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PREFACE

Without any doubt 2020 has been a challenging year to many of us if not all of us. That is 
when we started to plan for the conference ‘Earthen and wood vernacular heritage and climate 
change’. There were doubts if we will be able to realise the conference. We were struggling in 
making a decision to cancel it or keep the idea and take the risk. We decided to go for it but faced 
many other challenges. The conference is considered a unique one given the opportunity for 

Energy, Sustainability and Climate change plan an international conference together. All under 
the patronage of ICOMOS Sweden and Malmo University in Sweden as the academic host. The 
conference physical event took place in Kulturen museum in Lund, Sweden in parallel to virtual 
streaming. The conference covers 5 main themes

- Vulnerability of vernacular buildings to climate change

- Natural materials and building conservation (techniques and methods)
- Education in sustainable development for vernacular heritage buildings
- Vernacular built heritage in post COVID-19 world.

We received 168 abstracts from over 49 countries in 5 continents. 98 abstracts made it to full 

countries. The conference proceedings are in both hard copies which can be ordered from the 
publisher directly and also available as an open access downloadable copy from the conference 
website.

committee members who helped us along the review process for both abstracts and full papers. 
Without your dedication and hardwork, we wouldn’t have made it. We thank ICOMOS Sweden 

All gratitude to the organizing team and the planning team for their help.

Marwa Dabaieh 
Conference chair
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The ICOMOS International Committee for Vernacular architecture was established in 1976. 

and revitalization of vernacular architecture, in keeping with ICOMOS’ objective to foster 

promotes conservation principles, standards, research, responsible practice, innovation and 
knowledge about the built vernacular heritage. According to its strategy established in the year 

intangible heritage, to provide a forum for the examination of the built vernacular heritage and 
to provide specialists with advice on its conservation.

The CIAV Newsletter is a quarterly digital publication that showcases some aspects of CIAV 
members’ activities, their academic research, professional work and news. The newsletter is 
available on CIAV website and welcomes contributions and interactions from all specialists and 
enthusiasts of the vernacular heritage around the world.

aspects and qualities of the vernacular built heritage, such as the use of local building materials, 
the understanding and respect of local environmental characteristics and the valorisation of 
traditional wisdom and approaches to sustainable lifestyles. The restriction on cross borders 
movements that were imposed by the corona virus pandemic made the need to draw lessons 
from the vernacular heritage more obvious than any time before.

The study of the vernacular built heritage and its conservation is a multidisciplinary subject. 
CIAV’s discussions, publications and activities identify crosscutting themes that require 

and professional institutions specializing in the vernacular heritage or related aspects. Themes 
of discussions and collaboration could be on technical issues such traditional building materials 

could also be discussions of anthropological, theoretical or environmental issues. The theme of 
the Lund conference is a perfect example for the collaboration on a crosscutting theme: Earthen 
and wood vernacular heritage and climate change.

 Another example is the collaboration between CIAV and VERNADOC on the documentation, 

localities around the world. VERNADOC camps that are usually held before CIAV conferences 

professional practices with academic research. They also initiate a dialogue and an interaction 
between traditional local communities and international vernacular heritage specialists.

Hossam Mahdy, PhD
ICOMOS-CIAV President

International Committee for Vernacular architecture - CIAV 
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ICOMOS committee on earthen architecture, was founded in 1987. The actual ICOMOS - 

in 2005, after some years of the preceding committee’s inactivity. At present, ISCEAH has 142 
between Experts, Associate Members and non-ICOMOS members, being one of the largest 

committees focused on In-Use architecture, Archaeology, Landscape, Technology, and Seismic, 
and two working groups: Emerging Professional and Climate Change. 

For more than 15 years, ISCEAH committed to rising awareness, spread knowledge and 
encourage preservation of earthen heritage by supporting dissemination and educational 

2025 World Congresses, giving support for the evaluation of earthen World Heritage sites, 
encouraging collaborations with other ISCs, as in the case of this joint conference.  

ISCEAH, a committee that has been initially created to study and disseminate knowledge 

concerns: the climate change, the need of ecological and low-cost housing, the containment of 
energy consumption, the necessity to adapt and re-use old buildings. We are looking towards 

from past construction methodologies.
Moreover, the pandemic events of the past one and a half year seem to put historical town 

better than in large cities, on a human scale.

The Committee is aware of the unique link between contemporary and historical architecture 

performant, healthy, and environmentally sustainable. 

Through the work of its 5 sub-committees, ISCEAH committed to focus during the upcoming 3 
years on the elaboration of two important operational instruments, the glossary and the charter 
on earthen architecture, with the intention to assist with technical knowledge and facilitate 
activities of conservation and reuse of earthen heritage.

At the same time, observing the latest global development in architecture, ISCEAH is considering 
giving support to the next wave of construction and refurbishment, by enhancing research and 
technical capacity and providing support on adapted conservation actions and the correct use 
of the base material.

Maddalena Achenza, PhD
ISCEAH President

ISCEAH
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the introduction of the EPBD (Energy Performance in Buildings Directive) by the European 

Ireland hosted the ICOMOS Adcom meeting in 2010 and most of the talk was about the potential 
damage an energy upgrade might do to our heritage and traditional buildings. It was proposed 
at this meeting to establish a working group to study the matter. ICOMOS Ireland, ICOMOS 
Belgium and ICOMOS France set up this working group and over the following few years 
reports were presented at the annual ICOMOS meetings. At the meeting in Paris, France in 

Meeting in 2013. 

The committee grew in numbers gradually over the years and the primary objective was to make 

initiatives as possible to learn, disseminate proper information and to promote the correct and 

Members of the bureau and committee shared much information and volunteered to speak at 
any relative conferences on the subject. 

connectivity between the ISCES and the SDG working group – we always had an ISCES 
member on that group. 

Similarly, when the ICOMOS Climate change Working Group was formed the ISCES became 
heavily involved and active. Members of the ISCES were very prevalent in the writing of the 
Future of our Pasts report. 

In 2019, the EU presented the concept of the European Green Deal. Initiatives such as the 
New European Bauhaus and the Renovation Wave followed. This year, the European Energy 
and Building Directive is also to be revised. ISCES is actively involved in the discussions and 
ICOMOS activities and is committed to ensuring that cultural heritage issues are embedded in 
the emerging policies. 

ISCES has now over 60 interested members who form a strong network across continents. 
It is our conviction that the great challenges we face as advocates of cultural heritage with 
increasing climate change can only be overcome with joint forces. Therefore, we will continue 
to seek for close collaboration with partners in and outside ICOMOS. 

In this sense, ISCES has appreciated to bepart of the 6 ISC Joint Conference Advancing Risk 
Management for the Shared Future in early 2020 which was a great success.  We now look 
forward to joining, promoting and participating in this initiative and express our hope that the 
event will meet with a broad and interested audience. 

Peter Cox, Helen Wilson, Rosa Milito and Franziska Haas 

ISCES + CC
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The ICOMOS International Committee for Wood was founded in 1975. After some inactive 
years, the Committee has restored its activities with the number of members increasing 
annually. At present, IIWC has 118 members in total – 102 Experts and 12 Associate Members. 
The Committee is continuously growing and is one of the largest ICOMOS International 

Architecture, Wooden Buildings of Faith, a Glossary and Emerging Professionals. The IIWC 
also participates in the ICOMOS Sustainable Development Goals (SDGs) Working Group 
(SDGWG). 

The objective of the IIWC is to promote international cooperation in the preservation of wooden 
buildings and structures and to advise on the development of ICOMOS programmes in this 

A series of international symposia have been organized since 1977, the most recent being 

on the Analysis and Restoration of Structures of Architectural Heritage), Guadalajara, Mexico 
(2012), Himeji, Japan (2013), Falun, Sweden (2016) and Bilbao, Spain (2019). The Principles 
for the Conservation of Historic Timber Structures were adopted in 1999. These soon prompted 
discussions with demands for revision, and changes and amendments were discussed widely 
among our members. The revised version, Principles for the Conservation of Wooden Built 
Heritage, was adopted at the ICOMOS General Assembly in Delhi, India in 2017. 

The Committee has broadened its areas of interest which the updated Principles display, 
including a wider range of historic timber buildings, such as temporary and evolving structures, 
crafts, workmanship and traditions, as well as recognition of the vulnerability of this material. 
It also emphasizes awareness-raising, and networking between our members, as well as with 
other experts.  

Through our working groups, special attention is given these subjects, and in particular the 
search for digital tools for an international wooden architecture glossary. Recently, work has 

will help feed the Journeys to Authenticity project that the ICOMOS Emerging Professionals 
Working Group is leading.  

Finally, networking between our members has become a fruitful part of the Committee. Meeting 
each other physically at the symposia held yearly until the pandemic, with their opportunities 
to connect and discuss particular problems has given rich experience to our members. This also 
enhances research and technical capacity and provides support on the real life problems our 
members face, a strategy we intend to develop further. 

Mikel Landa 
IIWC President 

ICOMOS International Wood Committee - IIWC 
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Vulnerability of vernacular buildings to 
climate change
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The Accumulated Aesthetic Quotient of Vernacular Architecture 

from the View of Environmental Change 
 

Meng Kang 
 

Kunshan City Construction Investment Development Group Co., Ltd., Kunshan, China 
 

ABSTRACT:"Land Routes in Watery Place" is an architectural technique adopted in the construction of Kunshan 
Zhi Hetang, which was recorded in "Mengxi Bi Tan"(Dream Pool Essays)(1088). Pioneering the technology of 
borrowing soil from water is a major innovation in the history of China's water conservancy. It has been widely 
used in the middle and lower reaches of the Yangtze River water villages such as Yitian, embankment, stacking, 
bridge construction, and building construction. It is a native soil of the middle and lower reaches of the Yangtze 
River since the Song Dynasty The wisdom of architecture. The article has an in-depth understanding of the impact 
of the construction technique hidden in the "Land Routes in Watery Place" on the traditional building materials 
and the thinking behind the architectural form of the Jiangnan water village in China. Take the disappeared 
Wenchao Pavilion as an example to examine the aesthetic value of vernacular architecture. Kunshan villagers 
have had the custom of watching tides since the Song Dynasty. As the coastline changes, the Wenchao Pavilion 
with a very high aesthetic quotient of vernacular architecture has also changed its location. The article focuses on 
the urban spirit represented by the vernacular architecture in the local cultural context, which is a sign of 
environmental changes. And points out that the disappeared "Land Routes in Watery Place" are fragile in the face 
of urban modernization. However, in the face of natural conditions and human development, it has made an 
excellent answer to the question of balance. Today, our rivers disappear in the city and become the sewage outlet 
of the city. The climate and environmental problems are becoming more and more serious. Understanding the 
local spirit behind the "Land Routes in Watery Place" is important to us. 

 
KEYWORDS: Zhi Hetang; Wenchao Pavilion; Environmental Change 

 
 

There was a prophecy of the Number One Scholar 
if tides pass Yiting that spread in Suzhou and came 
true several times since the South Song Dynasty. This 
prophecyalso reveals the self-understanding of the 
masses between the destined of choice and the 
difference in morality. Wenchao Pavilion is the outer 
space where the Number One Scholar grows and the 
inner space of the city where the water conservancy 
environment is out of focus The "gap" in the space 
allows the public to express their own foothold into a 
meaningful environment in the space. The article 
focuses on how to define the meaning of Wenchao 
Pavilion which is a disappeared vernacular 
architecture, This article examines Wenchao  
Pavilion’s location, spatial configuration and 
characterizing articulation based on Christian Norberg  

Schulz's theory of Genius loci and focuses on how it  
it becomes the objects of man  s orientation and 
indentification in Kunshan. 

The meaning of the technique of "Land Routes in 
Watery Place" is simple, but it has far-reaching 
meaning-the villagers obtain the meaning of living 
space by taking soil in the water, and in the form of 
returning to nature, they remove the cover of the 
rational identity of the masses by the gods in ancient 
Chinese mythology. The identity of the public's self-
identity is returned to the urban space. At the same 

 
time, the article analyzes the spatial characteristics of 
the use of "Land Routes in Watery Place" in different 
places. Through the behaviors and thoughts of the 
public recorded in Kunshan historical documents, it 
identifies the direction, communication and justice of 
these spaces, and finally understands what is Genius 
loci. The relationship between vernacular architecture 
and the enlightenment of how we should establish a 
connection with the world space order during the 
COVID-19 pandemic. 
 

 

The problem to be solved by the theory of Genius 
loci is the problem to be solved by poetry, that is, how 
do we return to things and how people live in the 
environment to find a foothold in the environment by 
removing the concealment of truth from abstract 
ideas and Identifying the orientation of  
self-behavior. Christian Norberg  Schulz believes 
that Identification and orientation are primary aspects 
of man  s being-in-the-world. Whereas  
identification is the basis for man s sense of belonging,  
orientation is the function which enables him to be 
that homo viator, which is part of his nature.[1] 
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"Land Routes in Watery Place" is a technology 

during people building Zhihetang.[2]The method of  
the Land Routes in Watery Place  for building ponds  
and embankments to Zhi Hetang has been widely 
spread, especially in the middle and lower reaches of 
the Yangtze River, such as polder, embankment, 
stacking fields, and housing construction projects. 
Construction and development of low-lying areas. 
Shen Kuo, a great scientist in the Song Dynasty, wrote 
this water conservancy project in his scientific 
masterpiece "Mengxi Bi Tan" with the title "Land 
Routes in Watery Place".  

Because Suzhou was a land of water, there was 
nowhere to find the source of earth to finish 
construction for hydraulic works of Zhihetang. At that 
time, some people in Kunshan came up with a good 
way to use reeds or bamboo to weave thick mats in 
the water, or use straw, straw and other dry grass as 
walls, planted in two rows, 0.9 meters apart. At a 
place 18 meters away from the wall, build another 
same wall, remove the silt in the water and fill it with 
the straw and straw in the two walls, wait until the silt 
is naturally dried and compacted, and then pumped 
out between the two walls by a water truck The 
original river water, then the 18-meter-wide soil 
between the two walls was exposed. Leave one half 
as the foot of the embankment, and dig the other half 
as a channel, and the soil taken out is piled into the 
embankment. When designing, a bridge was built 
every 1,500 meters so that the water from Wusong 
River in the south and Yangcheng Lake in the north 
could still circulate.[3]  

To tell the story of "Land Routes in Watery Place" 
is to provide that Personal  foothold  implies an  
understanding of a shared environment which is a 
common place.[4]The birth of the technique of "Land 
Routes in Watery Placee" can be traced back to 6000 
years ago. The Chuodun Mountain in Kunshan is 
known as "China's Earth Pyramid".Chuodun Mountain 
is named in memory of Huang Fanchuo, a court 
musician in the Tang Dynasty. Kunshan historical 
documents record that Huang Fanchuo taught 
villagers "San Fan Yu"(A genre of music) here, [5] 
formed the enlightenment of Kunqu opera. People 
built Chuodun Mountain with the soil in the water, 
and the original function was to be used as a sacrifice. 
Then, people used the names of celebrities to 
recognize the mountains and personified the place, 
thus gaining the continuation of the prestige. From 
this story, we can see that the ancestors of Kunshan 
tell stories to gain their sense of direction in the 
space, which shows that the way the villagers 
perceive the narrative space of vernacular 
architecture has obvious directivity, and this 
directivity is people looking forward to the power 
gained from space. 

 
 

One of man  s most fundamental needs is a  
meaningful environment. Also, economic, social, 
political and cultural intentions have to be 
concertized in a way which respects the genius 
loci.[6;182]"Land Routes in Watery Place" also gives 
the people living space in economic and cultural 
aspects. The article will focus on how the ecological 
function of "Land Routes in Watery Place" makes 
people become a part of nature and find the meaning 
of space. 
 

As a water conservancy project for the people's 
livelihood, Zhihetang itself is also a necessary route 
for water transportation. The development of 
people's livelihood requires the reconstruction of the 
local water supply order, and the development of the 
central government in the Song Dynasty requires the 
smooth continuation of the water transport 
system.The earliest and largest government-run 
granary in Kunshan was the "Changping Warehouse", 
which was built in the Song Dynasty. In 1057, Han 
Zhengyan, a local official in Kunshan, built the Zhi 
Hetang Long Dike during his tenure, and at the same 
time applied to the imperial court that the grains and 
taxes that had to be turned over to the national 
treasury should be kept in Kunshan nearby; and the 
excess materials from the Zhi Hetang Long Dike 
should be used to build it. In the first year after the 
establishment of a warehouse for storing grain, 13 
million kilograms of grain was stored here. [7]This can 
reduce the cycle and cost of food transportation for 
the people, which not only solves the problem of 
peasants from being exploited by usury when there is 
no connection, but also makes the local area no 
longer worry about famine, and greatly guarantees 
the interests of the people.  

The method of "Land Routes in Watery Place" is 
ecological and realizes the harmonious coexistence of 
man and nature. The method of digging rivers and 
levees in water was invented by the working people in 
the Taihu Water Net Polder during the Northern Song 
Dynasty. It seems simple, but it is very practical to 
adapt the measures to local conditions and take local 
materials. It has a history of nearly a thousand years, 
and there is still some reference for carrying out 
farmland water conservancy projects in the water 
network area. Not only did it provide an excellent 
answer to the design of the bank and canal section in 
the stagnant area, but also achieved an ecological 
balance by combining the local environmental 
characteristics. Because the Taihu Lake area is rich in 
rice and bamboo, the construction materials of Zhi 
Hetang are all made of thick bamboo mats.[8]The 
ecological nature of"Land Routes in Watery Place" is 
still in the agricultural customs that have been passed 
down for thousands of years in Kunshan. The 
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fundamental reason why these ancient traditional 
customs can be passed on is that they can adapt to 
the production and life requirements of people at that 
time, and become a spiritual and cultural wealth that 
has been passed down from generation to generation. 
 

Through the "Land Routes in Watery Place", the 
contradiction between human and nature 
development has been resolved, not only because of 
the sustainable economic development model 
embodied in it, but also because the "Land Routes in 
Watery Place"teaches humans to treat nature with an 
ecological development perspective. Treat one's own 
production and life activities and implement rational 
continuity to the end. 
 

People will call it "The Coming Community” of  
Land Routes in Wartery Place on how to deal with 
related water conservancy matters and the order of 
local collectives for production and water use, the 
order of ecological environment, and the order of 
spiritual coexistence. To understand "Land Routes in 
Wartery Place" from a spiritual perspective, it is in 
fact a reflection of people's social structure and way 
of living. It often manifests as a reflection of a number 
of rules, solidified in the traditions generally accepted 
by the masses and derived from nature. The changes 
and challenges of the environment continue to 
constitute an impact on the existing order. The water 
culture represented by "Land Routes in Wartery 
Place" has a long history, and it has given us countless 
things. 

There are five major benefits of "Land Routes in 
Watery Place": First, it is convenient for boats to 
travel, second is to open up fields, third is to collect 
sufficient rent, fourth is to prevent thieves from 
infesting, and fifth is to prohibit illegal traders. [9]The 
built space provides support for people in all aspects, 
but the power used in the construction process of the 
space can explain how people form a community. The 
article will examine the relationship between people 
and gods in the process of Zhihetang s construction 
to exaim how does identity manifest meaning.  

