent-
ing the architecture proliferation typical of the cities 
which are victims of •an architectural eczema that 
challenge any therapyŽ (Rudofsky 1977). A direct 
consequence of this kind of considerations, which 
are tied to economy and technocracy rather than to 
the direct observation of existing structures, is also 
the phenomenon of architectural superfetations, 
of the expansions and, above all, of the incorrect 
interpretation of the construction details, accom-
panied by the underestimation of existing seismic 
protection elements, which were proven to be really 
effective by the secular use and the capability of 
resisting repeated earthquakes (Fig. 7). Going to 
the architectural scale, the predominant character-
istic is the aggregate structure, where foundations 
are virtually nonexistent (Figs. 9a,b), as buildings 
are commonly erected directly on outcropping 
limestone rocks. The geological nature of the soil 
has obviously influenced building techniques, lead-
ing to the predominant use of limestone in the 
traditional construction; however, also the use of 
travertine (in the area of Isernia and Mainarde) 
and brick (along the coast) is present.

The quality of masonry is of primary impor-
tance in relation to seismic protection. In the case 
of the villages here analyzed, masonry is consti-
tuted exclusively of local materials and presents 
almost always a sub-horizontal or completely 
irregular structure. When portions of material were 
available for the section survey, it appeared mainly 
composed of two layers, constituted of stones of 

Figure 4…5. Left: Covered walkway, Castel del Monte 
(Aq) (S. Tonna, 2013). Right: Flying Buttress in Cas-
telvecchio Calvisio (Aq) (S. Tonna, 2013).

Figure 6. Aggregates, structural units and covered pas-
sages (in black) in the historic centre of Castelvecchio 
Calvisio (S. Tonna, 2013).

Figure 7…8. Left: Incorrect use of a •rueŽ in Rocca Pia 
(Aq) (S. Tonna, 2013). Right: View of a typical road in 
Rocchetta Alta (Is) (S. Tonna, 2013).

Figure 9. Foundations on rock in Castel del Monte: 
view from the street (left) and schematic view (right) 
(S. Tonna, 2013).
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small/medium size (poorly preformed) and lime 
mortar. Referring to the definitions contained in 
the Italian Building Code (N.T.C. 2008), it should 
therefore be classified as poor.

Analyzing the sections, indeed, and organizing 
data in relation to the very low level of damage 
recorded after the 2009 earthquake, masonry quality 
can be evaluated in different ways: on the one side, it 
is not possible to state that the wall is always assem-
bled according to the best practice; on the other, it 
is surely a cohesive masonry, with thickness varying 
in the range 50 to 60 cm, constituted of one or two 
well-connected layers, with optimized values for the 
size of the segments. In several cases the presence 
of diatones, semi-diatones and wedge heels has also 
been highlighted; all these elements help to increase 
the cohesion of the layers and to fill the gaps due to 
the lack of regularity (Figs. 12a, b). Such details, in 
addition to ensuring good cooperation of the wall 
layers, are a necessary condition for the inclusion of 
timber ties. These elements perform the functions 
of tie rods and walls connectors, being therefore 
of basic importance in order to give the structure a 
unitary box behaviour. Timber ties are wooden ele-
ments placed inside the wall, which follow the line 
of the wall perimeter, with the purpose of producing 
a hoop effect for the building (Fig. 10); the wooden 
or metal tendons (Fig. 11), instead, are linear struc-
tural elements that connect the opposing walls, link-
ing them so as to avoid relative displacements. Their 
presence can be recognized from outside the build-
ing, as they have external metal restraints of various 
shapes, according to the availability and the artistic 
taste of the period.

Special attention is given to the wall angles 
(Fig. 12b), that is corners reinforced over the entire 
height with stone blocks more robust and well fin-
ished. Frequently, masonry presents sloping walls 
or a system of buttresses (Figs. 13,14) which, as 
previously stated, have the function of counteract-
ing overturning effects.

These structures are generally composed of 
small residential units; in addition to the perim-
eter walls just described, partitions walls were also 
present, with the function of separating rooms. 
Although not conceived as structural elements, 

they demonstrate, however, careful attention in 
the choice of sizes, in the volumetric impact and 
in the optimization of materials. Different typolo-
gies are possible: with wooden frame and masonry, 
with wooden panels, mats, plastered reeds or other 
lightweight material (opus craticium); they may 
also reproduce the same technique in use for the 
bearing walls, but with a reduced section.

Floors, at the first level, are mainly supported by 
barrel vaults, made of light stones (a porous vari-
ety of limestone), while at the second level brick 
sheet vaults are used, topped by lightweight filler 

Figure 10…11. Left: Wooden hoops summit (curb) 
(S. Tonna, 2013). Right: Wooden chain (S. Tonna, 2013).

Figure 12. Section (left) and external facing (centre), 
wall angle (right) (S. Tonna, 2013).

Figure 13. Sloping walls in Rocca Pia (Aq) (S. Tonna, 
2013).

Figure 14. Buttresses in S.Stefano di Sessanio (S. Tonna, 
2013).
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material. This system dates back to the 18th cen-
tury; originally, except for the stone vault, simple 
wooden floors were in use. Some examples are still 
visible in some structural units.

The roof structure consists of •staked trussesŽ, 
which support the joists and the roof cover (clay 
tiles). The truss elements are usually well connected 
to each other. Truss structures are particularly indi-
cated in seismic zones because they do not produce 
thrusts onto the support walls. In this specific type 
of truss, a characteristic detail is present, clearly 
derived from the empirical knowledge of the dam-
age mechanism: the specific name •stackedŽ for the 
truss comes from the fact that the entire system was 
anchored to the outer supporting walls, with the tie 
beam running through the wall and extending to the 
outside, where it was anchored by a wooden stake, 
•which, in addition to preventing the tie beam from 
being pulled out, tends to make synchronous the 
wall oscillationsŽ (D•Antonio 2013, p. 110).

Apart from the case of the floors and the roof, 
most of the seismic protection elements and solu-
tions adopted are based on a clever use of limestone 
blocks. Exceptions to this (Figs. 15a, b) are repre-
sented by the wooden elements inserted in the wall 
external face to the purpose of stopping the spread 
of earthquake induced cracking and by the wood 
naturally curved elements arranged in the stairwells, 
to oppose the opening of the interior walls.

5 CONCLUSIONS

The similarity in the behavior of the considered 
villages, consisting in the reduced seismic vulner-
ability, depends therefore on common macroscopic 
characteristics: very compact and squat aggregate 
construction, directly resting on a rocky soil.

These structures, being therefore characterized 
by a high stiffness, undergo a low amplification of 
the ground motion. The analysis of the construc-
tion details, moreover, shows a clear awareness, on 
the part of the manufacturers, of the necessity that 
buildings are able to withstand the actions induced 
by earthquakes.