In Qiu Yuquan s "Zhi Hetang Ji", it is recorded 
that when people started to block the river, the wind 
screamed, the sky was dim, and the rainstorm was 
thundering. People hurriedly used working animals 
(cows, etc.) to make sacrifices to the gods. The rain 
stopped in the middle of the night, and the sky was 
clear at dawn, and the project was finally able to 
proceed smoothly. The common people think that the 
gods help. The project, which was originally planned 
for one month, was completed in only 19 
days.[10]People use the power of gods to complete 
large-scale water conservancy projects, in fact, they 
want to obtain a sense of order in their living space. 

When they do not have the power to find their own 
foothold in the space, people They tend to ensure the 
stability of social order and spatial order through 
traditional rituals and religious gods that collectively 
believe in.  

Use the same water resources for irrigation, 
connect with each other by the canal, recognize the 
common principle of water supply, and bear the 
corresponding obligations-the drainage autonomous 
organization formed on this basis can be regarded as 
a "water conservancy community." While the 
members of the community are "equalizing" their 
interests, they are also facing endless conflicts and 
adjustments of interests. People here include 
research on the relationship between individuals and 
collectives, the state, and society. 
 

 

The relationship between people and space and 
how people obtain justice between wisdom and 
power is the main purpose of "The Spirit of Place" 
(Genius loci) to describe the sense of direction and 
sense of identity of the place. The controversy 
aroused by Wenchao Pavilion is that the relationship 
between the Number One Scholar and the 
environment is unbalanced, that is, where does the 
knowledge come from, and how much people master 
it determines the justice of their behavior and shows 
their moral differences. 

This is because the world of the Number One 
Scholar is the history of his own subjectivity. In limited 
reason, he has obtained the lofty moral spirit and 
freedom of behavior through the attempts of 
changing the agglomeration of spatial functions and 
resisting unjust ethical judgments. 
 
 

Wenchao Pavilion means asking tide which time 
it will come to Kunshan, and it was first built in the 
Chunxi reign of the Southern Song Dynasty. As early 
as the early years of the Southern Song Dynasty, 
Kunshan had a saying that "The tide passed and the 
Number One Scholar came out", but decades later, 
Kunshan still did not have a the Number One Scholar. 
In order to comply with the prophecy that "the tide 
passes only thethe Number One Scholar comes out", 
people build a Wenchao Pavilion outside the 
Xiaoximen in Kunshan city to pray for the champion of 
Kunshan students. After Wenchao Pavilion was built, 
in 1184, Kunshan native Weijing finally got the the 
Number One Scholar[11]. People believe that it is 
because the tide of the East China Sea finally rushed 
through Kunshan and rushed to Weiting, Kunshan 
only got the top prize. 
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According to Local Gazetteers of Suzhou, 
although Kunshan is close to the rivers and seas, there 
has been no sea tide since ancient times. It was not 
until the Song Dynasty that sea tides began to flow 
into the city's rivers. The tides in Kunshan started in 
the Shaoxing period of the Southern Song Dynasty 
(1131-1162) and ended in the Kangxi period of the 
Qing Dynasty (1662-1722).[12] The sea tide in 
Kunshan is a natural phenomenon. In addition to 
being affected by tidal activities, it is also because 
after the Northern Song Dynasty, people have 
intensified the improvement of the river channel. 
From the Shaoxing period in the Southern Song 
Dynasty, the sea tide began to flow into Kunshan 
territory, and then as the coastline moved eastward, 
the inland waterway gradually Silt, the tide will never 
come again. Wenchao Pavilion not only marks the 
prosperity of science and education in the place since 
ancient times, but also symbolizes the spirit of 
Kunshan people to stand up to the forefront and be 
the first in the world.  

The effect of the prophecy "The tide passed and 
the Number One Scholar came out" has also spread to 
Suzhou, and Suzhou officials have successively passed 
the entrance examination for the champion because 
of the tide coming to the city. But Kunshan is the 
source and gathering point for practicing this 
prophecy, not only the Wenchao Pavilion, but also 
related rivers, bridges and streets named after the 
Number One Scholar.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Due to the changes in the environment, the 
location and form of Wenchao Pavilion have been 
changing, but the people of Kunshan in the past have 
sustain rientation and Indentification of this space. 

Christian Norberg  Schulz holds the opinion  
that the development of individual and social identity 
is a slow process, which cannot take place in a 

continuously changing environment.[13] When 
narrating the subject of the acquisition of the 
subjective identity of Wenchao Pavilion and the 
public, the description of space and residence is the 
main form of implementation of Local Gazetteers of 
Kunshan. The narrator  s shaping of each  
environmental space, namely Wenchao Pavilion, 
makes it play a focal function relative to the 
surrounding environment of the city and the sea. 
However, the meaning of these spaces has always 
been opposed to the continuous development of the 
city. Due to changes in the environment, Wenchao 
Pavilion disappeared and rebuilt.  

In 1250, the magistrate Xiang Gongze renovated 
the Wenchao Hall again. Two hundred years 
later,people restored it in 1452. Then, the county 
magistrate Song Yi built another Wenchao Pavilion 
beside the Yulong Bridge outside the east gate of 
Kunshan in 1543.[14]  

The migration of Wenchao Pavilion with 
environmental changes shows that it is possible to 
preserve the genius loci over considerable periods of 
time without interfering with the needs of successive 
historical situations.[15] In the city where villagers live 
in Kunshan, every citizen wants to reshape the 
Wenchao Pavilion to save the settlement order and 
environment, and constantly finds the identity of his 
previously lost self-identity, so the disappeared 
Wenchao Pavilion is in The public's narrative becomes 
a landscape, an environmental space that allows the 
public to recognize the justice of their behavior and 
identify the direction of the environment in which 
they are located. 
 
 

Not only did the Kunshan people  s spiritual  
needs obtain an existential foothold for theWenchao 
Pavilion, but also the Kunshan people to create a lot 
of folk activities. Since the Song Dynasty, the county 
magistrate of Kunshan must be in the Wenchao 
Pavilion before the autumn season. Setting a banquet 
to see off the candidates was one of the most solemn 
etiquettes at the time. The villagers also go to see the 
tide on August 18th every year. It  
also forms a fixed landscape.   Lou-Guan-Qiu-Chao  
means the autumn tide of Louguan is one of the 
"Eight Scenic Spots of Kunshan". "Lou Pavilion" refers 
to the Wenchao Pavilion built on the bank of the Lou 
River, and "Autumn Tide" refers to the tide on August 
18[16].  

Shen Danan, a jinshi in the second year of Jiajing, 
recorded in "The Story of Chaowei Tower" that people 
in Kunshan have been waiting for the tide to explore 
the holy way since ancient times. The beauty of the 
United States has been passed down from generation 
to generation, and the good fashion of 
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advocating literature and courtesy, promoting 
learning and cultivating talents has been passed down 
from generation to generation[17].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
The change of tides has brought an impact on 

the environment, but people use the existential 
foothold to obtain collective continuity, and finally, 
live in the living space poetically. This is the strength 
that the disappeared Wenchao Pavilion gives us. 
Wenchao Pavilion has become the integration of 
human and natural order in the changing 
environment, and is our most direct and specific 
center to the outside world. 
 

 

The article analyzes the vernacular architectural 
method of"Land Routes in Watery Place" based on 
the theory of place spirit, reveals the interaction 
between man, god and nature in Zhihetang water 
conservancy project, enabling the public to realize the 
sublime self-discovery through the development of 
behavior and psychology in the urban space , And 
regained the power of morality there. In the third part 
of the article, the article takes Wenchao Pavilion and 
the Number One Scholar culture as examples to 
analyze how people can regain their identity in the 
changing space. Different from the past, the article 
applies the theory of place spirit to the disappeared 
historical building space and finds it People should 
always find yourself in the storyline. Although the the 
Number One Scholar in Wenchao Pavilion retrieves 
his name through a prophecy, it also reveals to us that 
no matter what our identity, we should be in the 
suffering and the environment us is in. Continuing to 
gain a sense of direction and identity in space will 
eventually connect us together to face the new 
challenges of urban development. 
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 chemical factors (metals, moisture, 

acidity, UV),

 biological factors (microorganisms, 
animal insects),

 man-made factors (sudden, 
accumulative). (8)

3. Renovation project information  
3.1 Location  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Nanlao spring Pavilion aerial shot orthographic  

Nanlao spring Pavilion is located on the west side 
of the Shengmu Temple in Jinci , the east side of the 
Shuimu Temple which is directly in front of it, Shuimu 
Temple’s lower is Nanlao spring, spring water to the 
east into the ruins of the Zhibo canal(Fig. 2). 
 
3.2 Meteorological data  

The project is located in Taiyuan City, Shanxi 
Province, deep inland, far from the coastline, warm 
temperative continental monsoon climate, Shanxi 
Province has the average annual precipitation of 
468.3mm(Fig. 3). Spring and autumn seasons are short 
and windy, and the wet and dry seasons are clear.  
 
 
 
 
 
 
 
 
 
 
Figure 3: Average annual precipitation in Shanxi Province, 
1961-2018. Source: China Meteorological Disaster Yearbook 
2019  
 
 
 
 
 
 
 
 
 
 
Figure 4: Average annual temperature in Shanxi Province,  
1961-2018. Source: China Meteorological Disaster Yearbook 
2019 

 
 

   
          

     

    
           

 
 
Figure 5: Average temperature, humidity and rainfall in 
Shanxi Province: 2009-2018 Source: (9). Mapping: drawn by 
the author  

The average temperature in this area is increasing 
year by year(Fig. ), although the overall precipitation 
is less and humidity is low, but the rainfall is 
concentrated in the summer(Fig. ), the years 
recorded many floods, at this time the temperature 
and humidity are higher, easy to accelerate the decay 
of wood, or under the influence of biological factors, 
the preservation of wooden heritage buildings is not 
conducive. 
 
3.3 Hydrological data  

Nanlao spring is located in Jinci Spring Area, due 
to the region's annual overexploitation of 
groundwater resources and large-scale mining and 
other human activities, the spring water in 1994 was 
cut off, the current spring water for artificial water 
diversion and pressure(Fig. ).  
 

 
     

     
     
     
     
     

 
Figure 6: Spring flow: 1954-1994 (6). Mapping: drawn by 
the author  

The co-action of human activities and climate 
change has led to significant changes in the climate 
environment in the region. The decrease of spring 
water volume is closely related to the decreasing 
water level, which leads to the loss of water in the 
foundation soil pores of the Nanlao Pavilion and 
Shuimu Temple built on it, which causes uneven 
subsidion of the foundation. (10) 
 
3.4 The repair process  
3.4.1 Survey identification  

For the foundation 
Under the action of flowing water, the whole 

stratum of Nanlao spring Pavilion's foundation inclines 
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from west to East, but it remains relatively stable. The 
stone components of the building are well preserved as a 
whole, but some of them are damaged in the West;  

For wooden structure:  
The wooden parts of the columns were well 

preserved, but they all incline eastward with the 
pavilion as a whole. The two columns on the east side 
were inclined most obviously, with no 
Cejiao(engineering practice of tilting the column body 
inward) and nearly vertical. The oil decoration on the 
column body fell off partially, and the Dizhang (the 
base treatment of wood before using oil paint) was 
exposed;  

Some of the Dougong deviated from the original 
position, and some components of the Dougong and 
purlin split. Some of Dou were displaced;  

The members of the beam frame were displaced. 
From the Pingban tiebeam and Efang tiebeam of the 
column head to the purlin, the Chuancha tiebeam 
(penetrating tie) and the Youqiang (inverted V-shaped 
brace) of the upper part, there were different degrees 
of skew and disjoint, and the east side was the most 
obvious . Some purlins split, especially in the 
southwest corner. The purlin  in the southeast corner 
were obviously affected with damp;  

For roof structure:  
Recently, Jinci Museum has partially replaced the 

eaves tiles of the pavilion to temporarily relieve the 
rain seeping from the eaves. But the place where the 
old and new plasters are connected and the place 
where the old and new ridges are connected are easy 
to crack, which is not conducive to long-term 
protection;  

Many tile ridges on the roof were displaced, and 
the mortar of tile ridges near Baoding(the 
components at the top of the Pavilion) was broken 
and fell off seriously; The second layer of Baoding 
pearls cracked and partially fell off;  

Damage caused by climatic causes includes base 
subsidon, as well as corresponding load-bearing 
changes, structural deformation, component 
displacement, and component dampness. The 
damage caused by wood itself includes performance 
degradation caused by decay and splitting caused by 
exceeding the designed bearing capacity. 
 
3.4.2 Repair measures  

The east part of the foundation was rebuilt during 
the repair;  

After the foundation and column foundation were 
repaired, the ground was tamped and the floor tiles 
were laid again;  

The column was moved back to its original 
position, and the column body was decorated with 
floor tiles and paint;  

Reinforced or replaced the split purlin which can 
not be used any more; 

 
Removed the beams with all the structures above 

the Dougong, then restored the misplaced columns, 
beam braces and Dougong, and leveled them;  

Replaced the Chuanzi(eave rafters), Lianyan  
(eave edgings), Wakou(tile edgings) and 
Wangban(roof boardings) that cannot be used any 
more;  

Uncovering tile roof, repairing all kinds of 
incomplete tiles and ridge decoration components. 
 
3.5 Digital mapping and BIM  

Digital mapping was carried out before and after the 
renovation project, according to the point cloud 
mapping information, the point cloud data was drawn to 
draw the building plan of the Nanlao spring Pavilion, the 
elevated map of each facade, the top view of the tile, 
the view of the beam frame, the cross-sectional profile, 
the detailed map of the typical arch structure, etc. (11) 
The Revit family(Fig. 7) is established through the Revit 
software to record the damage and repair status. Then 
Building Information Model of the Nanlao spring 
Pavilion is established(Fig. 8) to realize the digital, 
information and visual management of the building 
body and building components in the future.  
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Revit family model of Dougong. (The Revit family 
is the basic component of BIM)  
 
 
 
 
 
 
 
 
 
 

Figure 8: Building Information Model of Nanlao Spring 
Pavilion. 
 
4. Analysis and conclusions  
4.1 Finite-element analysis  

The BIM model established by the mapping data 
before and after the renovation of the Nanlao spring 
Pavilion is imported into ANSYS software. The model 
needs to be simplified here for force analysis.  

Material properties setting: Due to the lack of 
relevant wood experimental data, calculate the use 
of Chinese cultural heritage building commonly used 
fir properties as a reference value (12), and combined 
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with GBT50165-2020 adjustment coefficient to set 
the material mechanical properties.  

Due to the long period of self-weight load and 
external load experienced by the Nanlao spring 
Pavilion, the beam column connection can be 
simplified to rigid connection (13).  

Calculating the static effects of the wooden 
structure of the Nanlao spring Pavilion before and 
after the renovation is as follows:  
 
 
 
 
 
 
 
 
 
 
 
Figure 9: static equivalent stress diagram before repair  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: static equivalent stress diagram after repair 
 

It can be seen from the stress diagram that the 
stress distribution of each load-bearing column 
before the repair is uneven, and the two load-bearing 
columns on the east side bear greater pressure due to 
the overall deformation and eastward inclination of 
the wooden frame(Fig. 9 )(Fig. 10). The repair project 
has improved its stress situation and restored the 
overall stability of the wooden frame. In addition, the 
stress distribution of each load-bearing component 
can be obtained intuitively from the figure. 
 
4.2 Vulnerability index and damage atlas in the 
project  

The vulnerability index assessment factors for 
wooden heritage building in this case available from 
renovation projects include:  

1) Analysis of the factors affecting the 
deteriorating of wood materials by the climatic 
environment: data such as temperature, humidity 
and water content obtained by daily monitoring 
should be included, which can be quantified by using 
the Schef er’s Climate Risk Index(CRI) (14):     

(14) 

 
2) Cultural relic building itself: with the help of the 

comparison between the finite element stress 
analysis and the design index, as well as the daily 
monitoring and recording system of the structural 
form, the following factors can be included in the 
quantitative analysis:  

 Site environmental monitoring: the 
Nanlao spring Pavilion is built on the 
spring, and its foundation is affected by 
the change of spring quantity and water 
erosion

 Load   bearing   column:   stress   and

deformation of load-bearing structure: as 
Nanlao spring Pavilion is an open beam 
column timber structure without wall 
enclosure, its load-bearing column, as 
the bottom supporting structure, bears 
the maximum stress in the stress system, 
so its component condition is the most 
important to the Pavilion. The possible 
damage of components is skew and split. 

 The stress and deformation of other load-
bearing members:
a. Dougong: from the repair survey and 
stress diagram, it can be found that the 
main reason for the damage of Dougong 
components is that the supporting 
structure is inclined, which is prone to 
split and displacement  
b. Beam and tie beam: due to the 
influence of structural inclination, the 
pressure is concentrated, and then 
compressed, displaced and detached. (15) 

 
5. CONCLUSION  

This paper summarizes the impact of climate 
change on the vulnerability of Nanlao spring Pavilion, 
a wooden heritage building, which is mainly reflected 
in the deformation of load-bearing structure and the 
deterioration of wood materials.  

The continuous increase of the mean temperature 
and over excessive exploitation of groundwater lead 
to regional climate change and spring water cut-off, 
the foundation of Nanlao spring pavilion built on the 
spring has uneven settlement. Uneven settlement of 
foundation results in deformation of load-bearing 
structure and damage of load-bearing components. 
The deformation of load-bearing structure makes the 
building waterproof performance decline, and 
accelerates the damage process of wood 
components. The climatic characteristics of rainfall 
and concentrated heat and humidity in this area are 
also unfavorable factors for the protection of this 
cultural heritage building.  

The repair project effectively solved the 
deformation and component damage caused by 
settlement, and replaced the decayed wood 
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components. A large number of data collected in the 
repair process can be the beginning of establishing 
the preventive conservation information system of 
cultural relic buildings closely combined with daily 
monitoring and maintenance. In this paper, BIM 
heritage building information model as the core, the 
idea of establishing and quantifying the vulnerability 
index of wood heritage buildings affected by climate 
change under the concept of preventive 
conservation, can provide a solution for it.  

Cultural heritage belongs to the precious wealth 
of all mankind. To preserve and repair it, we need to 
uphold an inclusive attitude. Through multi-
disciplinary cooperation, the use of preventive 
conservation concept, monitoring system and 
information management system related technical 
achievements, and closely combined with the actual 
situation of the project, we can form a unique 
preventive conservation practice of Chinese local 
wooden heritage buildings. 
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ABSTRACT: Huo-tang is a one square meter pit made of stone or brick used to light a fire in a traditional house . 
Under the condition of single energy structure, Huo-tang has great influence on indoor thermal and wet 
environment of traditional wooden houses in Xiangxi. In this paper, a traditional house using Huo-tang was 
selected to evaluate the indoor thermal and wet environment. The temperature, humidity and illumination were 
tested to analyse the effective scope of Huo-tang. The results show that Huo-tang is helpful for the improvement 
of the indoor thermal and wet environment, but the overall indoor humidity of traditional wooden houses in 
Xiangxi is still too high. In addition, it was demonstrated that the thermal , wet environment and the living habits 
of the occupiers have a close relationship with the use of the Huo-tang. This paper will offer a theoretical 
reference for the protection of traditional wooden houses. 
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1. INTRODUCTION  

Traditional houses with a long history are the 
carriers of intangible culture and the living place of 
local villagers. Currently, the  Rural Revitalization 
Strategy  launched by China attached great 
importance to the preservation and development of 
traditional villages, and thus traditional houses 
attracted increasing attention. In this context, the 
government recognized the great value of traditional 
wooden houses in Xiangxi Tujia and Miao 
Autonomous Prefecture  and taken a series of 
measures to protect them. However, with the 
development of economy in China, rural residents  
living standards and their requirements for quality 
and comfort are improving. There are contradictions 
between the protection of traditional houses and the 
villagers' demand for a comfortable life. It is necessary 
to have a full understanding of the indoor thermal 
environment in order to improve the indoor comfort 
while preserving the traditional houses.  