It is clear, in fact, that a series of seismic pro-
tection elements are present, with the purpose 
of opposing the building trend to open, or disin-
tegrate into several parts, under the effect of the 
seismic forces. In line with the interpretation devel-
oped in recent years, such details are conceived to 
counteract the activation of partial or total col-
lapse mechanisms. This goal, in general, can be 
pursued in two alternative ways: either by internal 
tension ties, or by external contrast elements, with 
the reaction forces developed by other buildings or 
by the ground. What is original in these villages it is 
the systematic use of such contrast systems: while 
with ties the building restraining effect is reached 
by elements in tension, recurring to arches and 
buttresses, only compressed masonry elements are 
used.

This technique was applied in the entire ana-
lyzed area, which is characterized by the common 
aspects of orographic homogeneity, marginal-
ity and poverty. Manufacturers have been able to 
respond to a contingent need optimizing the use of 
locally available resources (materials and construc-
tion procedures): cheap elements, therefore, homo-
geneous with the rest of the building.
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ABSTRACT: Mexico is a country with an extensive territory and cultural diversity. Vernacular architec-
ture is the result of two factors. In the cultural field, the influences were formed by syncretism during the 
conquest in the sixteenth century. Mexican traditional house has influences from Spain and Africa com-
bined with those various local indigenous groups. Currently Mexican vernacular architecture preserves 
the typology of indigenous groups. In addition to this, we can see its adjustment to different weathers in 
the country, making a sustainable housing using regional materials.

Mexico•s geography, location and extension 
allow the existence of climatological variety. There 
are also different ecosystems as deserts, jungle, 
tundra, high mountains, beaches, forests, savannah 
and swamps. Mexico is part of the twelve countries 
with the most variety of weather worldwide.

Vernacular architecture in Mexico depends on 
both climatological and cultural aspects. In this work, 
we introduce examples of houses inside the States 
of Oaxaca, Tabasco, Mexico, Puebla and Yucatan 
(Fig. 2).

1 INTRODUCTION

Vernacular architecture has been transformed, 
altered and destroyed in most of Mexico. This phe-
nomenon increases in those communities, which 
are closer to the cities. There are several factors for 
this transformation. For example, extreme poverty, 
official programs which use contemporary materi-
als, migration to the USA and the abandonment 
of traditional constructive system and traditional 
materials, among others. Therefore, A study about 
vernacular architecture in Mexico allows recogniz-
ing, spreading and preserving the traditional con-
structive systems. Mexican vernacular architecture 
characteristics are a consequence of colonial syn-
cretism (López 1987). Spanish influence could be 
perceived in the introduction of elements as bricks, 
roofs and tiles (Prieto 1994). The patrimonial value 
of that architecture is based on its cultural richness 
(Prieto 1982).

López (2002) establishes that vernacular edifica-
tions in Mexico possess diverse cultural influences, 
inherited from that mixture. Spanish conquest 
brought to America heft in diverse fields, including 
architecture.

Mexico had several cultures as Aztec, Mayan, 
Mixtec, Zapotec, Toltec, among others; this mix-
ture generated a cultural diversity.

Nowadays, there are more than 85 ethnic groups, 
which are found in all the territory.

In Figure 1, we can observe the regions where 
most of the indigenous groups are concentrated. 
Each indigenous group has its own culture, dialect, 
gastronomy, productive system, handcrafts, tradi-
tions, music and architecture. Mexico has around 
1,959,248 square kilometres of territory, from 
which 112 million inhabitants almost 7 million are 
indigenous. This has allowed a diversity of tradi-
tional constructive systems.

Figure 1. Regions with the highest concentration of 
indigenous groups. (CDI).

Figure 2. Map showing the location of studied places 
(G. Torres).
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2 VERNACULAR BUILDING SYSTEMS 
AND MATERIALS

Weather and cultural diversity have generated a 
vernacular architecture with many different forms, 
proportions, materials, techniques, and construc-
tive systems. Nowadays, there are edifications 
made with all kind of materials. Earth, partition, 
rocks, wood, bushes and branches are used in order 
to build walls. Roofs are made of: wood, branches, 
bricks, clay tile and vaults with adobe or bricks.

Adobe is used in many parts of Mexican terri-
tory as a constructive system. Most of the times, it is 
used with specific climate conditions such as warm 
and dry. Wattle-and-daub (Bajareque) is the sec-
ond constructive system used in the southeast and 
north part of the territory. Rammed earth (named 
Tapial) is used mostly in the northern region. There 
is another constructive system used only in the cen-
tral region called •endiqueŽ or •water stoneŽ.

Dwelling construction with adobe, does not 
have substantial differences compared with other 
regions worldwide. Basically it is to select suitable 
clays, mix them with water, fill a wooden mould, 
and let it dry by the sun.

Wattle-and-daub constructive system is used in 
almost all territories, it varies on the type of clay 
which generates different colour tones, that also 
depends on the type of bushes of each region. It is 
combined with a grid which is made to receive the 
earth plaster on.

Besides the mentioned earthen techniques, in 
the central region of both Oaxaca and Puebla 
States, •endiqueŽ or •water stoneŽ that is used for 
building walls.

Stones are used in many parts of territory. This 
material is plentiful because there are two big 
mountain system across the territory from north 
to south. The predominant weather for using this 
stone is cold and humid.

Traditionally the stone wall was made with clay, 
lime and currently with cement.

Mexican coasts have 11,000 kilometres long. 
On which hot and humid weather dominate. The 
materials used to build walls and ceilings are based 
on bushes branches and regional palms.

3 CULTURAL INFLUENCES

In order to understand the way in which the dif-
ferent cultural influences manifest, we have some 
examples corresponding to the Yucatan Peninsula, 
centre of the country, Golf  of Mexico•s coasts, 
southeast and central mountains. The methodol-
ogy we use consisted on visiting the place for tak-
ing both architectural and pictorial sketches as well 
as interviews. The information was analysed to 

establish architectural typologies. The knowledge 
of Prehispanic Cosmo vision (Portilla 1997) and 
consulting some codex from prehispanic origin, 
(Anders 1992) allowed establishing a connection 
with architectural elements.

3.1 Vernacular dwelling in the Yucatan Peninsula

Mayan people inhabited this region since the 
prehispanic period, approximately by 2000 B.C. 
(Gendrop 2004). This region has humid and warm 
clime. Mayan ceremonial centres were abandoned 
during the Spanish conquest in 16th century. Nev-
ertheless; Mayan population exists until our days 
having cultural elements, language, tradition and 
dwelling preserved their originality.

Mayan housing has been studied according to 16th 
conquest manuscripts. Nowadays, we can observe 
two vernacular houses in the states of the Yucatan 
Peninsula, such as Campeche, Yucatan and Quintana 
Roo. Spanish influence during the conquest gener-
ated a typology known as •Spanish Yucatec houseŽ, 
which is built with stone walls and covered with an 
inclination. Its form is based on a square or rectangu-
lar floor. Generally lintels and jambs of gates are also 
made with carved stone coverings.

In other hand, the traditional Mayan house has 
two variants, apsidal or rectangular level shaped.

It comes from preclassic period, 2500 years B.C. 
(López 1993:257).

Since that date, houses were made over a lime-
stone platform or a tamped-down ground. At the 
centre of the room there are two wall openings each 
one by side, for access and air circulation, achiev-
ing crossed ventilation that chills the area.

Roofs are built considering double pitched palm 
leaf and a conical shape on apsidal zone (Fig. 3). 
The roof structure is usually made with circular 
section logs with an approximate inclination of 60 
degrees, in order to drain the rain. The logs are tied 
with a cane to get the structure, over which the palm 
leaf, called huano or guano, is then tied (Fig. 4).

According to Sánchez (2006), the constructive 
system starts with the floor design in order to locate 
the place of the four •horconesŽ, which are circu-
lar section wooden columns, with a •YŽ section on 
the top. These •horconesŽ are the beginning of the 
structure, which supports the roof weight. The fol-
lowing step is to place sticks to form a mesh where 
clay will be placed to form the walls. Regarding 
walls, there are three materials and constructive sys-
tem variations. Wattle-and-daub (Bajareque), palm 
logs and limestone walls. Wattle-and-daub system 
is usually done with sticks from bushes found in 
the region, tied with ropes. Walls are made with a 
mixture of earth, grass and water. This mixture is 
placed by hand from the bottom to the top. Talking 
about walls made within palm logs, these are fixed 
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in the ground, with a minimal separation between 
them that allows air to pass to ventilate and get the 
house with a relaxing weather.

The third variation is the local stonework, with 
clay or lime. There is also a combination of these 
three systems. For example, when lateral walls are 
stone or Wattle-and-daub, while the circular zone 
is made from logs or bush sticks. This example is 
a proof of Mayan cultural permanence since three 
thousand years ago. Regardless of the Conquest 
and the present cultural influences, prehispanic 
culture is strong in that place.

3.2 Vernacular housing in Oaxaca State

Oaxaca State is located at the southeast of México. 
Twelve indigenous groups inhabit this territory. 
Not all of them have dwelled there since prehis-
panic period. For example Zapotecos inhabit the 
region since 1500 B.C. (Gendrop 2004:123). Like-
wise, Mixtec are presented since 2000 years B.C. 
(López 1993).

Oaxaca State has different geographical and cul-
tural regions. Coasts, mountains and valleys are part 

of its geography. One of these is the Mixtec region 
that is divided into three cultural zones over the 
mountains: high Mixtec, Low Mixtec and Pacific 
Coast Mixtec. Both high and low Mixtecs are char-
acterized for being a mountain section with hard 
access and both hot and dry climate. In this case, the 
Conquest heavily influenced in the local housing.

Today, there are some houses, which reflect a 
prehispanic influence such as Mixtec, Zapotec and 
other indigenous groups. But there is also a ver-
nacular one that shows syncretism of indigenous 
and Spanish typologies.

In the case of the original housing, we have 
examples of houses built with vegetal materials 
such as bushes, logs and tree branches. Forms and 
proportions correspond to the influence of Mixtec 
and zapotec groups (Marquina 1964) (Fig. 5).

The prehispanic codex that comes from 11th 
century shows images of housing with these mate-
rials (Anders 1992). The walls are made with cir-
cular sections logs and the roof is covered with a 
palm leaf or grass.

Spanish influence can be seen in the architecture 
derived from cultural syncretism. There are two types 
of architecture, depending on the region. Stone walls 
and wooden are covered with fired clay tiles. Usually 
those houses have double pitched roofs. Other typol-
ogy is defined by the usage of crude earth.

Earthen architecture has a diversity in Oaxaca. 
Three systems can be observed: •tapialŽ walls, 
•bajarequeŽ walls and adobe walls.

Annex to the techniques mentioned, earth is used 
in the central region of the country, and in the states 
of Oaxaca and Puebla. They also use the construc-
tive system of •endiqueŽ. It is used for building 
walls. The process consists in finding a suitable area 
in which the land is cleaned, then the surface layer is 
removed about twelve centimetres. Then the floor is 
printed with a grid, over this, blocks are cut cum a 
chisel. Each block is fifty centimetres long, forty cen-
timetres wide and thirty centimetres high. In Mexico 

Figure 3. Architectural plan of Mayan housing (López 
1993).

Figure 4. Traditional Yucatan Maya house (G. Torres).

Figure 5. Building system plant materials are 
pre-Hispanic (G. Torres).
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the soil layer where you get this material is called 
•tepetateŽ and it is a characteristic from volcanic 
regions of the country. It consists mainly of clay, 
which absorbs a lot of humidity and hardens when it 
dries. The stone is not hard so it is easy to manoeu-
vre and work its cuts. In order to paste the blocks we 
need only to use dust from the same material with 
water. There is no need to use lime or cement.

Usually the floor designs are rectangular in a 
1:2 proportion. In some cases, there is a hall at the 
front of the house (Torres 2009). The influence of 
indigenous cultures is seen in the fact that the house 
has only one room for different purposes (Figure 7). 
The kitchen is getting away from the house. There 
are two or maximum three separated rooms. Roofs 
are made of wooden with fired clay tiles. Building 
with •bajarequeŽ and adobe exists since prehispanic 
times, but Spanish influence is observed in the mate-
rials and constructive systems of covers (Fig. 6).

3.3 Vernacular housing in Tabasco State

Tabasco State is located at the Gulf  coast in the 
southeast of the country. It has a humid tropical 
weather and practically rains all year long with 

a pluvial precipitation of 2700 mm (inches). The 
maximum temperature is 42°C and the relative 
humidity is 90%.

One of the most important aspects in a Tabasco 
vernacular dwelling comes from its cultural roots, 
since Olmec (1500…100 B.C.) and Mayan Culture 
(1500 B.C.…1521 A.C.) had its origin there. Today, 
there are 28 indigenous groups in the southeast 
of Mexico. Mayan influence is still in force inside 
groups such as Chontales and Choles. Vernacular 
housing in Tabasco has a main feature, the use of the 
space and the morphology of the internal distribu-
tion, which has its origins in the prehispanic house.

Prehispanic dwelling had just a space or •lodging 
roomŽ, with no internal divisions (Sánchez 2000). 
This room was complemented with additional ele-
ments like the well; latrines and spaces for keeping 
animals„like chickens and pigs„built with the 
same materials as the house. Clothes were washed 
on a wooden box and bushes or sticks limited the 
land. Today, houses are still constructed with this 
single room for all the activities and functions that 
are distributed thanks to place furniture (Torres 
2004). This space normally displays a rectangular 
form with a proportion 1:2.

Furthermore, features of vernacular housing in 
Mexico are defined by external cultural influences, 
giving place to the •mestizoŽ roots. In other words, 
vernacular architecture is the product of a slow 
historical process in which indigenous, African 
and European elements are developed togetherŽ 
(López 1987).