Huo-tang, burning firewood, is the only source of 
heat in Xiangxi residential hall. Under the condition of 
single energy structure, Huo-tang has great influence 
on indoor thermal and humidity environment. 

The object of the study is a traditional wooden 
house using Huo-tang. By measuring the indoor and 
outdoor air temperature, air humidity, wind speed, 
wall temperature, floor temperature, this study 
explored the indoor comfort of the traditional 
residential buildings in Xiangxi under the influence of 
the Huo-tang. It is hoped that it can provide data 
support for the improvement of indoor thermal 
environment and the design of new houses in this 
area, and provide a theoretical basis for the energy 

 
 
saving and sustainable development of traditional 
houses. 
 
2. HUO-TANG AT TRADITIONAL HOUSES IN XIANGXI 

Xiangxi Tujia and Miao Autonomous Prefecture is  
located in the northwest of Hunan Province. The 
unique way of life combines the mountain building 
materials and natural environment, forming a unique 
architectural art, such as central room, huo-tang, 
stilted buildings and so on. The ethnic minorities in 
Xiangxi mainly include Tujia, Miao and Dong whose 
traditional residences display sharply-etched ethnic 
styles and local cultural traits which are vividly and 
intuitively indicative of the cultural diversity of the 
ethnic minorities.  

Xiangxi, located in Wuling mountainous area in 
southwest China, is mostly hilly landform. It’s a 
subtropical monsoon humid climate, due to the 
landform of Wuling Mountain, with obvious 
characteristics of mountain climate (Figure 1). The 
average annual rainfall is between 1,290 and 1,600 
millimeters, and the average annual sunshine 
duration is less than 1,500 hours. Due to more 
precipitation and less sunshine, humidity is the 
obvious feature of Xiangxi.  
 
 
 
 
 
 
 
 
 

Figure 1: A village in Xiangxi surrounded by moisture. 
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Figure 2: A Huo-tang boiling water.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: The structure of Huo-tang.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Functions.  

Huo-tang is a one square meter pit made of stone 
or brick used to make a fire in a traditional house 
(Figure 2, Figure 3). It is a place where people burn 
wood, cook during the day and warm themselves by a 
fire at night. For the people living in Xiangxi, the huo-
tang occupies a very important position in daily life. 
People make a Huo-tang in the eastern or western 
edge room, which is called the Huo-tang room. The 
Huo-tang room is an important place for people to 
heat, light, cook, sleep, interact with others, gather 
for discussion and sacrifice (Figure 4, Figure 5). The 
use of a Huo-tang is an adaptation to the ancient 
slash-and-burn diet and a response to the humid 
indoor environment. Under the condition of single 
energy structure, Huo-tang has great influence on 
indoor thermal and humidity environment. 
 
3. OBJECT AND METHODS 
3.1 Object  

The object of the study is a one-story wooden 
house with a flat shape of a rectangle. This house 
faces northwest and has bedroom, living room, 
kitchen, dining room and so on. The house has a total 
width of 12.3 meters and a depth of 9 meters, with 
both internal and external walls made of 40 
millimeters thick wooden boards. The central room 
has a concrete floor, while the other rooms have 
wooden floors. The roof is double-pitched, and the 
windows and doors are made of solid wood (Figure 6). 
The Huo-tang is located in the right room of the 
central room which is mainly used for boiling water 
and cooking. There are two bedrooms, both on the 
left of the main room. Outside, there is an open 
chores room with a washing machine and a gas range. 
At the time of the investigation, there were five 
people in the house: a young couple, their children, 
their father and grandfather.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Users. Figure. 6 The house. 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

30

3.2 Methods  
The date of measurement was March 28, and the 

weather was sunny. The experiment measured the 
following two sets of data.  

1 The air temperature, relative humidity and 
wind speed were measured at a place 0.7 meter high 
in the center of each room. The same data was 
measured at a point outside as a control. Six points 
are selected, namely A, B, C, D, E and F (Figure 7). 
Measurements were taken every 30 minutes for a 
total of 24 times.  

2 The positions of 0 m, 0.5 m, 1 m, 1.5 m, 2 m, 
2.5 m and 3m from the Huo-tang in four directions 
around the Huo-tang were selected as measurement 
points. The floor temperature was measured with an 
infrared temperature measuring gun (Figure 8). Each 
point was measured three times, and the average of 
the three values was selected as the final data.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 7 The floor plan.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 8. Floor temperature measuring points. 

 
The items and equipment for experimental 

measurement are shown in the figure(Table 1 Figure 
9). In addition to measuring these data, the study also 
observed and recorded the daily behaviors and activities 
of the building users in order to discuss the relationship 
between daily behaviors and the indoor thermal 
environment. 

 
Table. 1. Measurement items.  
Measured variables Instruments Recording 

  interval 
Air temperature Temperature and 30min 

humidity meter  
Relative humidity Temperature and 30min 

humidity meter  
Floor temperature Infrared thermometer -  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure. 9. Instruments. 
 

4. RESULTS AND DISCUSSION  
4.1 Indoor thermal and wet environment  
1). Temperature. The temperature data of 6 
measuring points in and out of the room are arranged 
and analyzed. The air temperature values of each 
measuring point are shown in Figure 10. The outdoor 
air temperature varied greatly, and the highest 
temperature appears at 15:10, and the temperature 
was 34.5  . The average temperature of the Huo-
tang room was 18.3 , and the highest temperature 
was 23.5 , which appeared at 16:10. The reason was 
that the temperature outside had risen and the owner 
had added firewood to the fire. The average 
temperature of the central room was 18.13  , and 
the highest value was 21.9  at 17:10, which was 
related to the orientation of the house. The 
temperature variation of the bedroom was similar to 
that of the central room. The average temperature of 
the bedroom was 17.25  lower than that of the 
Huo-tang room and the central room. In general, 
indoor air temperature changed less than outdoor air 
temperature. Due to the influence of the fire, the air 
temperature of the Huo-tang room is higher than that 
of other indoor rooms and outdoor rooms. There is no 
other heating measure in the room except the Huo 
tang. It can be seen from the data that the heating 
effect of the Huo-tang is related to the state 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

31

in which it is used, which is higher in the period when 
Huo-tang is added for cooking than in other periods.  
2). Humidity. The layout and recording interval of 
indoor and outdoor humidity measuring points are 
consistent with that of temperature measuring points. 
As can be seen from Figure 11, the weather during the 
test was sunny, and the relative humidity of outdoor 
air varied greatly in the range of about 38%-92%. The 
lowest value appeared at about 15:10, and the relative 
humidity was 38.2%. The relative humidity in the Huo-
tang room ranged from 65% to 89 %, in the central 
room from 68% to 96%, and in the bedroom from 68% 
to 92%. The variation trend of relative humidity 
between the Huo-tang room was different from that 
of other measuring points and  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 10. Air temperature .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 11. Relative humidity . 
 
 
4.2 The effective scope of Huo-tang  

At 7:40 in the morning, the young male host got 
up and put more wood into the fire to make the fire 
more prosperous. Then the man and his grandfather 

lower than that of other rooms. Between 7:40 and 
9:10, the humidity in the rest of the room was quite 
high, and the relative humidity in the Huo-tang room 
was even lower. In addition, the relative humidity of 
the air in the Huo-tang room varies the least during 
the day. The fluctuation law of outdoor relative 
humidity is contrary to the fluctuation law of 
temperature, that is, the higher the temperature is, 
the lower the relative humidity is. The indoor relative 
humidity is more than 60% most of the time. 
Although the Huo-tang has a certain dehumidification 
effect, the indoor relative humidity of traditional 
dwellings in western Hunan is still at a very high level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
sat together around the Huo-tang to warm 
themselves. At this time, the outdoor temperature is 
12.9 , and the temperature in the Huo-tang room is  
14.2 . At 9:00 in the morning, the whole family had 
breakfast in the Huo-tang room. At 9:40 the fresh 
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wood in the fire burned out, and the fire subsided. As 
the outdoor temperature had risen, there is no need 
to warm themselves beside the Huo-tang, so the man 
did not put any more wood into the Huo-tang.  

The temperature of points on the ground at 
different distances from the huo-tang was measured 
at 9: 20. The data of these points are counted and 
analyzed, and the results are shown in figure 12. The 
further away from the Huo-tang, the cooler the floor. 
The average floor temperature at the edge of the 
Huo-tang was 21.9  , and the average floor 
temperature at 0.5 meters away from the edge of the 
Huo-tang was 15.5 . Three meters from the edge of 
the Huo-tang, the temperature was 12.5  , slightly 
higher than the bedroom floor temperature of 11.8 

 at the same time. It can be concluded from the 
table that the Huo-tang can significantly increase the 
indoor floor temperature, and has a greater impact on 
the floor temperature within the range of 0.5 meter.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 12. Floor temperature. 
 
4.3 Living habits  

The shelf above Huo-tang, in which usually 
stocked with grains and moldy foods, is valuable in 
winter for roasting bacon. Xiangxi people use wood 
for cooking and baking. Smoked bacon does not use 
wood heated by fire, but fresh hardwood or fruit 
wood. So the fire is small  the soot is less and the 
taste of the bacon is better. The shelves on the Huo-
tang are about 1.5 meters above the ground. The 
equipments were placed on the shelf to measure the 
temperature, humidity and wind speed. The 
temperature of the shelf position is 28  , the 
humidity is 40%, and the wind speed is 3m/s. A dry 
and ventilated environment is suitable for storing 
items that are easily damp.  

Villagers in western Hunan spend most of their 
time sitting around the Huo-tang rooms and only go 
to their bedrooms when they sleep. They put a dozen 
chairs around the Huo-tang, so that they can 
communicate, have meals and entertain guests in the 
Huo-tang room. Corresponding to this living habit, the 
thermal and wet environment in the Huo-tang 

room during the day is more stable and comfortable 
compared with other rooms. 
 
5. CONCLUSION  

The Huo-tang can reduce the humidity of the 
room and increase the indoor air temperature, thus 
improving the indoor thermal comfort. Overall, the 
outdoor temperature is moderate in the transitional 
season in Xiangxi, but the relative humidity of air is 
large. The dehumidification effect of the Guo-tang is 
related to the state in which it is used. In addition to 
the Huo-tang, Xiangxi traditional houses also have 
these dehumidification measures:  

Eaves far-reaching: the main eaves generally 
extend two purlins, from the roof truss (also known as 
row fan) out of the peach Fangcheng eaves purlin, to 
form a large area of shadow "gray" space, in rainy 
days can avoid rainwater into the room.  

Aerial ventilation floor: the floor bedroom with 
aerial ventilation floor measures to achieve a certain 
moisture-proof effect, worthy of modern residential 
reference. 

Stone base: Lining stones under pillars, or even 
under appliances or furniture such as refrigerators 
and cabinets, can prevent these objects from 
moisture and corrosion. 

Although some moisture-proof facilities are 
adopted, the high humidity environment in Xiangxi 
area still needs moisture-proof technology to be 
improved. It is necessary to improve the indoor 
environment for these traditional wooden houses for 
sustainable development. How to effectively reduce 
the indoor relative humidity and improve the indoor 
thermal comfort of traditional houses in Xiangxi is 
worth discussing in the future. 
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ABSTRACT: Historically clay has been an important building material in Scania and half-timbered houses with thatched roofs are 
still a signum for the region. In 2009 a project about vernacular use of clay in buildings was implemented by the author, in 
cooperation with the local history society, Albo härads hembygdsförening. The aim was to reclaim traditional and ecological 
techniques that could be used in maintenance work of listed buildings in the region. Another important aim was to share the 
results with professional builders and the public. Old literature was reviewed, and museum tool collections were surveyed. In 
cooperation with Nordiska museet and Folklivsarkivet ethnological questionnaires, from the 1920s and onwards, concerning 
traditional building techniques were searched for clay techniques. Two tradition bearers were interviewed, in the 1930s-40s they 
had been involved in making clay threshing floors and adobe bricks. Original buildings, with clay: floors, half-timber infills, 
plaster and inner roofs were investigated. The community involvement was essential and the villagers in Bondrum were involved 
in search of local clay and then in organizing courses for the public. The reconstructed techniques have since then been practiced 
on several listed buildings, a report from the project is available for free download and the villagers has continued to hold 
courses in the techniques. Local techniques that seemed lost are now again in use. 
 
KEYWORDS: Craft research, Clay, staves and daub, Sustainability, Participation 
 
 
1. INTRODUCTION  

In the Swedish province Scania, the tradition of 
building with clay goes back to prehistory. In the Scanian 
law, from about 1200, clay pits and wattle and daub 
walls are mentioned (1). In historic times half-timbered 
houses have been common in the south parts of the 
region where trees for building are scarce. Albo härad is 
in the southeast part of Scania and the local history 
society, Albo härads hembygdsförening (Albo h.) owns 
several listed vernacular half-timbered buildings. I and 
my family company had been doing maintenance and 
restoration works for them during some years when we 
in 2008 held a course in clay techniques at 
Bondrumsgården.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: In the background one of the houses in 
Bondrumsgården can be seen. In front a half-timber 
model used for courses in traditional clay techniques. 
Photo Ingmar Melin. 

 
 
Henry Karlsson, Albo h., humbly asked why we did 
not use local clay and traditional clay techniques. He 
was aware that we since 2007 followed ICOMOS 
principles for the preservation of historic timber 
structures from 1999 (2). when it came to wood 
working and thatching on their buildings. 
 
2. THE CLAY PROJECT AIM, METHOD AND SOURCES 

Henry highlighted the problem that modern clay  
techniques, used by the author and colleagues on 
vernacular listed buildings, did not give results 
corresponding to the original. The author once again 
got aware of how easy it is to be trapped in 
preconceptions of how to perform craft based on 
how it was learned, and the norms and ideas 
transmitted by teachers and contemporary ideas of 
restoration. To make amends a knowledge project 
was formed by the author and Albo h. 
 

The aim of the “Clay project” was to reclaim 
practical knowledge about traditional vernacular clay 
techniques from the region of Scania. These 
traditional techniques should then be used to 
maintain and restore listed buildings in the region. 
Another aim was to transfer gained knowledge 
through courses for professionals and the public, and 
to make a written report (3). 
 

As vernacular clay techniques went obsolete in the 
first half of the 20th century the method was to 
search for written accounts, to do a survey of original 
vernacular buildings where clay was used, to go 
through museum collection in search of tools and 
finally to search for tradition bearers who practised 
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vernacular clay techniques. The gathered information 
then would be tested as experiments on models but 
also on the actual listed buildings as maintenance and 
restore work. 
 

Albo h. and the author in 2009 applied and got 
funding for the “Clay project” from the county 
government. It was a collaboration project where other 
self-financed actors were Nordiska museet, Kulturen in 
Lund, Folklivsarkivet in Lund and University of 
Gothenburg. The University of Gothenburg was co-
organizer of seminars while the other institutions mainly 
helped us to search in their archives and acted as a 
reference group. The experiments/restoration work 
were mainly funded by the county government as well 
but had separate. The owners, the authorities and we as 
performers agreed it was no problem to make 
experiments on listed buildings as the traditional 
techniques hopefully would give a better result than 
previous repair work and furthermore were reversible. 
 
2.1 Bondrumsgården  

One of the main sources was Bondrumsgården, that 
got listed in 1963 (fig. 1 & 2). It is one of Scanias most 
pristine examples of a farm with enclosed yard, built 
up in half-timbering and have about 350 weather 
exposed infills.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Bondrumsgården. In the southwest corner is the 
cow stable dated to 1801. On the north building the room 
“stuga” was the only heated living room. Folklivsarkivet. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The section shows one of Bondrumsgårdens half-
timbered walls and a gable built up with wattle and 
stakes. Drawing Therese Melin.  
 

In this paper this farmstead and especially the infills 
built up of staves and daub will serve as an example, 
other surveyed buildings are presented in the project 
report (3). Other uses of clay on Bondrumsgården that 
cannot be described further in this paper are the 
threshing floor and several other floors. Adobe bricks to 
make an inner wall in the living room, the chimney and 
the oven. The farm burnt down in 1766 and the 
common belief used to be that most of the buildings 
were from the rebuilding after the fire (4). In 2008 the 
author made building archaeological investigations and 
conducted dendrochronological investigations in 
cooperation with Hans Linderson at the University of 
Lund. The results showed the cow stable is the oldest 
extant part of, built with oaks felled in 1801. Major 
rebuilding activities were performed during the 1820s 
when a new generation took over the farm. The 
youngest part of the complex was erected in the 1850s. 
The frame is made of oak while the roof trusses and wall 
plates are made of pine. All roofs are thatched with rye 
straw. 
 

On figure 3 a drawing of a gable gives an idea of the 
half-timbered walls of the farm, but there is variation, 
for example the cow stable has no sills as the other 
buildings. However, the survey made by the author 
showed almost all infills of the frame were originally 
built up in in a similar way: In each infill the upper 
timber got holes made with an auger and on the bottom 
timber a lengthwise groove was made. In the holes and 
grooves roughly split staves were inserted with the 
purpose to carry the daub. From inside and outside 
daub were put on to become one massive layer 
surrounding the staves. Original cracks had been 
compressed before the clay went totally dry and even 
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though the massive clay infills contained small stones 
the surfaces of the infills were made smooth with a 
wooden tool. 
 

When the farm was made an outdoor museum in 
1936 the antiquity of the buildings was emphasized 
and some walls with weather boarding got stripped 
to show the half-timbering. If any infills then were 
restored with clay is not documented. Major 
maintenance work was conducted on the buildings in 
the 1970s funded by and in agreement with involved 
authorities. Almost all the weather exposed infills got 
an external addition of chicken wire and cement (fig. 
2). We have not been able to find any reports from 
these repair works but one probable reason for the 
change of material was to make the maintenance 
cycles longer as the cement is hard and do not need 
to be maintained on a yearly basis. Other possible 
reasons were the disbelief in clay as a material and no 
available craft persons familiar with the techniques. 
In the 2000s the author got involved and made a 
damage survey of the buildings (fig. 4).  
The cement on the infills were in most cases intact 
but it had kept the moisture and made the 
underlaying daub to dissolve and the staves to 
decompose. Before the clay project we replaced the 
cement with clay powder mixed with sand in the 
proportions 3/5. This mix did not get cracks but got a 
surface reminding of sandpaper. It worked technically 
but had little in common with the original infills. 
When we reused old daub, before the project, we 
had to add a lot of sand in order to avoid cracks.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Chicken wire and cement made a false 
impression of a sound construction. Behind the surface the 
wood and daub were in poor condition. Photo author. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: In Carl von Linnés Scanian journey, printed 1751 
(5), the farm workers serve the maids with daub for the 
infills in the half -timbered building.  
 