Because of this, rural housing in Tabasco can be 
at a first look, differentiated between mestizo and 
indigenous influence. The first one is characterized 
by brick walls and wooden structures covered by tile 
roofing normally located in front of the house. On 
the other hand, rural house consists of two or three 
elements located at the centre of the plot, with walls 
and roofs made of vegetal materials, which differ 
according to the natural region where they locate.

While industrialized materials like concrete 
bricks and iron sheets are used predominantly in 
urban areas, traditional building materials such as 
seto and guano are used in the rural ones (vegetal 
materials) (Figs. 8 & 9).

Roofs normally are double size than walls are 
and both are made with vegetal materials. The 
height of the house produces an internal move-
ment of air, which makes the house climatically 
more comfortable.

By large, characteristics in houses from different 
regions are: dwellings erected on bodies of water, and 
located at marsh regions, these have roofs with two 
inclined sections and clay tile and walls made with 
vegetal materials, houses located in the mountainous 
region have roofs either one or two inclination which 
are covered with flat tiles, and walls are made with 

Figure 6. The covers are an influence of Spanish cul-
ture (G. Torres).

Figure 7. Architectural plants are rectangular (G. 
Torres).
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either bricks or section logs. Buildings located in the 
coastal region have a slope roof with four sections 
of incline with guano palm roofing (vegetal material) 
and the same type with two sections of incline or in 
apsidal form, walls made with branches and logs.

Walls are made mainly of vegetal materials, 
which let the wind go through the interior of the 
house and produces a natural ventilation. The tech-
nique for the construction of these walls tough var-
ies according to the building materials: horizontal 
or vertical wooden walls, vertical reed or bamboo 
walls, tree branch walls with an average section of 
10 centimetres, called •morillosŽ. Both walls are 
put vertically.

3.4 Vernacular housing at the mountains 
of Puebla

Puebla State is located at the central part of Méx-
ico. The region is located at high mountains. The 

architecture presented comes from the municipal-
ity Xochitlán de Vicente Suárez. This community 
is located 1200 meters over the sea level and has a 
yearly average temperature of 18°C. It has a humid 
climate with rain almost all year.

Xochitlán was founded at the 16th century, dur-
ing the Spanish Conquest. Nowadays, two indig-
enous groups live in the region, totonacos and 
nahuas.

This vernacular architecture place is an example 
of a strong Spanish influence. Buildings were made 
with imported elements during the Conquest. 
Walls are made of masonry with stone, originally 
stick together with mud. Lime and cement are used 
today. Roofs are made with a wooden structure 
covered with fired clay tiles.

Architectural floor designs are rectangular. 
Facades have typical Spanish formal elements 
such as cornices, round arches, lintels and jamb 
mouldings.

The town is located among mountains so its 
topography is complex. The stone streets have steep 
slopes. Houses are adapted to the topography via 
terraces (Fig. 11). In many cases, it might look like 
one level house from the street view, but after going 
into the building, we can see two levels one of this 
is below the first level. Spanish influence manifests 
by itself  in the usage of wooden covers with fired 
clay tiles, besides the space configuration, unlike 
the one room indigenous house, Spanish influence 
house has more than three adjacent spaces in the 
same volume (Fig. 10).

3.5 Vernacular housing in centre of Mexico

The centre part of the country was occupied since 
2000 B.C. Aztecs settled in Mexico•s Valley in 1325 
A.C. Since then, several cultures have populated 
this region. Spaniards arrived on 1517 and in 1521 
conquered the Aztec capital. From then on, the 

Figure 8. Dwelling in Tabasco state with •chontalŽ 
influence (G. Torres).

Figure 9. Dwelling in Tabasco state with •MayaŽ influ-
ence (G. Torres).

Figure 10. Spanish influence is seen in more than three 
rooms (G. Torres).
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architecture merged in a new expression with ele-
ments from both cultures (Gonzalez 1996).

This presented example is from housing at Toluca 
from the valley region at the centre of the country. 
Here there are homes with Nahua influence (Matos 
1999). In this region, the weather is temperate in 
summer with temperatures averaging 28°C and in 
winter with minimum temperatures of 5°C.

These architectonical sets usually consist of two 
volumes: One is a room that has several functions, 
such as sleeping, receiving, dining room, and the 
other one is the kitchen. These buildings are always 
separated, because cooking with wood produces 
smoke, which is not desirable in the room. The set 

compliments the place where they get cows and 
horses. The barn inside the region called •ZincoloteŽ 
(which is a Nahuatl word that Aztecs used to describe 
the building from wooden sticks called •MorillosŽ) is 
a square used to store corn. The house is made with 
adobe walls and forty centimetres thickness, wood 
covering and roof clay tile (Fig. 11).

4 CONCLUSIONS

Vernacular housing in Mexico is a sample of mul-
ticulturalism. Constructive systems and materials 
are a product of the geographic regions and diverse 
climates of the country. There are several influ-
ences that take a part on the definition of space, 
constructive systems and use of materials. These 
influences are mainly derived from the diverse 
indigenous groups from prehispanic origins. Other 
influence is the legacy from Spanish conquest at 
16th century. We can mainly see this influence in 
the configuration of space and the use of the con-
structive system of wooden covers with clay tiles.

The shape and proportion of space are defined 
in each region for each indigenous group that lives 
there. Also the weather suggests material and its 
usage in a constructive system.
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Research on the uses of fire in vernacular houses in the Eurasian 
Continent

T. Tsukidate
Hachinohe Institute of Technology, Hachinohe, Japan

ABSTRACT: How fire was used in vernacular houses before modernization was a reflection of life in 
dwellings adapted to the natural environment. In vernacular houses fire has been used as a heat source 
for heating and cooking, and its flames for lighting. The author carried out literature research and a field 
survey on the use of fire in vernacular houses in Eurasia. Fire is used for cooking in hot areas and in 
temperate areas in winter, and in cold areas for heating, cooking, and lighting. The paper shows that the 
change from using fire for cooking to using fire for cooking and heating in vernacular houses occurs at 
around Lat. 40°N. on the west of Eurasia and around Lat. 35°N. on the east of Eurasia.

of vernacular housing in Eurasia, an analysis was 
carried out of how fire was used for heating, cook-
ing and lighting. The data on vernacular houses 
expressed in this paper is the result of an extensive 
literature review and surveys of around 40 folk 
museums on the Eurasian Continent.

2 HEATING SYSTEMS AND COOKING 
EQUIPMENT IN VERNACULAR 
HOUSES IN THE EURASIAN 
CONTINENT

Research was carried out on cooking equipment 
and the heating of vernacular houses for different 
climatic zones and latitudes in Eurasia, divided 
into Southeast Asia, East Asia, Central Asia, Rus-
sia, Northern Europe, Eastern Europe, Central 
Europe, and Southern Europe.