2.2 Written sources  

A survey of historical written accounts concerning 
vernacular clay techniques were performed. Scientific 
literature from the 18th century often had detailed 
information about vernacular building techniques. One 
famous example is Carl von Linné who 1751 wrote in his 
Scanian Journey about vernacular clay and half 
timbering techniques (5). Other 18th century 
descriptions of Scanian clay techniques and half-
timbering were made as good examples of sustainable 
wood use in contrast to the log-timber techniques used 
in other parts of the country (6). Nordiska museet and 
Folklivsarkivets ethnological questionnaires, concerning 
vernacular building techniques were also important 
sources. The oldest questionnaires are from the late 
1920s and the respondents were born from the 1860s 
and onwards. The questionnaires were written and 
responded with the purpose to preserve knowledge in 
risk of getting obsolete. Anyhow, the different sources 
quite uniformly describe how vernacular half-timbered 
houses were built in Scania. Usually, a single carpenter 
acted as a work leader and instructed farm workers how 
to make the frame. When the frame was raised the 
daube was prepared by male farm workers and then the 
infills were built by maids, (fig. 5). Professional 
bricklayers are only mentioned to build ovens and 
chimneys on vernacular buildings. In some cases, the 
working process, materials and tools are described in 
detail. The written sources were very helpful as a guide 
for the interpretation of the original constructions and 
in the reconstruction of the techniques. 
 
 
2.3 Museum tool collections  

In order to reconstruct vernacular clay-techniques 
we also needed to know more about traditional tools. 
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Figure 6: In the collections of Kulturen in Lund there are 
“lerslättor” a tool used to compress the daub when it had 
dried a bit and felt like leather. Photo author. 
 

About 10 museum collections were surveyed and 
clay tools were documented. Then we made tools to 
be used in the experiments. The most important tools 
were “lerklubbor”, clubs to be used preparing the 
adobe, and “lerslättor”, a tool made of wood (fig. 6) 
used to compress the adobe surface when it had 
dried a bit, “felt like leather”, and started to crack as 
it was described in the sources. 
 
2.4 Tradition bearers  

Albo h. tracked down one person that in his youth 
had been making adobe bricks. The second tradition 
bearer was my grandfather who as a boy helped his 
father to make a clay threshing floor. Although the 
tradition bearers had not made daub infills on half-
timbered houses, they provided us with crucial 
information about where to find clay, drying 
procedures and even identified tools and how to use 
them. The interviews were recorded to be a source 
material available for future research.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Kenneth Olsson digs up clay for examination. The 
author examining the clay that had small stones in it just 
like the original clay infills. The clay was dug up about 200 
meters from Bondrumsgården. Photo Ingmar Melin. 

2.5 Raw material  
Written sources and the tradition bearers told local 

clay was used even if better quality might be found in 
other places. As sand was harder to find than clay, 
the best scenario was to find clay that naturally also 
consisted of sand or small stones. The villagers of 
Bondrum were involved in finding local clay for the 
experiments (fig. 7). 
 
3 RECONSTRUCTED TECHNIQUES AND EVALUATION 
OVER TIME  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Daub prepared with clubs during a seminar 
arranged in cooperation with the University of Gothenburg 
Photo Nils Erik Andersson. 
 

The involved parts decided to restore only some of 
Bondrumsgårdens infills annually, according to a plan of 
maintenance stretching over a 12-year period. One 
reason to not do all infills at once is the buildings during 
maintenance work also get a yearly inspection and 
thence makes it possible to discover eventual new 
damage. Another benefit is the regularly use of the 
techniques, (figure 8-11), and the opportunity to show 
them for the public. In the project and over the years we 
have tried out different mixes. We have worked in a 
traditional way and made the mixes on feeling rather 
than exactly following recipes. As the raw material 
differs the historic sources also explain the mixes should 
have certain qualities rather than exact proportions. I 
also noticed the original infills had various mixes. After 
years of evaluation, it is clear the infills made with 
traditional techniques consisting of one thick layer 
decompressed during the drying process is much more 
persistent than infills built up in layers made of daube 
with a big proportion of sand.  

The sources also described different techniques of 
protection of the external walls. On Bondrumsgården 
we have on some walls put up weather boarding 
again and rye straw (fig 13). The reasons are to 
protect the walls but also to give a more authentic 
experience for visitors. 
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Figure 9: As in the historic descriptions one person worked 
on the inside and another on the outside. The original left 
part of the infill could be saved and restored. Notice this 
wall have no sill, the posts and the staves stand on stones. 
Photo Nils Erik Andersson. 
 

During the years the local history society members 
have grown confident in the techniques and now 
hold courses. Furthermore, they have increased their 
general knowledge about vernacular building 
techniques and reports any damage in an early stage. 
In 2011 they saved one of the buildings from a total 
collapse caused by heavy snowfall.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: When the infills had dried a bit the surfaces had 
to be compressed with the wooden tools called “lerslättor”. 
When and how many times the infills must be compressed 
depends on the used daube, the temperature and if it is on 
the north or south side. It is not possible to give a general 
rule of procedure. Photo Nils Erik Andersson. 

4. CONCLUSION  
A member of the local history society humbly asked 

us in 2008 why we followed ICOMOS principles for the 
preservation of historic timber structures from 1999 (1) 
when we did maintenance and restore work on the half-
timbering but not when we repaired the daube infills. 
His remark was the start of a project funded by the 
county government in 2009 to reclaim know how about 
traditional clay techniques to be used on listed buildings 
in the region. In the project I used the available sources 
to learn traditional clay techniques. In order to learn 
with an open mind, I had to deconstruct my modern 
craft knowledge about clay.  

The historic sources were seen as more reliable 
than my modern knowledge. Learning from the 
sources as an apprentice, who does not question the 
master, eventually gave results very similar to the 
original. If I had instead followed my modern 
preconceptions of how to use clay I would most 
probably have failed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 11: After some drying and compressing the restored 
infills got similar appearance to original infills preserved 
inside of the buildings. When we use the old techniques, we 
get very similar crack patterns as can be seen on figure 12 
below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: On this illustration, from Linné 1751 (5), the infills 
have started to crack in a traditional way. 
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At the start of the project, I “knew” it was important 
to mix in a lot of sand in the clay and that it was 
important to build up the infills in several layers to 
avoid cracks. Further that the plaster should have 
more fine-grained sand in the mix to get a smooth 
surface. The modern procedure I had learnt was very 
much a translation of how professional bricklayers 
work with lime mortar and plaster. 
 

The historic sources told a different story. The infills 
should be built up in one massive layer containing 
smaller stones but still getting a far smoother surface 
than I did using modern techniques. The clay was 
supposed to get cracks (fig. 12) that were to be 
compressed during the drying process. Furthermore, 
vernacular clay techniques were mainly performed by 
laymen as maids and farmworkers and the used tools 
and techniques were different from the ones used by 
contemporary bricklayers.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: Historic sources gave us information of one 
traditional way of making the maintenance intervals longer. 
It is called “byrning” and is made by putting rye straw on 
the walls only fastened with hazel rods nailed to the frame. 
Photo author. 
 

Some of the massive infills made in the traditional 
way is literary touching the ground and have snow 
against them during the winter but still they prevail 
very good. It is mainly the chalk paint that falls off 
and need a yearly maintenance, as the sources 
describe. The infills, we restored with built up layers 
of plaster and more sand in the mixes have in some 
cases not lasted more than one winter. 

The local participation has been unvaluable and a 
safeguard that maintenance of the buildings 
continues with traditional methods.  

Approximately 60 persons were involved in the 
project. But afterwards the techniques have been 
introduced to, tried out and practiced by hundreds of 
people. The last tradition bearers could pass on their 
craft knowledge and some of the techniques now 
lives on in an unbroken chain of informal knowledge 
transfer as part of our intangible heritage. 
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2. ARCHITECTURE AND CLIMATE CHANGE 
The Chendani koliwada was formed organically 

and is high in density, with vernacular structures lining 
narrow internal walkways of 2-2.5 m. width. A visual 
survey reveals that a major portion of the original 
fabric has been rebuilt and new buildings have 
replaced the old ones in same sized plots (refer to Fig. 
5). The taller apartment buildings include ground floor 
(G) stilt areas for parking, and have been constructed 
using modern materials such as concrete. There is no 
setback on either side of the native cluster touching 
the vehicular roads (refer to Fig. 4). 

 
Figure 5: Understanding the architectural form in the native 
cluster of Chendani koliwada. [32] 
 

Next to Thane creek, an informal settlement sits on 
an encroached foreshore land, which was perhaps 
once used for beaching fishing boats, making nets, 
repairing boats, storing salt and fish, drying fish etc. It 
now consists of compact, low plinth, one room 
tenements, each of about 9 sq. m. area. These houses 
are made using cheap material that is readily available 
and can be assembled together quickly. Because this 
unplanned settlement grew incrementally, it lacks 
legitimate infrastructure and services such as open 
spaces. Hence, it is often prone to getting waterlogged 
during the monsoons. [35]  

The once quaint coastal village of Chendani retains 
some of its charm even today due to the distinctive 
characteristics of its domestic vernacular architecture. 
These houses resemble those along the coastal belt of 
the Konkan region in Western India and are modestly 
designed for the local community.   

 
2.1 Vernacular Houses 

The vernacular houses in the native cluster are 
indigenous residential buildings, with a large footprint 
of about 90 sq. m. floor area. They are generally 
ground storied load bearing structures, with a square 
or a rectangular plinth built using random rubble stone 
masonry with mud mortar, and the superstructure 
includes wooden elements. A porch or a veranda 
defines the entry to the house through which a central 
living area is reached (refer to Fig. 6). A straight 
staircase made of timber, leading to the upper attic 

floor is usually placed in the hall and/or the porch. The 
next set of accompanying rooms are utility spaces, 
including kitchen, bathroom and toilet. The structural 
system in majority of the houses comprises of wooden 
beams and joists, supported by load bearing walls. 
Most houses have windows and doors with segmental 
arched lintels, carved wooden frames and wood 
panelled shutters. Street side windows are small in size 
and meshed for privacy. The interiors are adorned 
with wall niches and local stone flooring. Every house 
has identifiable features such as decorative stucco 
work, carved timber brackets, decorative railings in 
cast iron and timber, timber sloping roofs with 
decorative fascia board and Mangalore clay tiles. 
These elements attribute an indisputable aesthetic 
appeal and an old-world charm to these houses (refer 
to Fig. 7). 
 

Figure 6: Plan of a vernacular house in the native cluster of 
Chendani koliwada. [32] 

Figure 7: Architectural Elements that impart aesthetic and 
cultural significance to Vernacular Houses in Chendani 
koliwada.  [32] 
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2.1.1. Climate Adaptability 
  The native houses in Chendani have ‘inherent 
sustainable features’ (ISFs) [18] that make them 
adaptable to climate change. The houses were built 
with varying plinths to follow the contours of the land, 
which allowed the surface water to drain into the 
creek, naturally without obstruction. The internal 
spaces of native houses have a larger volume than the 
modern homes. Their thick walls act as insulators and 
keep the interior spaces cooler than the exterior. Most 
of the structures are oriented on the East-West axis 
and the location of their openings allows better wind 
movement and cross ventilation, thereby enhancing 
comfort and healthy living conditions.  

The porch or verandas serve as spaces for 
shade and natural cooling, and they are lined with 
eaves and green planters. Colours on the porch and 
the windows brighten up the cluster. The porch acts as 
a buffer between the public and the private areas in 
the absence of a compound wall. They aid social 
cohesion and co-operative living by becoming areas of 
interaction within the neighbourhood. The timber 
door and window shutters do not overheat the space 
like glazed facades do in newer buildings. The pitched 
roofs of the houses have curved vent tiles to allow 
natural light and ventilation. They have deep 
overhangs to provide shade and to protect the walls 
from heavy rainfall.  

The vernacular houses in Chendani koliwada 
were built using local materials, skills and finances 
within the community’s natural environment. Hence, 
they are the least carbon intensive among the other 
typologies that exist surrounding it today.  
 
2.1.2. Climate Risks 

Climate change and extreme weather are 
recognized as serious threats to cultural heritage. The 
vernacular houses in Chendani koliwada are made up 
of highly combustible materials such as timber, and 
have multiple electrical cables running around it. Most 
of the traditional homes rely on LPG cylinders for 
cooking purposes and have no fire precaution or 
prevention system installed on site. The narrow 
internal lanes make the cluster vulnerable in times of 
rising temperature levels and fire emergencies, as 
large fire trucks cannot pass through them easily.   

The vehicular road between the native and the 
informal cluster has been surveyed as a ‘hazard line’ in 
the draft Coastal Zone Map of Mumbai City and 
Mumbai Suburban, 2019. The internal lanes within the 
native cluster have been concretized and raised. This 
is a cause for urban heat island effect; and flooding 
inside the houses due to lowered plinth levels.   

Due to growing needs and irregular 
maintenance, several native structures have 
undergone additions and alterations using carbon 
intensive materials such as steel and concrete (refer to 

Fig. 8). With the introduction of new materials, the 
original strength of traditional materials has 
diminished and so has its ability to withstand natural 
calamities, such as earthquakes. To cope with financial 
and societal stresses, many homes have undergone 
demolition to build taller buildings, which again is 
highly carbon intensive. Also, a disturbing trend of 
building cheaper informal homes in spaces between 
vernacular houses is seen within the native cluster 
(refer to Fig. 9). This will not only increase the density 
of the built fabric and reduce open spaces, but also 
damage the overall character of the cluster. 

 
Figure 8: Unsympathetic additions and alterations in the 
native cluster of Chendani koliwada.  [32] 

 
Figure 9: Present reality of urban transformation- informal 
structure quickly constructed between two vernacular 
houses in the native cluster of Chendani koliwada. [32] 
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3. ARCHAEOLOGY AND CLIMATE CHANGE 
Archaeology gives identity to the culture of the 

people in multi-layered urban contexts. In the last five 
years, several archaeological artefacts have been 
discovered near Chendani koliwada, which make the 
coastal village both unique, as well as vulnerable to 
threats (refer to Fig. 3, 10).   

Undated sculptural stone reliefs in the native 
cluster are religiously venerated and somewhat 
protected at the corner of the internal lanes. 18th 
century cannons found in 2016 near the Chendani port 
are secured on a high plinth in situ. [26] They are kept 
exposed to the weather in the high tide zone and await 
scientific conservation and safer storage solutions. The 
19th century industrial railway sidings discovered near 
the port during new road works in 2019, [4] lie on the 
road side in a deteriorated condition. Lastly, what 
appears to be a 20th century water pump from Ohio 
(USA), is fixed on an internal road, without any hint of 
a well nearby. In the absence of informative signages, 
their ‘sense of place’ is lost and these artefacts remain 
disconnected from the larger society. [18]  
 

 
Figure 10: Archaeological artefacts in and around the native 
cluster of Chendani koliwada. [32] 
 
4. DISCUSSION  

In addition to the existing climate change risks, the 
coastal communities in India have to grapple with 
several regulations that need to be sensitised to their 
culture and needs.  

The vernacular houses in Chendani koliwada of 
Thane do not have any legal reservation as a historic 
precinct, or documentation detailed by any heritage 
regulatory body in the region. The Gaothan Expansion 
Scheme of 1986 supports the development of coastal 
villages but it is inefficient without accurate mapping 
and demarcation of these villages.  The Proposed Land 
Use Map, in the Draft Mumbai Metropolitan Regional 

Plan 2016-36, indicates the reclaimed area where the 
informal cluster stands today as an ‘urbanisable zone’ 
(refer to Fig. 11). In addition to this, the 2019 
amendments to the Coastal Regulation Zone 
Notification have revised legal protection to koliwadas 
and extended support to redevelopment of coastal 
villages. [21] India has initiated climate change action 
policies at the state level, but they are inadequate at 
this stage. The plan prepared for Maharashtra (Thane) 
does not include historic built environment or 
strategies for its climate resilience. [36] Hence, there 
is an urgent need for special development control 
regulations for indigenous coastal settlements. [34]  

Coping with severe change is possible through local 
participation and empathetic policies. In 2020, artists 
in Chendani koliwada initiated an archival research 
project, documenting local food recipes and music 
through citizen workshops. [11] Recognizing cultural 
practices and associated stories help strengthen local 
bonds, which can be supported further through 
promotion and funding by the appropriate 
government authorities. [36]  

  

 
Figure 11: Debris at the edge of the informal cluster near the 
Thane creek, a leisure zone for the younger generation. [32] 
 
5. CONCLUSION 

The traditional houses of Chendani koliwada have 
been integrated in the narrative of the coastal koli 
community for several generations. The strength of 
this type of vernacular architecture lies in its cultural 
and contextual relevance, which makes it adaptable to 
risks due to climate change.  

To encourage responsible alterations and 
rebuilding, it is crucial to build local capacity to 
understand relationships between climate and life 
cycle emissions of the built fabric, revive long lost 
traditional building skills, boost further archaeological 
research and incentivize sustainable preservation of 
the native houses. Lessons learnt from vernacular 
knowledge systems in Chendani koliwada will play an 
important role in the formation of a comprehensive 
model for sustainable coastal settlements, and will 
also go a long way in planning to make them resilient 
to climate change.  
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ABSTRACT: Due to the arid and semi-arid climate conditions, there are a great of earthen ruins in Xinjiang, China. 
However, with the climate changes in recent years (according to the records, the average temperature and 
precipitation in Xinjiang have increased in varying degree), soil loss and shrinkage have caused the cohesive force 
between soil particles to decrease. At the same time, soil site damages caused by soil moisture loss slowly appear 
and tend to deteriorate year by year. The Shengjinkou Grottoes in Turpan were built in Xizhou period 1046-771 
BC), and were used by the later period of Gaochang Uyghur (the end of the 13th century). As the local climate has 
changed in recent years, the river has been eroded year after year, resulting in soil erosion in the surrounding area 
of the grottoes. At the same time, the original ecological environment of the grottoes was seriously damaged due 
to the encroachment of vegetation protection measures such as river beaches and secondary forests. The ruins of 
Hancheng and Mancheng city walls in Balikun County are all layered and rammed with clay. They are the best-
preserved and longest Qing Dynasty city walls in Xinjiang. In recent years, due to climate change and frequent 
natural disasters in the Balikun area, many collapses have occurred in the ruins of the city walls of Hancheng and 
Mancheng. Based on the climate change in Northwest China in recent decades, the paper describes some useful 
methods that have been used to stop the earthen site damages, at the same time analyses the conservation 
environment of them, hoping to provide some reference for the preventive protection of earthen sites in Xinjiang. 
 
KEYWORDS: Climate Change, Sites of Damages, Hancheng and Mancheng City Walls in Balikun County, The 
Shengjinkou Grottoes in Turpan 
 
 

1. INTRODUCTION 
The Paris Agreement adopted by the conference of 

the parties to the United Nations Framework 
Convention at the end of 2015 and Transforming our 
World: The 2030 Agenda for Sustainable Development 
adopted by the United Nations General Assembly 
provide the latest information and basic guidance for 
the development of tourism and World Heritage under 
climate change. On May 25, 2016, UNESCO and UNEP 
jointly released the report "World Heritage and 
Tourism in a Changing Climate", pointing out that 
climate change has become one of the most important 
factors threatening world heritage. 

 
The impact of natural hazards due to climate 

change risks on sites and relics have gained the 
attention of the building industry as a result of the 
increasing environmental loss due to hazard events 
devastating the built environment around the world 
(Table 1). Because of the extreme precipitation events 
become more intense and frequent. Therefore, finding 
the reasons for climate change and fighting with its 
adverse effects has surpassed caution to prevention. It 
is no doubt that the climate is changing as a result of 
anthropogenic activities. The SYR (The Synthesis 
Report) finds that the more human activities disrupt 
the climate, the greater the risks of severe, 

pervasiveness and irreversible impacts for people and 
eco-systems, and long-lasting changes in all 
components of the climate system (IPCC 2014).  

 
This thesis and its cast studies, which include two 

earthen sites in Xinjiang, demonstrate the urgent need 
to better understand, monitor and address climate 
change threats to the heritage sites.  

 
Table 1: The impacts of heritages due to climate change 
 

Damages Environmental and climate 
factors 

Sand erosion 
Wind speed 
Land cover 

Surface erosion 

Rainstorm erosion 
Precipitation intensity 

Precipitation time 
Frequency 

Drought contraction Evaporation 
Humidity 

Freeze-thaw cycle Temperature change 

Earthquake damage Tectonic effect 
Volcanic 

2.BACKGROUNDS 
Xinjiang, known as the Western Regions in ancient 

times, is locate in the north-western region of China, 
covering an area of 1.66 million square kilometres. 
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Historically, it was an important passage of the ancient 
Silk Road. 

 
Far away from the ocean, Xinjiang is deep inland, 

surrounded by high mountains, forming an obvious 
temperate continental climate. In general, the climate 
of Xinjiang could be classified as semi-arid to arid 
climate. The sunshine time is sufficient (annual 
sunshine time is 2,500~3,500 hours) and the 
precipitation is small. The average annual rainfall of 
Xinjiang from 2000 to 2016 is between 14.8 mm and 
531.5mm, with an average of 117.8mm. The average 
annual rainfall of Xinjiang from 2000 to 2016 increases 
gradually, with a change rate of 1.38mm/a. (Huang j. 
2020) In general, the precipitation in northern Xinjiang 
is higher than that in southern Xinjiang. On the 
contrary, the temperature in southern Xinjiang is 
higher than that in northern Xinjiang. Although rainfall 
is rare, sever floods may follow rainfall events causing 
many damages. The climate in Xinjiang is hot and dry 
in summer and tends to be cold in winter. In the 
coldest month (January), the average temperature in 
the Junggar Basin is below -20°C. In the hottest month 
(July), the average temperature in Turpan is above 
33°C, and the absolute highest temperature has 
reached 49.6°C, which is the highest in the country. 
One of our research objects, the Shengjinkou grottoes, 
is located here and under the threat of floods. 

 
The other study area is located in Balikun Kazakh 

Autonomous County, which belongs to a temperate 
continental cold and arid climate zone, with an 
average elevation of 1,650 meters. The winter is 
severely cold and dry, while the summer is cool, which 
attract many tourists to spend their holidays in July 
and August. The annual average temperature is 1°C, 
the maximum temperature is 35°C, and the minimum 
temperature is -43.6°C. The frost-free period is 98 to 
104 days. The annual precipitation is only about 220 
mm, and the evaporation is 1,638 mm. 
 
2.1 Shengjinkou Grottoes 

 
Figure 1: Map of Shengjinkou Grottoes. (Source: Google 
earth)  

 
Grottoes is one of the oldest Buddhist architecture 

known, which documented cases of the use of 
grottoes since Kushan Empire around 200 BC. Grotto is 
considered one of the oldest constructions of vihara (a 
kind of monk dorms), which was oriented in ancient 
India. Investigators confirmed that research and 
standardization about those artificial caves in Xinjiang 

are still a vast and complex field. Therefore, those 
grottoes need further studies. Specifically, the cities 
and regions of Xinjiang province in China have a great 
deal of grottoes, murals and status, which are parts of 
its cultural identity. 

 
The Shengjinkou grottoes located in a bend of the 

river at the entrance of Mutougou on the south foot of 
Flaming mountains in Turpan basin (Fig.1). These 
grottoes are opened on the cliffs along with the terrain 
into a step-shaded arrangement, from the top to the 
bottom of which the grottoes can be divided into three 
stories. And all of these could be divided into the north, 
middle and south zones, each of which was 
independent but not isolated from each other twos; 
the south and north zones are two large-scale 
monasteries built in multi-story structure with 
corridors, passages, steps and other facilities, and the 
main types of the grottoes of them were vihara and 
meditation cells. The middle zone was the living zone, 
the house of which were scattered freely and linked to 
each other. Most of the plasters of the walls have 
fallen away and the traces of weathering and water 
eroding are seen (Wu et al.2016).  

 
2.2 M  and Han  City Walls  

 
Figure 2: Map of Balikun. (Source: Balikun County Heritage 
Bureau)  

 
In Balikun County, Hami Prefecture, Xinjiang, there 

are two groups of rammed earth city wall sites  
which is Mancheng and Hancheng City Walls. The ruins 
of the Hancheng City Walls were built in the ninth year 
of Yongzheng reign in Qing Dynasty (1731), with a 
remnant length of 2,665 meters. The Mancheng City 
Walls were built in the thirty-seventh year of Qianlong 
reign in Qing Dynasty (1772), with a residual length of 
3,123 meters (Fig.2, The red lines are the walls.). 

 
The Balikun City Walls adopts the most basic and 

traditional construction method of ancient city wall-
ramming. Ramming means that the wall, which is the 
main body of the structure, is constructed by using 
loess as the main material. It is compaction and 
reinforcement with external force. Local materials 
were used in the construction of Balikun City Walls, so 
the composition of the soil materials used was slightly 
different. For the history of the construction and 
maintenance of the Balikun City Walls, see Table 2. 

 
Table 2: The main history of the city walls at Balikun. 
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Years Insident 
1729 Built Hancheng City Walls 
1772 Built Mancheng City Walls 
1888 Abandoned Mancheng City Walls 

1975 Setted up Balikun Town, govern 
Mancheng and Hancheng 

1998 Surveyed the culture relics 

2003 Reinforced and repaired the west 
wall of Hancheng 

2006 Reinforced and repaired the north 
wall of Hancheng 

2008 Surveyed the culture relics 
2012 Emergency repaired 

2013 Rebuilt the Changwei gate of 
Mancheng 

2014 Rebuilt the Shenze gate of 
Mancheng 

2015 Reinforced and repaired the walls 

2017 Reinforced and repaired the west 
wall of Mancheng 

 
2.3 The climate change in Xinjiang  

The Intergovernmental Panel on Climate Change 
(IPCC), in its 2014 report, projected that global surface 
temperatures will rise through the 21st century, 
extreme precipitation events will become more 
frequent and intense in many regions. And this 
prediction has been confirmed by the situation in 
Xinjiang, China. In July and August there are significant 
differences between north and south Xinjiang. As IPCC 
predicted, temperature and precipitation in most 
regions of Xinjiang increased between 1999 to 2018. 

 
By analysing the change trend of meteorological 

factors in Xinjiang from 1999 to 2007(Fig.3), we can 
find that: 

 The average temperature beared an 
upward trend, with a peak in August 2015, 
reaching 26°C; 

 The precipitation had an upward trend, 
and the annual precipitation in 2010 and 
2016 exceeded 200mm; 

 The overall change trend of sunshine 
hours was not obvious, but there were 
certain fluctuations; 

 Evaporation showed a significant 
downward trend. 

 The average wind speed showed an 
overall upward trend, and fluctuated 
greatly after 2010. 

 
Heavy rain refers to a process in which a large 

amount of precipitation occurs in a short period of 
time. When the daily rainfall reaches 50~249.9mm, it 
is a general rainstorm, 100~249.9mm is a heavy 
rainstorm, and a rainstorm over 250mm is called an 
extra heavy rain (China Meteorological 
Administration, 2018). The torrential rain in 2016 is the 
strongest and the sweeping one in nearly decade in 

Xinjiang. It was that rainstorm in 2016 that caused a 
great threat to the Shengjinkou Grottoes. 

 
Figure 3: The change trend of meteorological factors in July, 
August and annual in Xinjiang from 1999 to 2017. (Source: 
Chen et al.2021) 

 
In the ancient time, the high levels of dryness that 

can lead to catastrophes and can wipe whole cities, 
displace big numbers of people, and destroy urbans 
and villages, while it is the harsh environment that 
protected those valuable earthen heritages hundreds    
of years in Xinjiang. But in nearly decades, those 
threatens are to a great extent due to more intense 
and frequent extreme precipitation events. It is 
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important in identifying and adopting with potential 
climates to maintain and sustain the heritage 
irreplaceable. 

 
3. POTENTIAL RISKS DUE TO CLIMATE CHANGE ON 
EARTHEN SITES IN XINJIANG 

There are Buddhist remains in the Shengjinkou 
Grottoes, which are the crystallization of the mutual 
penetration of multiple religions and cultures. The city 
walls at Balikun are the most well-preserved and 
longest Qing Dynasty city wall site in Xinjiang. 
Currently, the important issues that although this 
culture relics in Xinjiang have been able to survive for 
hundreds of years but recently affected by many 
different risks which threaten them at an integrity and 
authenticity levels.  

 
Lack of resources, including personnel training, 

financing and infrastructures, constitute the great 
barriers preventing effective management of those 
two sites, including the assessment of their 
vulnerability to climate change, developing and 
implementing climate adaptation and resilience 
strategies, and planning and managing protection 
facilities. To some extent, the tourism industry may 
demonstrate leadership by developing and 
participating in innovative forms that bring new 
financing in support of the local sites management. In 
fact, there are several sites has already been 
developed into scenic spots in Balikun. Those spots 
both attract many tourists all over the world, and 
make a great contribution to the local financial. 

 
3.1 Increased rainfall in Turpan 

In the nearly decades, the precipitation in Turpan 
increased at a rate of 1.61mm (10a)-1, and the largest 
increase is in summer. The precipitation is mainly 
concentrated in summer, and the multi-year average 
value is 32.15mm. Increased rainfall means flooding, 
and torrents are likely to occur, especially with the 
apparent violation of the grottoes on the bank of the 
stream recently.  

 
The Shengjinkou Grottoes and the Buddhist 

Temple ruins are located on the east bank of the 
Mutugou exit, with a total length of 1,362m. The 
widest part is about 136m, the narrowest part is about 
50m, and the river bank is only about 3m away from 
the nearest point to the grottoes. Due to the daily 
scouring of floods and currents, relatively fixed river 
beds and ditches have been formed on both sides of 
the bank. Because the artificial caves are close to the 
river surface, it has been a long-standing problem to 
suffer from flood erosion. The river bed along the 
entire cave temple is in a state of being constantly 
scoured by floods, and even cut to the edge of the 
grottoes in severe places, posing a potential threat to 

the historical sites. Due to the long-term erosion and 
burial effect of heavy rains, floods and mudslides 
washed by the gully in front of the mountain, the 
cultural relics and historic sites along the river bank 
were continuously undercut and buried. Some of the 
monument corridors were severely blocked, and some 
of the walls were washed out of deep ditches (Chartres 
M,2020). It is extremely detrimental to the long-term 
preservation of cultural relics. In fact, what was 
happened as a disaster in Turpan in 2020, which is one 
of the greatest examples and indicators of the 
seriousness of heavy flooding and debris flow on the 
sites of Shengjinkou Grottoes (Fig. 4). As we can see 
from the figure 4, the living zone is almost completely 
buried by the mud rushed down from the mountain. 
The emergency of the effects of climate changes in 
addition to other factors has affected the increasing 
trend toward the respect to the environment and 
compatible with the natural heritage that 
characterizes privacy and achieved heritage security 
and environmental harmonization (Nahal 2010). 

 
Figure 4: Grottoes site buried by sludge. (Source: The 
author,2020.) 

 
3.2 Extreme temperature in Balikun 
Table 3: Temperature changes in Balikun (°C) 
 

Year Average 
temperature 

Extreme 
maximum 

temperature 

Extreme 
minimum 

temperature 
1961 1970 0.1 32.1 -41.2 
1971 1980 0.1 33.5 -43.4 
1981 1990 0.2 32.7 -41.4 
1991 2000 0.3 34.8 -36.7 
2001-2010 0.4 33.8 -35.6 

 
According to the statistical analysis of 

meteorological data in the past 50 years, the extreme 
maximum temperature in Balikun County showed a 
fluctuating upward trend. The extreme maximum 
temperature of 34.8°C appeared in the 1990s; the 
extreme minimum temperature also showed an 
upward trend, the extreme minimum temperature of 
- 43.4°C appeared in the 1970s, and the extreme 
minimum temperature increased by 6.9°C after the 
1990s (Table 3, Wei 2018). According to the research 
from Guo Zhiqian, the average fissure width and 
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maximum fissure which tend to increase with the 
decreasing of rainfall, increasing of temperature and 
evaporation; meanwhile, the arid environment can 
have a positive effect on the development of tiny 
fissures in the early stage (Guo 2016). 

In recent years, the natural disasters caused by 
climate change in Balikun County have frequently 
occurred, causing many collapses to the dilapidated 
city walls of Hancheng and Mancheng (Fig. 5). The 
main accidents are as follows: 

In July 1991, a sudden torrential rain caused a huge 
flash flood, which caused partial destruction of the city 
walls. 

In March 2002, the weather became warmer in 
spring and melted snow entered the cracks in the wall, 
causing part of the city walls to collapse. 

In March 2010, Balikun suffered a heavy snowfall 
in January. In March, the snow melted and the snow 
water infiltrated the walls, resulting in partial collapse 
of the walls. 

In February 2012, an earthquake with a magnitude 
of 5.3 on the Richter scale occurred in Balilun, which 
caused a 30cm wide and 150m long crack in the city 
walls. A partial collapse about 60m occurred in the 
middle section of the northern walls of Mancheng. 

In April 2015, due to freezing and thawing of ice 
and snow, a large-scale collapse occurred in the 
northern walls of Mancheng, with a length of 40m and 
a thickness of 0.8-2m. 

 
Figure 5: The collapsed part of the Balikun walls. (Source: The 
author,2020.) 

 
4. CONCLUSION 

Through the analysis and research of these two 
cases, the soil site diseases caused by climate changes 
mainly include the following aspects: 

 Wind Erosion: refers to the cracking and 
collapse of the wall under the action of 
wind or other stress. It can continuously 
erode the surface of the soil sites and 
eventually cause the wall to collapse. 

 Rain (Snow) Intrusion: It is one of the main 
factors that cause the destruction of the 
soil sites. For ruins that are mainly 
rammed with soil and mud, the erosion of 
heavy rain or melting snow water may 
cause the wall to collapse. 

 Temperature Difference: In Xinjiang, the 
temperature difference between day and 
night is large, the maximum temperature 
difference is more than 20°C. If the soil 
sites are exposed to rapid changes in 
temperature for many years, and the 
structures frequently expands and 
shrinks, many criss-crossing cracks will be 
produced. If this situation continues to 
deteriorate, they may eventually develop 
into vertical splitting crack, or a hard shell 
attached to the wall. 

 Water Melting: Under the condition of 
high humidity, the hard soil on the surface 
of the sites will turn into soft mud under 
the action of moisture. After drying again, 
it will form a fragile crust. When these 
crusts be affected by external forces such 
as earthquake, wind erosion, thermal 
expansion, they will suffer a large area of 
spalling. 

 
The situation analysis in this report, along with the 

case studies and site sketches in Xinjiang province, 
demonstrates the urgent need to understand, monitor 
and respond better to climate change threats to soil 
sites, as well as the interactions between climate 
change and the protection of the heritages. According 
to the most recent data issued by The 
Intergovernmental Panel on Climate Change (IPCC), it 
was emphasized that the climate change and its efforts 
can be broader and clearer, and worse than expected. 
Therefore, the potential risks of climate change on 
historical sites can occur (M. I. Al-Masawa et al.2018).  

 
This paper has concluded the climate change 

scenarios in Xinjiang, especially in Turpan and Balikun, 
indicates that a potential increase of temperature in 
that region will appear in the near future. There is also 
a probability of increasing in precipitation, which 
increases the possibility of exposure to these earthen 
heritages in the region to multiple risks and disasters 
that could reach the threaten of the disappearance of 
these treasures in Xinjiang. 

 
We hope this study will help policy makers of the 

government in Xinjiang, China, to evaluate the projects 
of the vulnerable cultural heritages and look for the  
climate change adaptation and the risk prevention to 
maintain them in Xinjiang toward sustainable 
development of this unique civilization and immortal 
global human heritages. Therefore, the study 
emphasizes the following recommendations: 

 Additional actions such as continued 
assessment, monitoring and early 
warning of impacts should be taken to 
increase the resilience of sites in Xinjiang 
region and reduce the impacts of climate 
change. Just as The Policy Document on 
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the Impacts of Climate Change on World 
Heritage Properties requires that “ensure 
they are doing all that they can to address 
the causes and impacts of climate change 
in relation to the potential and identified 
effects of climate change (and other 
threats) on World Heritage”. 

 Climate-related disasters such as severe 
storms, extreme rainfall events, floods 
and landslides present a growing threat to 
the integrity of vulnerable earthen 
heritage sites. Properties should have 
effective risk-reduction and disaster-
response plans with action priorities in 
place, and update them regularly based 
on the latest climate change science. 

 Site conservation and management 
strategies should recognize the inherent 
potential of sites to reduce disaster risks 
and adapt to climate change through 
ecosystem services (Osipova et al. 2014; 
Renaud, Sudmeier R. 2013; Temmerman 
et al. 2013). To protect the Shengjinkou 
grottoes, people planted shelterbelts 
upstream, which protected the grottoes 
from the threat of floods. 

 The significance of civil planning and 
studying the drainage of rainwater should 
be emphasized. At the same time, 
distributing farmlands in the paths of 
flood should be banned. 
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Vernacular buildings in “cold periods” and “warm periods” in Chinese 
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ABSTRACT: Scientists agree that a connection exists between the form of vernacular buildings and climatic 
changes. In the past 2,000 years of China’s history, there have been three “cold periods” (AD181 540, AD811
930, and AD1321 1920) and three “warm periods” (AD541 810, AD931 1320, AD1921 2000)  As severe climate 
change lead to the reduction of grain production and famine, people begin to migrate, and the territorial 
boundaries between farming land and the land used for animal husbandry shifted. Communication between 
different ethnic populations and the need to respond to climate change at the lowest cost were at the core of the 
development of vernacular architecture in China in the past 2,000 years. Although many researchers have been 
interested in strategies for constructing the climate-adaptive buildings of the future, no study has systematically 
analyzed the ways that construction of ancient vernacular buildings’ responded to climate change. In response to 
this knowledge gap, this study adopted a unique approach to investigate the relationship between the 
development of vernacular architecture and climate change through an examination of ancient paintings and 
books. The results showed that, during could periods, residential buildings were developed vertically (off the 
ground), while during warm periods, residential buildings were developed horizontally. These findings suggest a 
new interpretation of traditional Chinese wisdom, with implications for the impact of global climate change on 
future construction and on the protection of vernacular buildings. 

 
KEYWORDS: Climate Change, Vernacular Buildings, Vulnerability, Adaptability, Chinese Boundary Painting 

 
 
1. INTRODUCTION  

The vernacular is always ordinary, and it may even 
be ugly [1], but it cannot be divorced from the 
experiences and emotional associations of everyday 
life [2]. As a local or regional architecture built from 
natural materials available in the immediate area, 
vernacular buildings are deeply influenced by the 
specific geographical and cultural characteristics of 
the surrounding environment. Among these, climate 
change is an influential factor that cannot be ignored.  