1 INTRODUCTION

1.1 Background and main subject

The vast Eurasian continent includes various natu-
ral environments and climatic zones, each with its 
own characteristic vernacular houses. Before mod-
ernization, people lived in symbiosis with the natural 
environment, and their lifestyle was adapted to their 
natural surroundings. To date, there has been exten-
sive research on different locations studying struc-
tures and heating equipment in the vernacular houses 
of Eurasia. Research findings on heating equipment 
have shown that heating equipment in vernacular 
houses is also used as a source of heat for cooking 
and lighting. This paper reports the research findings 
on similarities between heating equipment in the east 
and the west of Eurasia, where heating equipment is 
also used for cooking and lighting.

This paper also wants to pay homage to 
Dr. Reiko Miyazaki who reached similar conclu-
sions relating latitude to the use of heating equip-
ment for cooking.

1.2 Method of research

This study identifies 12 patterns according to the 
form of heating and the heat dissipated by the 
heating equipment. The paper analyses locations 
and the use of fire for heating equipment, as well 
as for cooking and lighting, paying particular 
attention to the form of heat dissipation. It stud-
ies several climate zones, from directly below the 
equator to high latitude areas near the North Pole, 
as well as different vernacular houses and types of 
heating equipment throughout the vast Eurasian 
Continent. As part of the research on the locations 

Figure 1. Samples of building and heating systems in 
Eurasian continent (Tsukidate, 2012).
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2.1 Southeast Asia vernacular houses

The climate of Southeast Asia ranges from tropical 
to subtropical, from directly below the equator to 
around Lat. 25°N. Vernacular houses of Indone-
sia, Thailand, China, and Japan are the main focus 
of the research.

2.1.1 Houses of Sumba tribes 
(Indonesia, Lat. 10ºN)

The Sumba tribe in Indonesia live in the tropical 
area near the equator in traditional houses on stilts 
made from bamboo and wood. In order to limit 
heat dissipation, the Sumba tribe cook in pans 
which absorb heat rather than diffuse it, setting a 
pan on a cooking tripod in the fireplace. Daylight 
hours are plentiful and lighting and heating are not 
a problem for 12 hours all year round.

2.1.2 Houses of Thai tribes (Thailand, 
Lat. 20ºN)

The dwellings of the Thai tribes in the subtropi-
cal climate area of Thailand are in houses on stilts 
mainly built of wood and bamboo. Thai tribes usu-
ally place a pan on a cooking trivet in the fireplace 
in houses, making sure that the heat of the fire 
does not spread inside. Although there is enough 
warmth and hours of daylight all year round, in 
the rainy season, heating is required. In winter 
there are about 10.5 hours of daylight.

2.1.3 Moso tribe houses (Yunnan, 
China, Lat. 27ºN)

Although the area in which the Moso tribe is found 
has a temperate climate all year round, and is called 
•the castle in springŽ in warmer seasons, in the win-
ter the temperatures are lower as it is on a plateau 

with an altitude of around 2500 m. The Moso live 
in log houses built using conifer trees. The Moso 
tribe hang a pan on a tall cooking trivet on the fire, 
which produces heat and light that spread indoors. 
Moreover, braziers are also used. In the winter, 
there are about 10 hours of daylight.

2.2 East Asia vernacular houses

East Asia is in a subtropical zone with a cool 
continental climate, mainly comprised of the 
Philippines, Taiwan, south of China, the Korean 
Peninsula and Japan.

2.2.1 Houses in Okinawa (Japan, Lat. 26ºN)
Winters in Okinawa prefecture are warm, with aver-
age temperatures over 10°C. Vernacular houses in 
Okinawa have many windows and few outer walls in 
order to ensure improved ventilation. The kitchen 
and the fireplace or cooking stove are located in a 
separate area. In winter, when they need heating, 
warmth is provided by a brazier. There are about 
10 daylight hours in winter.

2.2.2 Houses in Yamagata Prefecture 
(Japan, Lat. 35ºN)

The mountains in Yamagata have hot tropical 
weather in summer, with harsh winters and 1 m 
deep snow, which makes outdoor life difficult in 
winter. Vernacular houses are built using modern 
frame structures and rammed earth walls. The pan 
is hung over the big fireplace in the living room, 
and fire is used for cooking and heating. In winter 
there are about 9 hours of daylight.

2.2.3 Dwellings in Suwon (South Korea, 
Lat. 34ºN)

In central South Korea the climate is continental, 
influenced by the cold Siberian Wind in winter. Ver-
nacular houses combine wooden frame structures 
and rammed earth walls. The kitchen of a South 
Korean house is dug about 50 cm below ground, 
and there is a stove for cooking and heating. The 
heat and smoke from the cooking stove pass under 
the living room floor. This South Korean cooking 
and heating system is called •OndolŽ. There are 
about 9.5 daylight hours in winter.

Figure 2. (a) Sumba tribe•s house (Indonesia) (Tsuki-
date, 2002). (b) Fireplace with cooking tripod to put pots 
on (Tsukidate, 2002).

Figure 3. (a) Vernacular dwelling of Thai tribe (Thai-
land) (Tsukidate, 1996). (b) Fireplace with cooking tri-
pod and hanging shelf  (Tsukidate, 1996).

Figure 4. (a) Vernacular house of Moso tribe (China) 
(Tsukidate, 1994). (b) Fireplace with big cooking tripod 
and brazier (Tsukidate, 1994).
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2.2.4 Cave-dwellings in Senshi (China, 
Lat. 35ºN)

Since the Yellow River valley has a cold dry cli-
mate in winter, cave dwellings called Yao Tong and 
dug out of cliffs or underground are widespread. 
Vernacular houses in northern China have spe-
cial cooking and heating equipment called Kang, 
cooking and heating equipment which discharges 
the heat and smoke from the cooking stove under 
the bottom of a bed. There are about 9.5 daylight 
hours in winter. The cooking stove is in the kitchen 
and the radiator is in the next room.

2.3 Siberia & Northern Europe vernacular houses

Russia and Northern Europe belong to an almost 
subarctic high latitude area, rich in coniferous for-
ests and with extremely harsh winters.

2.3.1 Houses at Lake Baikal, Siberia (Russia, 
Lat. 53ºN)

The area surrounding Lake Baikal in the centre of 
Siberia has a very cold continental climate. Lake 
Baikal freezes so hard during winter that cars can 
drive over it. The northern ethnic minorities live 
mainly from hunting. The vernacular dwellings are 
tents or log houses. The northern ethnic minority 
has the fire in the centre of the tent or log house, 
and a pot hangs over the fireplace. There are about 
7 daylight hours in winter.

2.3.2 Houses in Trondheim (Norway, Lat. 63ºN)
Trondheim is near the Arctic and the climate is com-
paratively warm thanks to the Gulf Stream. Vernacu-
lar houses near Trondheim in Norway are log houses 
made from conifers. To make full use of the heat 

from the fireplace, the pan hangs from a pot hanger, 
radiating heat to the living room. The winter days are 
very short, with about 4.5 hours of daylight.

2.3.3 Houses in the Dalamas (Sweden, 
Lat. 60ºN)

The Dalarnas region has a mild winter climate thanks 
to the Baltic Sea and the Gulf Stream. The houses in 
the Dalarnas region are log houses, built from coni-
fers, with thatched roofs. The floors are wooden and 
there is a big fireplace in the centre of the living room, 
with a pot hanger over the fire for lighting, heating 
and cooking. In winter there are 5 hours of daylight.

2.4 East & Central Europe/Turkey 
vernacular houses

The coasts and inland plains of Eastern and Cen-
tral Europe have an Oceanic climate, influenced by 
the Gulf  Stream. Mountain and plateau areas have 
a continental climate with cold winters.

2.4.1 Houses in Krakow (Poland, Lat. 50ºN)
The Krakow area with its cold severe winter and con-
tinental climate has log houses with thatched roofs. 
Vernacular houses have a big fireplace with a hang-
ing pan spreading the heat from cooking to the living 
room. There are about 7.5 daylight hours in winter.

2.4.2 Houses near Bern (Switzerland, Lat. 47ºN)
Switzerland has a mountainous climate with heavy 
snow in winter. Vernacular houses are built from 
masonry and wooden frames. The heat from the 
hanging pan on the cooking stove is used as a heat 
source for the vernacular house. In winter there are 
about 8 daylight hours.

Figure 5. (a) Vernacular houses in Okinawa pref. 
(Japan) (Tsukidate,1988). (b) Pot to be put on the cook-
ing stove (Tsukidate,1988).

Figure 6. (a) Vernacular houses in Yamagata pref. 
(Japan) (Tsukidate, 1984). (b) Fireplace with cooking tri-
pod and pot hanger (Tsukidate, 1984).

Figure 7. (b) Vernacular houses in South Korea (Tsu-
kidate, 2003). (b) Cooking stove in kitchen (Tsukidate, 
2003).

Figure 8. (a) Vernacular cave houses in China (Tsuki-
date, 2001). (b) Cooking stove in kitchen and radiator in 
the next room (Tsukidate, 2001).
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2.4.3 Houses at Velico, Tarnovo (Bulgaria, 
Lat. 42ºN)

Although the Bulgarian coast on the Black Sea has 
a Mediterranean climate, mountainous areas have 
a continental climate with cold winters. The ver-
nacular houses of the mountainous Velico Tarnovo 
region combine a wooden frame with a masonry 
structure. The heating system, similar to the Korean 
Ondol or the Chinese Kang, diverts the heat from 
the cooking equipment to the rest of the house. In 
winter there are about 8.5 hours of daylight.

2.4.4 Houses of Anatolian Plateau (Turkey, 
Lat. 40ºN)

Although the Turkish coastal area on the Mediter-
ranean and the Black Sea has a dry Mediterranean 
climate in summer, the inland Anatolian plateau 
area has a continental climate with cold snowy 
winters. Vernacular houses with wooden frames 
and masonry structures are specifically designed 
to withstand earthquakes. The fireplaces are used 
for cooking and heating, with a pot on a trivet. In 
winter there are about 9 hours of daylight.

2.5 Southern Europe

The climate of Southern Europe, north of the 
Mediterranean Sea, is hot and dry in summer and 
cold and wet in winter. The climate of the moun-
tainous areas and plateau of this region is oceanic 
and relatively wet.

2.5.1 House in the Massif Central (France, 
Lat. 45ºN)

The Massif  Central is an elevated region about 
1000 m high, with an Atlantic oceanic climate. 
Winter snow can be from 50 cm to 1 m high 
although it has been decreasing in recent years. 
Vernacular houses are made of  stone and wood, 
and many of  the older ones have wooden struc-
tures. The fireplace for combined heating and 
cooking is in the kitchen or the living room, 
and the pot stands on a tripod. There are about 
8 hours of  daylight in winter.

2.5.2 Houses in Ademuz (Spain, Lat. 40ºN)
The Ademuz region is in a highland area about 
150 km northeast of Valencia, with hot dry 

Figure 9. (a) Vernacular log houses in Siberia (Tsuki-
date, 2005). (b) Fireplace with cooking tripod and pot 
hanger (Tsukidate, 2005).

Figure 10. (a) Vernacular log houses in middle of Nor-
way (Tsukidate, 2000). (b) Fireplace with a pot hanger to 
spread the heat (Tsukidate, 2000).

Figure 11. (b) Vernacular log house with thatched roof 
(Tsukidate, 2000). (b) The pot is hanged over the fire to 
spread the heat (Tsukidate, 2000).

Figure 12. (a) Vernacular log house near Kulakov 
(Poland) (Tsukidate, 1999). (b) Fireplace with pot hanger 
(Tsukidate, 1999).

Figure 13. (a) Vernacular house near Bern (Switzer-
land) (Tsukidate, 2004). (b) Pot is hanged over the fire 
with a pot hanger (Tsukidate, 2004).

Figure 14. (a) Vernacular log house of Bulgaria (Tsuki-
date, 2001). (b) Pot is put on the cooking tripod to spread 
the heat (Tsukidate, 2001).
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 summers due to the influence of the Mediterra-
nean Sea. The vernacular houses in Ademuz are 
mainly built using wood, stone and rammed earth. 
The fireplace in the kitchen or the living room 
combines cooking and heating. There are about 
9 hours of daylight in winter.

3 RESULT

Table 1 presents different cases of cooking and 
heating equipment in Eurasia in relation to latitude. 
Since low latitude areas have long daylight hours 
and are hot all year round, fire in rural dwellings 
is mainly used for cooking. These areas reach high 
temperatures in summer like the tropical zones, but 
in winter heating is needed because of the cold. 
Therefore, the main purpose of fire is for cooking, 
heating and lighting in winter in inner regions. In 
high latitude areas fire is used for cooking and heat-
ing all year round, while lighting is especially needed 
in winter due to the lack of daylight. In vernacular 
houses the main reasons for using fire are cooking, 
heating, and lighting, conditioned by differences in 
summer and winter daylight hours.

4 CONCLUSION

4.1 Cooking methods & locations of cooking 
equipment

The use of fire for cooking is common to vernacu-
lar houses irrespective of latitude or climate. Since 
germs breed easily in heat and high humidity, in 
low latitudes it is necessary to heat food thoroughly 
for health reasons.

Fire is used for cooking but not heating, using a 
pan on a stove or a tripod over an open fire. Although 
in interior zones, as in the tropics, high temperatures 
are reached in summer, cold winters make heating a 
necessity. Therefore, there are various cooking tech-
niques such as stir-frying, boiling, baking, roasting, 
etc. The fireplace and the brazier for cooking also 
serve as heating. The pot hangs over the fireplace or 
on a tripod sitting on the fire. Since heating is required 
all year round in high latitudes the heat from the stove 
or fireplace used for cooking is also dissipated in the 
living room or under the bed.