In the past two thousand years, climate change in 
China has shown cyclical fluctuations [3]. Generally, 
climate change has two impacts on vernacular 
buildings as follows:  

Direct impact. Traditionally, China has been an 
agricultural country; the cultivated land is mainly 
distributed in eastern China, characterized by semi-
humid and humid plains, basins, and hilly areas. 
Southern China (centered on the middle and lower 
reaches of the Yangtze River) is suitable for rice, while 
central and northern China (centered on the middle and 
lower reaches of the Yellow River) is suitable for crops 
such as millet and wheat. Thus, China can be divided 
into two civilized areas that are geographically 
differentiated by the Qinling Mountains and the Huai 
River line, which is generally regarded as the border 
between southern and northern China [4]. 

 
 

The difference in agricultural activities between 
the north and the south led to variations in culture 
and life-style. The different elements of climate, to 
name a few, temperature, humidity, rainfall, wind, 
and solar radiation  directly affected the 
architectural form of vernacular buildings, including 
the roof, walls, windows, doors, materials, and so on.  

Indirect influence. In ancient times, agriculture was 
very sensitive to climate change and natural disasters 
because agricultural technology was not advanced [5]. 
As the basic guarantee of political power and, thus, the 
stability of people’s lives, the productive forces of 
agricultural not only affected the grain output and the 
form of vernacular buildings but also brought about 
epidemics, nomad-agriculturalist conflicts, migration, 
the merging of cultures, and even dynastic changes [6]. 
Therefore, the obvious impact of agricultural productive 
forces on vernacular buildings was on the style of indoor 
furniture, since the collision of different cultures 
changed people’s living habits. 
 
2. CULTURAL BACKGROUND  

Substantial research has been conducted on 
climate variation in China, mainly in the fields of 
historical geography and paleoclimatology. However, 
there is a paucity of research on the relationship 
between climate change and vernacular buildings for 
three main reasons as follows: 
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Long-term response. Since climate change 

directly affected agricultural productivity, climate 
change has long been observed and researched. By 
comparison, the importance of vernacular buildings 
has not been recognized due to lack of 
communication between different regions.  

Difficult to observe. The observation of climate 
change is flexible; observation cycles can be daily, 
weekly, monthly, yearly, etc. However, changes in 
vernacular buildings take place over decades or even 
hundreds of years, and thus the observation cycle is 
long and uncertain.  

Lack of information. While climate change has 
been richly documented, making it possible to 
construct the climatic characteristics of different 
historical periods, few accurate records about 
vernacular buildings exist [7].  

Thus, although it is very difficult to study the 
relationship between climate change and vernacular 
buildings, Chinese traditional boundary painting 
offers a way to study these buildings.  

Boundary paintings were engineering drawings 
made for the royal family1, and were characterized 
by realism, especially architectural realism. Figure 1 
shows a painting that depicts buildings, scenery, and 
activities that are consistent with the records found 
in Menghualu in the East Capital City by Yuanlao 
Meng of the Song Dynasty.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Zhengbiao at Jinming Pool2 (Partial) (Song 
Dynasty) (Tianjin Museum).  

Therefore, the vivid depiction of ancient city life in 
boundary paintings, in conjunction with archaeological 
findings and the records contained in ancient books, can 
provide an understanding of how Chinese vernacular 
buildings adapted to climate change in the past 2,000 
years. Given the available data and the typicality of 
vernacular buildings, we divide the evolution of 
vernacular buildings into three “cold periods” (AD181-
540, AD811-930, and AD1321-1920) 

 
and three “warm periods” (AD541-810, AD931-1320, 
AD1921-2000) (Table 1) [8-9]. 
 
Table 1: Characteristics of climate change in China in the 
past 2.000 years3 
 

climate cold/ temperature drought/flood 
period warm anomalies  

    

AD181-540 cold -0.30 drought 
AD541-810 warm +0.48 north: drought/ 

   south: flood 
AD811-930 cold -0.28 normal 
AD931-1320 warm +0.18 north: drought/ 

   south: normal 
AD1321- cold -0.39 flood 
1920    
AD1921- warm +0.27 north: drought/ 
2000   south: flood   

It should be pointed out that during the above 
periods, the temperature change was fast and large 
(i.e., the difference between the highest and the 
lowest temperature). Based on the temperature 
change in the winter half year in central and eastern 
China, the temperature rise/fall rate was 1  /100 
years, or even greater [8]. 
 
3. RESPONSES DURING COLD PERIODS  

In ancient China, the cold climate directly led to 
the reduction of grain production or even the 
complete destruction of the harvest. Many people 
chose to migrate to warmer places in the south, 
which were more suitable for farming. Nomadic 
people in the north made the decision to migrate to 
the central plain (Zhongyuan) because of the decline 
of grassland grass production and the consequent 
shortage of feed to support animal husbandry. This 
large-scale migration was one of the reasons for wars 
and dynastic change [6].  

The influence of these migrations on vernacular 
buildings encompassed strategies to improve wind 
resistance, heat preservation, and cold protection 
from the cold as well as changes brought about by 
culture blending. 
 
3.1 AD181-AD540  

These 360 years experienced many dynasties, 
including the Eastern Han Dynasty (AD25-220), the 
Three Kingdoms period (AD220-280), the Jin Dynasty 
(AD265-420), the Sixteen Countries period (AD304-  
413)  and the Southern and Northern Dynasties 
(AD420-581). 
 

3.1.1 Climatic characteristics  
Overall, the climate during this period was cold and 

dry [8], and natural disasters were frequent and serious 
[5]. During this period, the winter temperature in 
eastern China was about 0.5  lower than in modern 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

60

 
times. The coldest 30 years were about 1.2  lower 
than the temperature during modern time [10]. 
 

3.1.2 The vulnerability and adaptability of 
vernacular buildings  

Little research exists on vernacular buildings in 
this period, but we can infer their status based on 
traditional paintings, archaeological data, historical 
records, and current research in anthropology and 
ethnology.  

During the Han Dynasty, people already had some 
strategies to deal with the cold climate. For instance, 
in the warm room in the Palace, zanthoxylum powder 
was used as a coating material and heavy tapestry 
and a curtain made from geese feathers from the 
Western Countries through the Silk Road were hung 
up; these were used together with a series of screens 
(Pingfeng). All of the above strategies were used to 
preserve heat in cold weather. In addition, the use of 
zanthoxylum powder had two additional purpose: 1) 
The powder made from the flowers of the 
zanthoxylum had a fragrant smell so it could protect 
wooden buildings in the Palace from moths, and 2) 
zanthoxylum produced many fruits, which was a 
symbol of reproduction. Washing the wall with 
zanthoxylum powder signified the hope for the 
blessing of good fortune and many offspring.  

Compared with the wooden buildings where the 
royal family lived and the tile houses where the 
nobles lived, most ordinary people lived in buildings 
made of grass or bamboo because during the Qin and 
Han Dynasties the beginning of this cold period—
bamboo forests were still planted and grew well in a 
large area in northern China and the central plain 
(Zhongyuan) [11].  

Grass, bamboo, and wood were commonly used 
materials in ancient Chinese architecture because they 
were widely planted and easily available. Grass was a 
light material, which was often used as a roof covering 
or wall insulation to preserve warmth. Bamboo was 
used as a building material in the early days. As the 
climate became colder, bamboo could no longer be 
grown in northern China and the central plain, so there 
are fewer records about bamboo architecture.  

In places where the river network was dense, and 
the ground was flat and humid, the bottoms of 
building were high off the ground to adapt to the 
special climate characteristics of the humid and 
insect-infested south; meanwhile, the raised space at 
the bottom could be used for storage [4].  

The people of the Han Dynasty typically sat directly 
on the floor (Fig. 2). During the Three Kingdoms period, 
the Jin Dynasty, the Sixteen Countries period, and the 
Southern and Northern Dynasties, the minorities invaded 
the central plains constantly. Influenced by multi-ethnic 
culture blending, Hu beds (campstools), typically used in 
the northwest, gradually spread to the 

 
central plain and the south. Because the floor was 
cold, people gradually abandoned the custom of 
sitting on the floor and sat on mats, instead (Fig. 3). 
The height of the mat became higher and higher, until 
the prototype of the couch appeared, which later 
evolved into “Ta” (a low bed) and chairs (Fig. 4)  Thus, 
indoor furniture gradually took on the rudiments of 
modern household furniture.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: A depiction of people sitting on the floor (portrait 
bricks of the Han Dynasty) (Sichuan Museum).  
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: A depiction of people sitting on a mat4 (partial) 
(The Palace Museum).  
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: A depiction of people sitting on a Hu bed or “Ta” 
(partial) (Boston Museum of Fine Arts). 
 
3.2 AD811-AD930  

These 120 years experienced the Tang Dynasty 
(AD618-907), and the Five Dynasties and Ten States 
(AD907-979). 
 

3.2.1 Climatic characteristics  
The climate of AD811-1050 is considered to be wet  

[7], cold, and humid, with a relatively large amount of 
precipitation. Thus, the characteristics of vernacular 
buildings were motivated by a desire to preserve 
heat and protect from the rain. 
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3.2.2 The vulnerability and adaptability of 

vernacular buildings  
During the Five Dynasties and Ten Kingdoms 

period, because of infighting among countries and the 
unstable political power, the economic and cultural 
centre moved to the south, where the climate was 
suitable for both farming and daily life and where the 
scale of cultivated land and cities was expanded. Since 
the land policy was relatively loose, residents could 
build their own houses, and the doors could open 
onto the street, thus forming a courtyard that 
promoted communication with neighbours.  

For northerners, this period was cold and 
relatively dry, which was not suitable for living or 
farming  Thick and warm curtains were generally 
used in winter, and bamboo curtains were used in 
summer for better ventilation and to reduce the heat 
inside buildings. In remote, mountainous areas, the 
exterior walls of vernacular buildings were sealed, 
and the windows were very small (few windows were 
capable of being opened) as an adaption to the cold 
climate and to prevent the invasion of outsiders. 
Windows could also serve multiple purposes such as a 
lookout and a shooting port. The skylight and patio 
provided natural lighting. 
 
3.3 AD1321-AD1920  

These 600 years experienced four dynasties: the 
Yuan Dynasty (AD1206-1368), the Ming Dynasty 
(AD1368-1644), the Qing Dynasty (AD1616-1911), and 
the Republic of China (AD1912-1949). 
 

3.3.1 Climatic characteristics  
This period was concurrent with the Little Ice Age. 

The decline of temperature during the periods AD1381-
1470 and AD1470-1830 was, respectively, 0.8  and 0.9 

 [8], which caused a chain of effects, including famine 
and peasant uprising. 
 

3.3.2 The vulnerability and adaptability of 
vernacular buildings  

During this period, even though they burned 
easily, wooden frame buildings were popular because 
they were consistent with the natural environment, 
the available forest resources, the builders’ technical 
experience, and the production conditions in most 
areas. Grass houses and bamboo houses were 
gradually disappearing.  

During the Ming Dynasty, with the increase in brick 
production and the wide use of bricks, vernacular 
buildings in some areas started to change from wooden 
structures to brick-wood structures. However, wooden 
buildings were still the dominant style.  

During the Liao and Jin Dynasties, Kang, a bed that 
could be heated during the winter, appeared in the 
records of antique books about northeast China. This 
was a bed that was heated by a hot pipe connected to 

 
the wall or with a fire and smoke exhaust pipe in the 
kitchen. In other words, as long as firewood was 
burning in the kitchen, the bed would always be 
warm. This kind of furniture is still used today. 
 
4. RESPONSES DURING WARM CENTURIES 

Compared with cold periods, warm periods were  
more suitable for agricultural production. The length 
of the growing season for crops increased, farming 
areas expanded, grain output improved, and people’s 
lives became more stable. Under these 
circumstances, people began to pursue quality of life. 
The quality of vernacular buildings was better, and 
the materials and furnishings were more refined. 
 
4.1 AD541-AD810  

These 270 years experienced three dynasties: the 
Southern and Northern Dynasties (AD420-581), the 
Sui Dynasty (AD581-618), and the Tang Dynasty 
(AD618-907). 
 

4.1.1 Climatic characteristics  
The warm and alternately dry and wet climate 

created conditions for the development of an 
agricultural economy, which laid the foundation for 
stable dynasties and an improved quality life. 
 

4.1.2 The vulnerability and adaptability of 
vernacular buildings  

According to the records of the Han Dynasty, 
earthquakes occurred frequently in the Hexi Corridor, 
the narrow plain to the west of the Yellow River. No 
remains have been found, but we can imagine through 
the painting in Figure 5 that the external wall of the Wu-
bao, located in the Hexi area, had many bends, which 
may have been intentionally built to protect against 
damage caused by earthquakes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Multi-section external wall (Murals of Dunhuang 
Cave 420 during the Sui Dynasty).  

In the Tang Dynasty, people liked to sit on a big, 
low bed called a “Ta” in Chinese (Fig. 4). People sat 
on the bed with food or books in the middle. Both 
short furniture and tall furniture were rich in variety. 
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4.2 AD931-AD1320  
These 390 years experienced the following 

dynasties: the Five Dynasties and Ten States (AD907-
979), the Song Dynasty (AD960-1279), the Liao 
Dynasty (AD916-1125), the Jin Dynasty (AD1115-
1234), and the Yuan Dynasty (AD1206-1368). 
 

4.2.1 Climatic characteristics  
This period was concurrent with the “Medieval warm 

period” in Europe and the Atlantic areas. During this 
period, the average temperature in the winter half year 
in eastern China was about 0.2  higher than it is today; 
however, the warm climate was not stable, and there 
were times when it was relatively cold [12]. 
 

4.2.2 The vulnerability and adaptability of 
vernacular buildings  

Before the Tang Dynasty, most of the windows 
were Zhileng windows and Pozileng windows, which 
were fixed with wooden bars embedded in the wall 
and which could not be opened.  

Until the Southern Song Dynasty, lattice door and 
screens were often seen in the boundary paintings 
(Fig. 6). They consisted of two layers, inside and 
outside, and were installed in winter to resist the cold 
wind; they could be disassembled in summer to 
facilitate lighting and ventilation (Fig. 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: In autumn, the doors and windows could be 
opened for ventilation and viewing (by Songnian Liu) (The 
Palace Museum).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: In winter, two layers of doors and windows 
improved heat retention (by Songnian Liu) (The Palace 
Museum).  

In vernacular buildings, people placed doors and 
windows upwind and leeward, respectively, so that 
different wind pressure was formed between the 

 
indoor and outdoor environments to strengthen the 
effect of ventilation.  

By the Song Dynasty, the custom of kneeling and 
sitting on the floor had completely disappeared, and 
high furniture had become increasingly common, 
even though the weather was not cold (Fig. 8).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Women in the Song Dynasty sat on stools to dress 
(by Hanchen Su) (Boston Museum of Fine Arts). 
 
4.3 AD1921-AD2000  

These 80 years experienced two dynasties: 
Republic of China (AD1911-1949), and the People's 
Republic of China (AD1949-present). 
 

4.3.1 Climatic characteristics  
It should be noted that the impact of climate 

change on vernacular buildings has weakened a lot 
due to the development of modern building 
materials. In addition, since the Song Dynasty, many 
dynasties have set official criteria for architectural 
design and construction. Thus, vernacular buildings 
have slowly lost their unique characteristics. 
 

4.3.2 The vulnerability and adaptability of 
vernacular buildings  

The site selection for residential buildings 
experienced a process of migration from high 
mountains or waterside to flat land. In earlier times, 
ling mountainous environments helped people avoid 
damp and floods as well as to resist enemies, while 
living by the water was convenient for agricultural 
production. With the development of transportation, 
science, technology, and the economy, the influence 
of topography, water, and other factors on 
residential buildings became less and less.  

During this period, government power, social capital, 
economic capital, and other forces together impacted 
the design of most residential buildings to achieve the 
effect of gradual homogenization. While meeting 
residential needs, the architectural structure, 
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spatial classification and internal layout of vernacular 
buildings also demonstrated differences in terms of 
social hierarchy. 
 
5. DISCUSSION AND CONCLUSION  

The climate will always be in a process of change. 
The most vulnerable systems are those that are most 
sensitive to climate change and are least adaptable. If 
we could choose, warm periods are better than cold 
periods for social development. Vernacular buildings 
have used different adaptive strategies in cold and 
warm periods. Based on the history of China in the 
past 2,000 years, human society in the face of climate 
change is characteristically sluggish during cold 
periods and evolutionary during warm periods. To 
explain further, the form of vernacular buildings is 
inverted; that is, during cold periods, architecture and 
furniture are vertically developed (higher and higher 
off the ground), while during warm periods, the 
architectural forms and furniture were horizontally 
developed.  

From ancient to modern, for ordinary residents, 
the most important thing is that vernacular buildings 
last for a long time and benefit future generations. 
However, architecture is continuously changing. With 
the advent of modernization, vernacular buildings 
seem to have been gradually abandoned, and are 
only useful for a get-away to the countryside when 
the family feels like it [2]. On the one hand, our lives 
are now divorced from vernacular buildings; on the 
other hand, we are missing a life lived in them. This is 
why vernacular buildings camps have become a 
tourist attraction in recent years.  

This study has some shortcomings. Climate zones 
can be further divided, and also the situation is different 
for each historical period. This paper only sorts out 
some clues according to the historical context. This 
research is not quantitative, detailed, or in-depth, but 
rather hopes to inspire future, and more detailed, 
research on vernacular buildings, which will 
undoubtedly provide a rich vein of investigation. 
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NOTES  
1. It is speculated that Chinese oundary paintings 
originated from ancient times to Qin and Han Dynasties, 
and their history exceeds 2200 years.  
2. At present, there is still controversy about who is the 
painter of this painting. 

 
3. This kind of climate phase division we are talking about is 
based on the data in the middle and lower reaches of the 
Yellow River and Yangtze River, different from the 
temperature anomalies in Northeast China and the Tibetan 
Plateau.  
4. This is a replicated painting of Lienv Renzhi Series of 
Kaizhi Gu (AD348-409). It is speculated that the original 
picture comes from the Han Dynasty. 
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ABSTRACT:   A large-scale defense system, the Great Wall was built in the northern border area during The Ming 
Dynasty. Its main building materials are rammed earth, brick, stone, wood, etc. The bricks on the outside of the 
wall have suffered various degrees of man-made damage during the historical period, and most of the rammed 
earth walls are completely exposed to the air. Natural weather phenomena such as wind, rain, snow, flood, river 
water and so on in nature are eroding the earthy walls without brick and stone protection for a long time. This 
paper makes a preliminary investigation on the status quo of rammed earth preservation and the climatic 
diseases suffered by the Great Wall site of the Ming Dynasty in Datong City, and studies the influence of climatic 
factors in the development of the rammed earth disease of the Great Wall site of the Ming Dynasty in the semi-
arid area of northern Shanxi Province. The protection of the local Great Wall site provides some reference for 
related research. 
 
KEY WORDS: Ming Dynasty Great Wall, Datong, Rammed Earth, Ruins Protection 
 
 

1. INTRODUCTION 
Datong is an ancient city with a long history. Many 

soil remains of different historical periods, different 
construction types, and different ways of use are left 
on this land, and most of these remains exist in the 
form of rammed earth. This includes the Great Wall, 
city walls, old castles, side walls, enemy buildings, 
enemy platforms, beacon, pavilions, tower 
foundations, building foundations, etc. The earthen 
ruins in Datong area are not only huge in number, but 
also diverse in types. The environment of the ruins is 
roughly the same, and the forms of climatic diseases 
are basically similar. Most of these earthen sites are 
directly exposed to the air, and have suffered long-
term purposive damage and natural weathering, and 
their preservation conditions are concerning. 
 