4.2 Locations of heating equipment

Snowy high latitude areas require full-scale heating 
equipment. Because there are few daylight hours 

Figure 15. (a) Vernacular log house of Turkey (Tsuki-
date, 2012). (b) Pot is put on the cooking tripod to spread 
the heat (Tsukidate, 2012).

Figure 16. (a) Vernacular log house of Massif  Central 
(France) (Tsukidate, 2007). (b) Pot is put on the cooking 
tripod to spread the heat (Tsukidate, 2007).

Figure 17. (a) Vernacular log house of Ademuz (Spain) 
(Tsukidate, 2008). (b) Pot is put on the cooking tripod to 
spread the heat (Tsukidate, 2008).

Figure 18. Brazier is used between Lat. 35º and 40ºN 
(Left: Turkey; right: Japan) (Tsukidate, 2010).

Figure 19. Heating equipment with same concept (Left: 
Kafelofen in Central Europe; right: Kang in China) (Tsu-
kidate, 2004 & 2002).

Table 1. How the use of fire depends on the North 
latitude.
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in high latitude areas in winter, fire is also used for 
lighting. There are various types of heating equip-
ment, Ondol, Kang, Pechka, Kachelofen, Doman, 
etc. which are used for heating, cooking and light-
ing. From East Asia to Turkey, the transition zone 
from warm to cold areas, the brazier is used as a 
portable heating and cooking tool.

4.3 Location of combined heating & cooking 
equipment

The main cooking equipment in vernacular houses in 
tropical and low latitude areas is restricted to a fire-
place. However, various kinds of combined cooking 
and heating equipment have been developed on both 
the east and west side of the Eurasian Continent.

A typical cooking and heating equipment sys-
tem is that of a fireplace with a hanging pot, such 
as Ondol in South Korea, Kang in China, Pechka 
in Russia, Kachelofen in Germany, etc. Heating 
equipment similar to Ondol or Kang is found in 
Bulgaria, where the Mongols had emigrated, and 
the pot hangers of Europe resemble East Asian 
pot hangers, especially Japanese ones.

4.4 Local differences in the use of fire

As stated earlier, fire is used in vernacular houses in 
Eurasia for cooking, heating, and lighting. Based 
on the results of this research, the change from 

using fire only for cooking to using fire for com-
bined cooking and heating in vernacular houses 
occurs at around Lat. 40°N. in the west of Eura-
sia and around Lat. 35°N. in the east of Eurasia. 
Incoming and outgoing solar heat change at lati-
tudes over 35°N., so at low latitude areas solar heat 
absorption is greater while there is greater heat dis-
sipation at latitudes above 35°N (Fig. 21).
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(Original data, Isamu HIROTA, 2009, •Global 
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Figure 20. Left: European adjustable pot hanger. Right: 
Japanese adjustable pot hanger (Tsukidate, 1988).
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Research of the values of vernacular architecture heritage concept 
in China•s rapid urbanization

Yuedi
Tongji University, Shanghai, China

ABSTRACT: China•s urbanization rate has risen rapidly over the past 35 years, the urban expansion 
affect severely on the historical and cultural heritages, especially those dwellings and settlements which 
have no legal status, their survival conditions are quite severe. Through the survey to the overall layouts, 
flat structure and construction technologies of these heritages, the paper analyzes that they have both 
historical values and abundant social and cultural backgrounds, On this basis, combines with the concept 
and definition of vernacular architecture, the paper proposes that theses heritages belong to the scope of 
vernacular architecture heritages, and points out their significant values under the background of rapid 
urbanization in China. Finally, the paper elaborates the significance of introducing the vernacular archi-
tecture concept to the urban and rural cultural heritage conservation in China from three aspects: protec-
tion and inheritance, cultural diversity and sustainable development in urban and rural areas.

always come with the thought of favoring large scale 
and western styles. Some rural areas built their new 
hometown according to residential areas in urban, 
using urban elements and styles instead of traditional 
dwellings and pastoral scenery, which lead to the loss 
of vernacular features and traditional culture, there-
fore, lead to homogenization among every city.

2.2 Blindly rebuilt distort history

Tourism has brought huge economic benefits for 
the historical cities since China established histori-
cal and cultural city conversation system. There-
fore, many historical cities that were damaged by a 
variety of reasons in the past have started to rebuild 
the ancient city. However, because the fundamen-
tal aim of this sort of rebuild is the pursuit of eco-
nomic benefits rather than inherit historical culture, 
the •rebuildŽ work usually use modern materials 
and technology, and then add some historic sym-
bols of its most prosperous period. The cities that 

1 INTRODUCTION

Since China•s reform and opening up in 1978, Chi-
na•s urbanization rate risen rapidly from 17.92% 
in 1978 to 53.73% in 2013, this growth indicates 
that, over the past 35 years, plenty of  rural lands 
turn into city construction, the emerging cityscape 
have had great impact on China•s historical cul-
tural heritage conservation. Except those were 
announced as cultural relics protection units or 
historical buildings, there still exist massive tra-
ditional dwellings or settlements which have no 
•titlesŽ that haven•t draw public attention. These 
heritages existed in China•s villages and towns, 
however, were •forcedŽ to get into the cities. With-
out official titles which bring legal protection, 
these heritages are likely to be destroyed by the 
new construction in city, or been deserted due to 
the extensive city growth.

2 DILEMMA AND MISTAKES OF CHINA•S 
HERITAGE CONSERVATION WORK

2.1 Large-scale demolition and reconstruction 
destroy the city pattern and scape

With the city•s economy take-off, large-scale urban 
reconstruction becomes very popular in China. The 
old towns in city are always rebuilt without scientific 
study and meticulous research by city leaders who 
pursue only political achievements, which usually end 
up with the destruction of traditional pattern. More-
over, large-scale demolition and reconstruction are Figure 1. China•s urbanization rate (%).
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their easy access on the mountain. Making best use 
of the local raw materials, Shangqiu dwellings make 
an effective utilization of the natural environment.

According to the Charter on the built vernacular 
heritage (ICOMOS,1999, hereinafter referred to as 
Charter) vernacular may be recognised by •A man-
ner of building shared by the community; A recog-
nisable local or regional character responsive to the 
environment; Coherence of style, form and appear-
ance, or the use of traditionally established building 
types; Traditional expertise in design and construc-
tion which is transmitted informally; An effective 
response to functional, social and environmental 
constraints; The effective application of traditional 
construction systems and crafts.Ž (ICOMOS, 1999). 
Shangqiu dwellings are exactly the native people 
build spontaneously to meet their fundamental liv-
ing needs, to defense flood disaster and invasion of 
warfare. The dwellings use local materials, reflect 
the Confucian feudal ethical thoughts in Central 
Plain, and meanwhile make a variety of evolution 
combine with the natural environment. Therefore, 
Shangqiu dwellings belong to the scope of vernacu-
lar architecture, and should be protected properly.