2. Overview of the existing Ming Great Wall ruins in 
Datong 

The Great Wall built in the Ming Dynasty is the 
largest single linear cultural heritage around the 
world. The Great Wall is composed of the main 
building, the pass, the castle, the side wall and the 
auxiliary buildings, the enemy tower, the fort, the 
battle tower, and the beacon tower. The Ming Great 
Wall has been standing in the natural environment 
for more than 600 years. It has been continuously 
eroded by heavy rains, earthquakes, thunder, 
lightning, rivers, floods, strong winds, surface water, 
groundwater, and vegetation, etc. Cracks, wind 
erosion, spalling and even localized rammed earth 
walls have occurred and even collapse. 

The Great Wall of Datong Ming is geographically 
located between 40°13' and 40°42' north latitude, 
with an altitude of about 1100 meters to 1800 
meters. Along the Great Wall is the intersection of 
the Loess Plateau and the Mongolian Plateau. This 
section of the wall is mostly made of loess, some of 
which are also mixed with sand and gravel. Most of 
them are located in hilly areas and mountain pass 
areas. The climate is typically dry, windy and 
concentrated rainfall. The Ming Great Wall in the 
south of Datong City is called the Inner Great Wall. 
The inner Great Wall is mostly built of pure stone or 
masonry, and the inside of the wall a large number of 
stones. The inner Great Wall in Datong has two 
forms: one type of Great Wall is in the shape of a line 
with sections of walls; the other type of Great Wall is 
in the shape of points, with no borders but separated 
by dozens of isolated gates and enemy buildings 
facing each other. Because the mountains are steep, 
most of these Great Walls have no walls. Only in the 
pass, valley and river mouths, stone-based brick 
hollow enemy buildings were built, and only a short 
section of the wall was built at the important passes 
(Fig. 1~ Fig. 3). 
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Figure 1: Weathering status of rammed soil at the Great 
Wall site. 
 

 
Figure 2: Sectional view of the wall of the Great Wall made 
of rammed earth. 
 

 
Figure 3: Sectional view of the Great Wall of stone. 
 
3. Investigation on the climatic diseases of the 
rammed earth at the Great Wall site of Datong Ming 
Dynasty 
 
3.1 Climate characteristics of Datong 

Datong is located along the Outer Great Wall, 
where the Loess Plateau and the Mongolian Plateau 
meet, and the loess cover is relatively thin. The 
terrain is mostly mountainous and hilly, with serious 
soil erosion, sparse vegetation and very fragile 
ecology. It belongs to a temperate semi-arid and arid 
steppe climate with a cool and arid climate. The 
average annual temperature is between 3°C and 7°C. 
The average precipitation in the past 30 years is 427.1 
mm, and the precipitation is mostly in July and 
August, with an average annual evaporation. The 
capacity is 1100 mm, (Fig. 4~ Fig.  7). 

 
Figure 4: Average precipitation in Datong for 30 years from 
1990 to 2019. 
 

 
Figure 5: Average value of Datong evaporation from 1990 
to 2019. 
 

 
Figure 6: The average temperature of Datong in the 30 
years from 1990 to 2019. 
 

 
Figure 7: Average maximum wind speed in Datong from 
1990 to 2019. 
 
3.2 Investigation of rammed soil diseases at the 
Ming Great Wall site in Datong 

The investigation shows that the main diseases of 
the Great Wall rammed soil are porosity, cracks, flaky 
denudation, spalling, scouring, digging, 
incompleteness, holes, collapse, vegetation diseases, 
etc. The occurrence of disease has a dynamic process. 
If no measures are taken for the initial crack, it may 
develop into a gully or undercut, and if it continues to 
develop, it may collapse. There is currently no once-
and-for-all protection plan for the raw soil buildings 
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directly exposed to the natural environment. Daily 
maintenance and daily risk investigation combined 
with effective rescue measures are the most 
constructive maintenance strategies (Fig. 8). 
 
3.2.1 Rainwater erosion 

The average annual rainfall in Datong is only 427 
mm, which is lower than the average annual rainfall 
in China. However, the rainfall in Datong is mostly in 
July and August, so summer rainfall has the most 
serious damage to the earthen ruins. The 
development of gullies mainly depends on rainfall; 
the development of flaky peeling is related to rainfall, 
evaporation and temperature; the development of 
vegetation diseases is also related to rainfall and 
sunshine. 

 
Figure 8: Schematic diagram of rammed soil disease at the 
west gate of Zhenbianbao. 
 

 
Figure 9: Gullies destroy the Great Wall. 

 
Rainwater seeping into the rammed earth wall 

can cause the following diseases: 1. Water has a 
lubricating effect on the soil surface, which changes 
the soil cohesion, internal friction angle and shear 
strength and other indicators, and degrades the 
structure and performance of the soil. 2. Rain water 
will increase the weight of the wall and cause the soil 
to swell and even cause diseases such as tilt and 
cracks. When expansion and cracks act on the wall for 
a long time, the wall will lose its balance and fall to 
one side. 3. Rainwater will take away a large amount 
of soil during the draining process, which will damage 
the overall stability and independence of the rammed 
earth wall. 

The area of the Great Wall near Badun Village, 
Xinpingbao Town, Datong City is a typical loess 
plateau hilly landform. The wall is rammed with loess, 
and the wall contains gravel and gravel. There are few 
vegetation around the wall, and there are cracks, 
grooves and holes on the surface of the wall. The 
overall wall preservation is poor. In the picture, the 
1,200-meter-long Great Wall was destroyed by gully 
into four sections (Fig. 9). 
 
3.2.2 Cracking 

In Datong, there is little rainfall, large evaporation, 
many sunshine days throughout the year, and windy 
weather. The dry climate makes most of the water in 
the rammed earth wall directly exposed to the 
natural environment disperse, and the toughness of 
the rammed earth layer is reduced. The body is easier 
to crack and break. The appearance of cracks not only 
affects the durability and integrity of the wall, but 
also affects the seismic performance of the wall. 
Some seriously diseased rammed earth walls may 
even partially collapse. 

Common cracks under the influence of climatic 
factors include temperature cracks and freeze-thaw 
cracks. Freeze-thaw refers to the process of freezing 
and thawing when the soil temperature fluctuates 
above and below the freezing point. Repeated 
freezing and thawing can destroy the original 
structure of the soil and the cementation or even 
cracking between the soil particles. The annual 
average sunshine hours in Datong is 2,644 hours, and 
the temperature difference between day and night is 
large, so freezing and thawing is also a very important 
factor. The rammed-earth wall of the Great Wall is 
mostly constructed with layered rammed structure, 
which makes it possible to develop internal cracks in 
the rammed-earth body. According to the different 
directions of the cracks, it can be divided into 
transverse cracks, longitudinal cracks and oblique 
cracks. Judging from the distribution of cracks on the 
section of the exposed rammed earth wall, the cracks 
in the center of the rammed earth wall are 
approximately vertical, and more cracks are inclined 
to both sides. The cracks developed in the rammed 
soil parallel to the surface of the rammed soil are the 
main cause for the rammed soil slipping and collapse. 
In the rammed soil, the cracks of the parallel city wall 
and the vertical city walls generally have rain washout 
marks. The rainwater will take away a lot of soil 
during the discharge process, hence a cavity. 

 
3.2.3 Salt erosion 

The soluble salt in the earthen ruins deliquesces 
and dissolves under the action of moisture, and then 
moves to the surface of the bottom wall of the ruins 
by capillary ascending to crystallize. After repeated 
for many times, the cementation between the soil 
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particles will be destroyed, resulting in salt erosion 
disease on the surface of earthen ruins. Salt erosion 
disease is more obvious in the roots of earthen ruins. 
Under the long-term action of salt erosion disease, 
earthen ruins can cause root erosion and suspension 
of earthen ruins, which will eventually develop into 
wall instability and collapse. Experiments have 
confirmed that the most severe damage is sulfate. 
Because the occurrence of salt erosion in earthen 
sites is mainly related to the frequent effects of salt 
and water and is not directly proportional to the 
content of soluble salt in the site, rainfall is the most 
important climatological factor affecting salt erosion. 

The root of the rammed earth wall will erode and 
peel off the rammed earth layer at the bottom of the 
wall due to moisture, evaporation and capillary water 
rise. If the salt content in the soil in the rammed soil 
area is large, the salt content will cause salinization 
erosion on the wall through the rise of capillary 
water. The cobblestone layer can be used as a barrier 
layer in the maintenance and reinforcement of such 
diseases, which can very effectively prevent capillary 
water from rising. 

 
3.2.4 Denudation 

Complicated climatic and environmental factors 
are the main reasons for the spalling of the rammed 
earth wall surface. Especially in the humid and 
medium erosion environment, the rammed earth wall 
becomes loose, soft, or even deteriorated under the 
action of water, and finally leads to a strong wall 
developing cracks until it peeled off. Although the 
surface layer of rammed earth wall is eroded and 
peeled, although it has little effect on the main 
structure and stability of the wall, it affects the 
durability of the wall. Because the denudation of the 
rammed soil surface will expose the inner soil layer to 
the outside and accelerate the speed of weathering 
and erosion of the inner rammed soil. The treatment 
of rammed soil spalling caused by water erosion is 
more complicated, and measures should be taken to 
avoid it from the perspective of prevention. If it is 
found that the surface of the rammed earth wall is 
peeled off, the wall should be reinforced in time. If 
effective waterproof and salt-proof measures can be 
taken, the spalling of the rammed earth wall can be 
avoided to a large extent. 

 
3.2.5 Wind erosion 

The maximum wind speed in Datong City 
generally occurs in spring and summer. The number 
of windy days is the most in spring, followed by 
summer. Among them, blowing sand and sandstorms 
are more common in spring accompanied by strong 
winds. The annual average number of strong wind 
days in Datong is 17.5 days, mostly in March, May, 

and August. The maximum wind speed recorded is 
22.9m/s (level 9). 

The Great Wall in the northern part of Datong is 
generally located on a ridge. The environment is 
semi-arid, dry, windy and sandy. Wind becomes the 
main driving force for shaping the landform, which 
also provides conditions for the occurrence of wind 
erosion. Datong is located in a temperate continental 
monsoon climate zone. Under the long-term blowing 
of the northwest and southeast monsoons, the 
surface of the earthen ruins has been damaged by 
blowing and abrasion over time. Due to the dry soil, 
high sand content and strong wind, the erosion of all 
rammed earth walls under the action of wind and 
sand is also obvious. Combined with the effects of 
cracking, guttering, collapse and other 
comprehensive factors, it can easily lead to spall and 
foundation excavation. Through investigation, it is 
found that the average wind speed has little effect on 
wind erosion, and the maximum wind speed and the 
number of strong wind days have a relatively large 
effect on wind erosion. When the wind is constant, 
the angle between the wind direction and the wall is 
in the range of 0° to 30°, the surface of the wall 
suffers the most wind erosion. For the pits formed by 
wind erosion on the rammed earth walls, the 
weathered and loose metamorphic rammed earth in 
the pits should be cleaned up until the original 
rammed earth layer is exposed, and then filled with 
blocks before surface treatment. 
 
4. Maintenance strategy of the rammed earth wall 
of the Great Wall 
 
4.1 Grouting 

The vertical cracks appearing on the rammed 
earth wall are generally treated with grouting to 
avoid further deterioration of the internal soil. For 
horizontal cracks in rammed earth walls, soil anchors 
should be used to anchor the soil that has a tendency 
to slide and displaced as a whole, and then the soil 
cracks should be sealed by a grouting process. The 
grouting material is recommended to be a paste-like 
silt slurry formed by mixing low-salt silt near the site 
and glutinous rice glue. The materials used for soil 
construction grouting must be breathable and 
environmentally friendly. Therefore, care must be 
particularly taken choosing grouting materials. 
Traditional building materials or improved traditional 
building materials should be selected as far as 
possible. In principle, PS (modified high modulus 
Potassium silicate) and other pure chemical 
materials. 

 
4.2 Soil nail anchoring 

Soil nail anchoring is an in-situ reinforcement 
technology for soil. It uses wood anchor rods or glass 
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fiber anchor rods as reinforcements. Relying on the 
friction between the soil wall and the reinforcements, 
the soil wall is tied into a whole. This technology was 
first used in the slope engineering of coal mines in 
China. Soil nail reinforcement is constructed by 
drilling, inserting reinforcement, and grouting. Firstly, 
drill a certain depth hole in the rammed earth wall, 
then insert the wooden anchor rod, and then perform 
pressure grouting for reinforcement, so that the 
anchor rod and the rammed earth wall are opened 
into a composite body, and finally on the rammed 
earth wall. Hence Install the pressure-bearing 
wooden board connected with the end of the 
wooden anchor rod. This reinforcement method 
provides flexible support to the wall, which can make 
up for the insufficient strength of the rammed earth 
wall. It has an effect on the gradual cracking, 
enhances the overall stability of the wall, and can 
avoid the overall collapse of the wall (Fig. 10). 

 
Figure 10: Schematic diagram of soil nail repair and 
reinforcement of rammed earth walls. 
 

Anchorage advantages: 

1. The tools needed for construction are simple 
and the construction time is short; 

2. Lightweight structure and high reliability with  
the wall to be slightly deformed after construction; 

3. The amount of materials is small, the 
construction intensity is low, and the construction 
cost is low; 

The construction of the rammed earth wall has no 
water seepage and the wall is relatively strong. If the 
wall soil is relatively loose, it is generally not suitable 
to use this scheme for construction. In-situ 
reinforcement is the use of high-permeability 
bonding materials to reinforce the existing rammed 
soil surface. It can effectively enhance the 
solidification cohesion of loose soil particles to 
improve the water resistance and stability of the soil. 
This technology has made some successful 
experiences in the protection of non-structural 
earthen sites. For the disease of the loose soil inside 
the rammed earth wall, grouting should be used to 

reinforce the internal soil body to recombine it into a 
whole, and then soil nails should be used to reinforce 
it. 
 
4.3 Other maintenance strategies 

In order to avoid the potholes and gullies formed 
by the erosion of surface water on the wall, drainage 
problems should be solved first, and the direct threat 
of rainwater, mountain torrents and other surface 
water to the rammed earth of the wall should be 
effectively reduced. An intercepting ditch should be 
set on the slope surface higher than the wall to 
remove excess surface water. When repairing the 
water-corroded part, glutinous rice glue should be 
added to the new and old contact surface to solve the 
problem of the combination of the repaired rammed 
soil layer and the original rammed soil. 

The protective fence has a great impact on the 
overall style around the Great Wall site, and it is not 
recommended to use it on a large scale. It is only 
partially installed in areas where human and animal 
activities are frequent and pose a greater threat to 
the Great Wall site. The protective fence is mainly 
made of wooden materials, and its appearance is 
simplified as much as possible. The color is mainly the 
original color, and it should not be too bright-colored. 
 
5. Controversial Great Wall Repair Case 

 
Figure 11: Contrast photos before and after repairing parts 
of the Great Wall Mount Damao in Mount Zhuizi, Suizhong 
County, Liaoning Province, China. 
 

In 2014, the Mount Damao section of the Mount 
Zhuizi Great Wall in Suizhong County, Liaoning 
Province, China experienced a large-scale 
construction incident involving the use of "Sanhe soil 
paving and tamping" during the repair of the wall. In 
addition, the construction party added modern 
building materials-cement to the "Sanhe soil" used in 
part of the repairs. After repairs, the winding Great 
Wall on the mountain seems to be turned into an 
undulating mountain path. 

This section of the Great Wall is part of the Mount 
Zhuizi Great Wall, the sixth batch of national key 
cultural relics protection units. As this section of the 
Great Wall is located on a steep mountain, when the 
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wall was built, the local materials were used to 
combine the construction technology of stone 
masonry and masonry. In 2011, the Suizhong County 
Cultural Relics Bureau commissioned the Liaoning 
Provincial Cultural Relics Protection Center to design 
a maintenance plan for the serious damage to the 
Great Wall in the Mount Damao section. In 2012, the 
State Administration of Cultural Heritage approved 
this maintenance plan. In the plan, the “remaining 
plain soil on the top (the surface of the top of the city 
wall tiled with blue bricks) was re-patched, and then 
notoginseng lime was used (the ratio of raw white 
ash to clay is 3: 7 ratio of building materials) 
supplemented with a solid layer, the average 
thickness is 12 cm". According to the above-
mentioned repair plan, the repair project started in 
July 2013 and was completed in August 2014 (Fig. 11). 

In the pre-construction drawing review, the 
construction party clearly stated that if there is a 
plain soil cushion on the top of the original wall, it 
should be flattened and tamped with three-layer soil 
during construction, and then topped with a block of 
rock. If there is a plain soil cushion or sea block on the 
top of the wall, restore it; if there is no sea block, use 
blocks to pave it. In the middle of the project, the 
construction party negotiated on related technical 
issues, which also involved sea blocks. The parts with 
sea blocks were repaired according to the existing 
preservation conditions, and the parts without sea 
blocks were not restored, and only the top of the wall 
was waterproofed to protect it. After this negotiation, 
the three construction parties all adopted the 
measures of "three-in-one soil paving and 
compaction" to deal with the wall height that did not 
reach the top surface of the seawall. 

In 2016, the State Administration of Cultural 
Heritage’s "Engineering Survey Status Press 
Conference" confirmed that during the restoration of 
the Great Wall in Mount Damao, the sections on the 
top of the Great Wall where there were no sea bricks 
were all implemented large-scale "three-in-one 
paving and tamping" construction during the 
restoration. A total of 3 bidding sections are involved, 
with a total length of about 780 meters, accounting 
for 65% of the total length of the project. The 
remaining 35% of the walls have been repaired by re-
laying the sea bricks because of the remaining sea 
bricks on the top surface. Among them, the wall of 
about 530 meters in section A is added with cement 
to the "Sanhe" material used in the repair, which 
accounts for 44% of the total length of the project. 
The State Administration of Cultural Heritage 
determined that the above maintenance measures 
have had a serious impact on the natural and quaint 
historical features of the Great Wall in the Mount 
Damao section. 
 

6. CONCLUSION 
The maintenance and reinforcement of the ruins 

of raw earth buildings exposed in nature is a long-
term and systematic project involving investigation, 
testing, identification, technical research and 
environmental monitoring. In the past hundred years, 
with the expansion of the scope of human activities 
and the impact of industrialization on the natural 
environment (mainly including air pollution and 
greenhouse effect), climate changes have also taken 
place. This also upsets the long-term balance that has 
been formed by earthen ruins in nature, and the 
meteorological diseases of earthen ruins are on the 
increase. In order to alleviate the diseases of earthen 
ruins, it is necessary to monitor the surrounding 
environment and climate of earthen ruins, regularly 
inspect the soil sites, scientifically detect and evaluate 
the disease form, disease cause, and disease status, 
and propose corresponding maintenance and 
reinforcement plans based on the actual situation. 