4 THE VALUES OF VERNACULAR 
ARCHITECTURE HERITAGE 
CONSERVATION IN CHINA

4.1 Promote the conservation and inheritance 
of heritage

According to the Charter, vernacular architecture her-
itage emphasize on protecting the common, local and 
dynamic architecture heritages, as long as the culture 
values and traditional features that are attached on 
them. These principles supplement a lot on China•s 
historical and cultural heritage conservation.

4.1.1 Add the type of protected object
The Charter depicts vernacular architecture as 
•It appears informal, but nevertheless orderlyƒ 
Although it is the work of man it is also the crea-
tion of time...vernacular building is the traditional 
and natural way by which communities house 
themselves.Ž (ICOMOS, 1999). Therefore, vernacu-
lar architecture concern not the memorial build-
ings or artwork that show fabulous skills, but the 
ones aim at utility and satisfy specific needs of the 
residents; they are not only the record of history, 
but also the focus of modern life. There are a large 
amount of dwellings and settlements in Chinese 
villages, which do not have sufficient reasons to 
be identified as protected objects according to the 
current judgment standard of cultural relics protec-
tion units and historical buildings, hence are easily 
to face the danger of being demolished. But these 

plain dwellings are the foundation of the living cir-
cumstance over generations, it is the production of 
the communication between human life and natu-
ral environment, as well as the material carrier of 
local cultural and social ideology. Therefore, intro-
ducing the concept of vernacular architecture help 
to explore the historical and cultural values of these 
common settlements more comprehensively, and 
further complete the protected object of heritages.

4.1.2 Emphasize on the importance of building 
system and construction technology

•The continuity of traditional building systems and 
craft skills associated with the vernacular is funda-
mental for vernacular expression and essential for 
the repair and restoration of these structures...Ž 
(ICOMOS, 1999). With regard to vernacular archi-
tecture heritage, craft skills are not just the process 
of labor, they are also the process of the builder•s 
reading and comprehension to vernacular architec-
ture, they are the medium that present the human 
living needs, labor knowledge on the vernacular 
architecture. The fast urbanization in China now has 
brought new materials and new technology, mecha-
nized production make the human life more efficient 
and economical, thus lead to the loss of traditional 
building technologies. The persist in using and inher-
iting traditional building systems and craft skills is 
the foundation of protecting the material substance 
of vernacular architecture heritage, and also is the 
restoration guarantee when damage occurs.

4.1.3 Emphasize on conservation of the 
settlement and region

•The vernacular is only seldom represented by 
single structures, and it is best conserved by main-
taining and preserving groups and settlements of a 
representative character, region by region.Ž (ICO-
MOS, 1999). The way vernacular architecture 
exists is to form settlements; only in the settlement 
can a single vernacular architecture represent sig-
nificance. The integrated conservation of vernacu-
lar architecture heritage could avoid the large-scale 
demolition and reconstruction, and protect the city 
traditional pattern and historical environment.

4.2 Protect the cultural diversity

•Vernacular architecture heritage is not only the 
witness of real history, but also an alive humanis-
tic culture textbook, a kind of identifiable local or 
regional feature that correspond with natural envi-
ronmentŽ (Shan Jixiang, 2009). Based in the living 
needs, residents of every region give response to the 
nature and society, along with show up variety of tra-
ditional living methods and national customs. Ver-
nacular architecture emerged and exited for human 
life, they are living heritages. It is the conversation 
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among human wisdom, nature and society, even the 
crossover and blending of varieties of human cul-
tures, and they never stop to adjust to each other 
during the passing of time. The conservation of 
vernacular architecture should admit the essential 
changes, accept its features of every historical stage, 
and protect the various types of vernacular archi-
tecture culture, as well as the continuous develop-
ment and evolution of each culture type.

4.3 Promote the sustainable development between 
urban and rural areas

4.3.1 Recognize the right of community and 
residents

•Where there is no break in the continuous utilisa-
tion of vernacular forms, a code of ethics within 
the community can serve as a tool of intervention.Ž 
(ICOMOS, 1999). The residents play a vital role in 
vernacular architecture heritage conservation, and 
the heritage can only be protected well unless the 
dominant status of the local residents is respected. 
In recent years, some of the historical cities in China 
forced the residents to move out of the old city, by 
the name of •conservationŽ. For the residents, once 
they leave their basis of living habitat of generations, 
their traditional living habits and cultural values will 
become more vulnerable when facing the urbaniza-
tion; and for the settlements, leaving the local resi-
dents means leaving its source of nutrition, and the 
buildings will be more like a vacant shell, and will 
possess no distinct features.

In addition, the Chinese rural society is the type of 
acquaintance society; they consider sensibility more 
than sense, and value morality above the law. They 
have a strong sense of responsibility to make their 
community better, which is beyond the non-native 
officials• capability. Thus, for the vernacular archi-
tecture heritages that are involved in the urbaniza-
tion, respect and protect the community•s original 
management structure and local residents• proper 
right to live their live in their way is the best way to 
assure the heritage•s sustainable development.

4.3.2 Meet the demand of China•s new-type 
urbanization

In March 16th, 2014, China enacted the •National 
new-type urbanization planning, 2014…2020Ž, the 
planning ask to insist the principles of •inherit 
cultures and manifest featuresŽ (The CPC Central 
Committee and State Council, 2014), and advocate 
various city forms to avoid homogenization in cit-
ies, according to the natural, historical, cultural 
advantages in different cities. The new-type urban-
ization emphasizes on the people's livelihood, 
ecological civilization, optimize city structure and 
develop •a new path of urbanization with Chinese 

characteristicsŽ (The CPC Central Committee and 
State Council, 2014). The principles of China•s 
new-type urbanization consistent with the concept 
of protecting local culture features and humanistic 
culture diversity that vernacular architecture herit-
age insist.

5 CONCLUSION

Over the past 35 years of China•s fast urbanization, 
a lot of historical and cultural heritages have dis-
appeared due to extensive development and weak 
awareness of heritage conservation, by the time of 
new-type urbanization implementation, introduce 
the concept of vernacular architecture conserva-
tion will help to concentrate more on the common 
dwelling heritages, traditional cultural context and 
the livelihood of people, and promote the harmo-
nious and sustainable development between urban 
and rural areas.
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an informa business

Sustainability is a concept that has monopolised a large number of the scienti�c 
debates in a wide range of spheres connected not only with architecture, urban 
planning and construction, but also with the product market, tourism, culture, 
etc. However, sustainability is indissolubly linked to vernacular architecture 
and the lessons this architecture of the past can teach us for the future. �e 
concept of sustainability as it is presented is wide-reaching and encompasses 
not only environmental issues but also sociocultural and socioeconomic 
questions. �e lessons we can learn from studying vernacular architecture in 
these three broad spheres are manifold, and can help us not only to further 
the conservation and retrieval of this architecture already in existence but to 
rethink new architecture in the light of what we have learned.
 
Vernacular Architecture: Towards a Sustainable Future will be a valuable source 
of information for academics and professionals in the �elds of Environmental 
Science, Civil Engineering, Construction and Building Engineering and 
Architecture.
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