The rammed earth sites of the great wall of Ming 
Dynasty in Datong City, Shanxi Province, China are 
undergoing natural or human weathering and 
destruction. It is urgent to protect them. If we do not 
do our best to protect them, we may leave a ridge of 
loess for future generations. I hereby appeal to the 
experts, scholars, enterprises and units who are keen 
on the protection of the Great Wall to join in the 
protection and leave a relatively complete rammed 
earth site for our descendants. 
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ABSTRACT: This contribution describes a research led by the University of Cagliari and made with the cooperation 
of 12 local enterprises, on the definition of a modular element for vertical and horizontal closure of buildings 
produced with wood, earth and natural fibres.  
According to the Paris Agreement, International politics regarding environmental issues converge all into the 
common goal of controlling the effects of climate change and energy consumption. These politics privilege bottom-
up, local and regional approaches and strongly sustain circular economies. Sardinia has a long tradition of building 
with earth, a consistent availability of natural fibres (sheep wool, straw, hemp) and a good production of wood 
for construction. The project PLES (Prodotti Locali per l’Edilizia Sosteniible - Local Products for Sustainable 
Buildings), in which frame the research was made, aims to give a contribution to lead the Sardinian building sector 
towards a sustainable process, through the development of innovative solutions for walls and floors. These 
solutions consist of modular multilayer elements produced with natural and local materials, guaranteeing an 
ecological and circular approach. The insulation layer is directly connected to the timber bearing element and can 
be finished with an earthen plaster, increasing the indoor comfort and adding aesthetic value to the wall. The 
solutions developed have been tested in order to verify both mechanical performance and thermal and acoustic 
insulation capacity. This contribution describes the methodology and circulates the acquired results.  
 
KEYWORDS: Earth-wood building elements, natural local materials, circular economy, regional research  
 
 

1. INTRODUCTION  
PLES - Prodotti Locali per l’Edilizia Sostenibile (Local 

Products for Sustainable Buildings) is a project for the 
development of eco-sustainable construction 
solutions for energy-efficient walls and floors through 
the use of local products. The project has been 
financed by the Region Sardinia, with a public call 
made in February 2018, and has been concluded in 
March 2021. Sardinia is an Italian region undergoing a 
particular difficult condition for the development of 
the construction sector, mainly due to the fact that it 
is an Island carrying employment problems and lack of 
economic resources. However, in the very last years, 
some public and private initiatives focused at guiding 
the design and construction of buildings in order to 
favor the use of materials and processes that apply the 
principles of sustainability. For instance, many projects 
have tackled the importance to use local materials in 
order to reduce the energy consumption joined to 
transportation, a very impacting factor for isolated 
regions, or the use of natural (vegetal and animal) 
fibres for thermo-acoustic insulation. Many of these 
researches, carried out by DICAAR (Dipartimento di 
Ingegneria Civile, Ambientale e Architettura) in the 
past 5 years, concentrated the interest on the use of 
earthen-based mixes that include fibers as wheat and 
rice straw, hemp, rice hull, loofah and cellulose [1]. 
Nevertheless, the need to systematize the various 

resources and human skills in the region got essential, 
in order to recognize the island's construction sector 
as effectively sustainable. The project PLES has 
proposed the study of innovative construction 
solutions, produced locally, that fully meet the 
requirements of sustainability. The specific goal of the 
project has been the development of construction 
solutions for walls and floors consisting of modular 
multilayer packages made of organic and locally 
available materials, certified in terms of eco-
sustainability, through the study of load-bearing 
elements that include a thermal/acoustic insulation 
layer. The package can be finished with natural plaster 
or fine fabric, increasing the environmental acoustic 
comfort and adding aesthetic value to the panel. The 
multilayer packages studied have included: 

1) structural elements:  
 Sardinian wood cross laminated timber 

(CLT) panels  
2) thermal and acoustic insulation panels: 

 cork 
 sheep wool 
 earth and vegetal fibers 

3) finishing elements: 
 handicraft textiles  
 natural plasters  
 vegetal fibers  
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A fundamental point of the PLES project is the 
choice of using locally produced wood. The choice has 
been guided by the need to avoid transportation, and 
the consequent pollution, and at the same time 
safeguard and preserve Sardinian wood and forests, in 
order not just to protect the local environment and 
guarantee the hydrogeological safety of a potentially 
at risk territory, but also ignite an economic impulse 
for the development of the building market, nowadays 
in deep crisis. 

Recently, the first residential buildings with load-
bearing structures in CLT were built in Sardinia, 
following the positive and abundant examples of other 
European Countries. However, they have been built 
using imported wood, in particular from Austria and 
Germany, with a considerable monetary cost and CO2 
emissions. Although Sardinia does not have a long 
historical wood building tradition (even if the use of 
oak, juniper and chestnut for the construction of roofs 
and floors in masonry buildings was common), it 
claims about 585,000 ha of forest, being the fourth 
Italian region by wooded extension, according to the 
National Inventory of Forests and Carbon Tanks of 
2005 [2]. In particular, the Maritime Pine Tree forests, 
focus of this research, are widespread in various areas 
of the island and constitute about 9% of the high 
Sardinian forests. Considering the not-built areas 
(about 1,200,000 ha, equal to almost half of the total 
area of the island), mainly covered by Maquis 
Shrubland, Sardinia can be considered the region with 
the most green-covered surface.  

The multilayer panels studied can be integrated 
into existing buildings that require conservation or 
retrofitting. Their eco-compatibility allows their use 
also in case of interventions on protected historical-
artistic  buildings. 

For this reason, the definition of specific design 
criteria for the implemention of these elements, is 
expected to give further incentive both in the 
traditional building sector and in the emerging and 
innovative ones, with positive effects in terms of 
employment and social development. 

 
 
2. MODULAR MULTILAYER PANELS 

The multilayer panels designed and studied within 
the PLES project consist of the following fundamental 
components: 

 the load-bearing layer, 
 the thermal-acoustic insulation layers, 
 the outer and inner finishing layers. 

The load-bearing layer consists of a Cross 
Laminated Timber (CLT) panel made of Sardinian 

Maritime Pine. The construction systems with CLT 
panels are having a rapid development throughout 
Europe thanks to their intrinsic qualities: naturalness, 
dimensional stability, advanced degree of 
prefabrication at the production level, rapidity of 
assembly, remarkable properties of strength and 
stiffness [3][4][5]. The panels are solid multi-layer 
load-bearing elements obtained by overlapping and 
gluing orthogonal layers of solid wood boards, which 
can be used both as walls and floors. The panels 
formed into elements of variable widths are cut with 
high precision by numerical control machines into 
structural elements (wall, floor or roof) according to 
the architectural requirements. They can be 
completed with openings for doors, windows and 
stairwells and then hoisted and connected together in 
place with metal angles, truncated-conical raised nails 
and self-drilling screws. The CLT panels have 
considerable dimensional stability and high strength 
and stiffness, which allow the use of no particular high-
strength-class wood . This is the case of the Sardinian 
Maritime Pine, which, due to the high presence of 
knots, is a material of medium-low quality if compared 
to the conifers coming from central Europe. 
Nevertheless, the particular procedure assembling 
glued boards and crossed layers increases the 
mechanical performance of the starting boards, 
allowing to obtain a structural product with 
performance matching the rules of the construction 
market [6]. 

Three thermal-acoustic insulating layers have been 
tested: a sheep's wool pad, a cork panel, and another 
made with earth and hemp fibres. Cork, sheep's wool, 
earth-fibres, are natural materials, locally abundant, 
and therefore functional to biocompatibility and short 
supply chain production. These materials have 
extremely interesting thermal and acoustic insulation 
properties, however their systematic use is still 
penalized if compared to standardized large scale 
manufactured materials, which can be more easily 
placed on the market and at a more competitive price 
despite their lower environmental sustainability.  

The finishing layers are made with natural lime-or 
earth-based plasters, and with other materials such as 
sheep's wool, hemp and fine tissue, a traditional 
textile, made with animal or vegetal fibres. The 
research team evaluated the positive contribution of 
these finishing layers in terms of thermal and acoustic 
insulation, proving that the integration into the wall 
and floor building panels, can bring benefit to the 
environmental comfort, expressing an innovative 
combination of traditional craftsmanship and 
technology, and opening new scenarios in the field of 
interior design.

research, technological research, with important 
repercussions in terms of development.  

Figures 1, 2 and 3 show three samples of 
stratigraphy made of the above described materials.  
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Figure 1 From inside to outside (left to right): fine fabric - wood - -wood - wood 

 
Figure 2 From inside to outside (left to right): lime plaster - earth+hemp - wood - cork - lime plaster  

 
Figure 3 From inside to outside (left to right): fine fabric - wood - - wood - cork - lime plaster
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During the project, extensive experimental tests 
were carried out in the laboratory on both basic 
materials and construction elements and stratigraphy, 
in order to obtain a characterization of the mechanical 
and thermo-acoustic behaviour of each package. 

The tests carried out were the following: 

 measurement of conductivity and 
conductance; 

 measurement of the soundproofing power; 
 determination of the compressive strength; 
 determination of the flexural strength. 

Table 1 illustrates the materials tested and the 
tests conducted on each of them. 

 
Table 1 

 
 
 
3. RESULTS 

The laboratory testing campaign made it possible 
to start evaluating the mechanical and energetical 
performance of the multilayer panels and their 
individual components. 

In particular, the main mechanical (strength and 
stiffness) and thermal-acoustic (conductivity, 
conductance, soundproofing power) characteristics of 
the innovative materials studied within the project 
have been defined, namely the CLT panels of Sardinian 

Maritime Pine, the earthen-vegetable fibre panels 
and, the natural lime-fibre plasters.  

For the purpose of using the panels as load-bearing 
structural elements, the mechanical properties of the 
component materials are of particular importance. 

In this regard, experimental data concerning the 
Maritime Pine CLT panels show that the C16 strength 
class, according to the EN338 standard [6], can be 
attributed to the boards to be used for manufacturing 
the panels, characterized by a bending strength of 18 
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N/mm2 and an average longitudinal modulus of 
elasticity parallel to the grain of 8 N/mm2. Regarding 
the panels made of earth and hemp fibres, the 
compression tests have determined compressive 
strength values varying between 0.25 and 0.40 N/mm2 
depending on the composition of the panel. Regarding 
the specimens made with lime-based plaster and 
animal or vegetable fibres, the mechanical tests 
showed a bending strength ranging between 0.44 and 
0.83 N/mm2 and a compressive strength ranging 
between 0.74 and 1.47 N/mm2, depending on the 
composition of the mixture. 

These materials are not yet available on the 
market, and their diffusion and commercialization are 
subject to the certification of their properties and their 
production process. In this sense, the results of the 
tests, in addition to positively qualify the performance 
of these materials, constitute the basis to implement 
the quality process related to their production, in 
order to achieve a CE marking, which is essential for 
their diffusion in the construction sector. 

In order to favour the standardization process of 
local natural materials supply chains, the PLES project 
has implemented a database of the properties and 
characteristics of the studied materials and of the 
multilayer panels. This database is freely accessible [8] 
and provides data in the form of technical sheets in a 
format compatible with BIM (Building Information 
Modeling) platforms, which represent the future of 
the design and management of buildings and 
constructions. The database also contains information 
relating to more traditional construction systems such 
as brick and concrete blocks masonry, and allows to 
make an immediate comparative evaluation between 
the properties and therefore the performance of 
different materials and construction systems, allowing 
to choose optimal solutions both in case of new 
buildings design and in case of intervention on existing 
buildings. 

 
 

3. CONCLUSIONS 
Since many years DICAAR has been researching on 

earth-based building elements and testing different 
mix designs made with earth and fibres. Earthen 
blocks and earth-based insulation panels of many 
types have been thoroughly tested and defined.  The 
project PLES, has represented the spark that ignited 
the start of a broader and more in-depth research that 
merged the preceding investigations on earth-based 
elements towards the study of modular vertical and 

horizontal closure systems for buildings, combining 
them with wooden elements. In addition, it has 
tackled a scientific approach to the intelligent and 
convenient use of local materials, both prime- and 
resulting from primary processes, encouraging 
virtuous circular economic activities and enhancing 
regional material- and human resources. Throughout 
the three years of its duration, the project allowed the 
research group to define multi-layer modules, that, 
once tested, obtained very interesting results 
concerning stability and physical performances. The 
team, that includes professionals of the academic 
disciplinary sectors of structural and architectural 
engineering, and building physics, is continuing the 
research with the intention to define certified 
prototypes to be launched into the sustainable 
building market.  
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ABSTRACT: Vernacular architecture is the carrier of social memory, and it is enclosed with materials that show the 
local identity, resources, and historical development. Due to the contemporary context in rural areas in Northeast 
Thailand, demand on the wall enclosure is under the following conditions: updated aesthetic, low cost, simple 
production process that can be done by oneself, and durability of materials compared to natural and local availa-
ble materials. Thus, the brick samples in this study were made based on traditional techniques of clay mixed with 
small pieces of vetiver grass in different proportions and combined with industrial materials (e.g., cement and 
lime). The relevant properties of these bricks were tested. The study produced the best performing bricks under 
the greatest possible proportion of vetiver grass to construct a small experimental building in the Northeast of 
Thailand. The bricks’ properties were compared with other materials commonly used as a wall enclosure in the 
community construction, such as wood and corrugated galvanized iron sheets. Based on the temperature and 
relative humidity measured, the study showed that the experimental bricks had better heat insulation than the 
other materials, were well suited for controlling the micro-environment, and provided enough comfortability. For 
common use, the bricks can be applied as an alternative material for the modern vernacular architecture to pro-
mote regionalism and cultural building traditions, energy efficiency and sustainable development both in the ur-
ban and rural areas.   
 
KEYWORDS: Vernacular architecture, Modified adobe brick, Authenticity, Micro-environment,  
                     Appropriate construction material  
 
 

1. INTRODUCTION  
From the perspective of environmental protection, 

sustainable development means creating rational sys-
tems of social development to ensure the whole soci-
ety's stability.  As citizens of a major agricultural region 
in Northeast Thailand, the peasants linger in their re-
spective farming occupations, which, many times, 
place them under the shadow of poverty. Even so, the 
region still has potential for further development in ag-
riculture, folk tourism, and so on. However, the local 
people, especially those with low income, are not 
aware that their living space can be combined with the 
available resources around them to create a more 
comfortable and beautiful living environment.  

Along with the development and improvement of 
modern technology and living standards nowadays, 
most people have gradually lost interest in construct-
ing their buildings with suitable materials by them-
selves. In rural areas of Thailand, people usually prefer 
building dwellings with fast and easily accessible ma-
terials (e.g. wooden, iron sheet). However, some of 
these architectural materials are not durable, for ex-
ample, a wooden building is subjected to destruction 
by termites or rots away, while the one made of 

corrugated galvanized iron (abbreviated CGI) sheet is 
easy to rust. Moreover, the microenvironment of the 
building makes it uncomfortable for daily life due to 
the high temperature and humidity it brings, besides a 
lack of aesthetics.  

Additionally, there are local temples scattered in 
the northeastern region of Thailand that were built 
with adobe materials in a vernacular style.  Nowadays, 
the walls of some chapels retained as architectural 
heritages are dilapidated (Fig.1). Thus, a kind of alter-
native building materials should be taken into consid-
eration to repair the wall enclosure in order to inherit 
the chapels’ beauty.  

It is well known that an adobe building is the result 
of the long-time development and heritage of 

Figure 1: The old Chapel of Pho Chai Temple in Khon Kaen 
province, built around 1824.  
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architectural civilization, owing to its green, environ-
mentally friendly, and ecological architecture. Never-
theless, besides religious buildings and traditional Chi-
nese shophouses in the past, adobe bricks are seldom 
used in construction in Thailand. Thus, there are not 
enough relevant experimental standards and design 
specifications. Therefore, through integration of the 
local economic and cultural characteristics of North-
east Thailand, the study intends to combine the tradi-
tional technique and materials with a small number of 
industrial building materials, to produce the modified 
adobe brick at low-cost with energy efficiency and 
lower the labour-intensive level during the material’s 
production process. An experimental building was 
built to examine the microenvironment parameters in-
cluding the temperature and relative humidity. The 
study aims to make the modified adobe brick as an al-
ternative building material to promote modern ver-
nacular architecture, repair or renovate the existing 
vernacular heritage in local areas. This will help the 
low-income people to have their own affordable 
houses or any other kind of building under the concept 
of using local and ecological resources with appropri-
ate material, construction technique and design.   

2. LITERATURE REVIEW 
Adobe buildings were not only built in developing 

countries but also in developed countries such as 
America and some countries in Europe. The standard-
ization, institutionalization, and procedure of the 
adobe building construction in such countries are of-
ten paid attention to. In the United States, the norms 
of construction rules have become legally authorized 
along with the development of raw walls. At present, 
in New Zealand, three series of the standard1 of adobe 
building covers three ranges of adobe bricks, com-
pressed earth blocks, and rammed earth wall.  In Aus-
tralia, through the effort of Middleton Architects, a 
technique of adobe construction has remained in reg-
ular use by self-builders. Adobe buildings, especially 
those of an artistic or environmental benefit, began to 
develop rapidly (Patrick, 2000). In terms of the seismic 
resistance of adobe bricks, Blondet (2005) introduced 
the damage from seismic deficiencies of adobe con-
struction, analysed the main affecting factors to im-
prove the seismic performance of adobe construction, 
gave some recommendations about the improvement 
of strength performance and size of construction com-
ponents, and drew a helpful conclusion to increase 
earthquake-resistant structural performance. Re-
vuelta-Acosta, Garcia-Diaz, Soto-Zarazua, and Rico-
Garcia (2010) had demonstrated that adobe had low 

thermal conductivity and high heat capacity, leading to 
thermal stability of an earthen building compared with 
concrete buildings. In their study, computational fluid 
dynamics were proposed as a new tool to investigate 
the thermal behaviour of the earthen building. The 
adobe construction has been systematically studied 
since the 1980s in China (see Tao and Pan, 2008). 
Wang and Ma (2008), in particular, put forward the 
four components of rammed earth construction in Anji 
county, Zhejiang province, in which the proportions of 
clay, sand, and cement were respectively 5:5:0, 5:4:1, 
5:3.5:1.5, and 5:3:2, and then examined the thermal 
physics and mechanical performance by means of la-
boratory tests. In Thailand, the use of vetiver grass as 
a building material was firstly interested by Heng-
sadeekul and Nimityongskul (2003). But the use of vet-
iver grass – a plant that helps to maintain the clay and 
environment, increases insulation properties of lime in 
combination with clay to absorb excessive moisture – 
has not been studied as a construction material to 
date. 
 
3. MATERIALS AND METHODS 

A building is a structure that gives its resident “the 
foothold of existence”, and a concretization of existing 
space. In Northeast Thailand, the vernacular architec-
ture does not only refer to a dwelling with local mate-
rials and styles that are consistent with the climate 
conditions but also a religious building in Buddhist 
temples in most communities. 

This study proposed a building model with modi-
fied adobe brick as an alternative material of construc-
tion and renovation for the modern vernacular archi-
tecture and vernacular heritage, especially in the hot 
humid climate. It aimed to seek a realistic and practical 
way to work with modified adobe bricks and learned 
experiences, as well as lessons from the process of ma-
terial production and construction to achieve thermal 
comfort, which should meet the ecological and eco-
nomic conditions in practice. The experimental pro-
cess was as follows: 

 
Step 1.  To prepare the modified adobe brick and 

test their properties  
The adobe brick used locally available clay and 

sand from the Northeast of Thailand. Lime and cement 
were obtained from standard brands in the market, 
and the vetiver grass (Chrysopogon zizanioides) was 
from a plantation in Khon Kaen province. Based on the 
proportion of different components, twenty-two 
adobe bricks were made and dried in the sun in Janu-
ary 2013.  The length, width, and height of the bricks 
were respectively 30x15x12 cm. They were divided 
into four groups: A, B, C, and D, and all were tested in 
the laboratory of the Faculty of Engineering, Khon 
Kaen University. The testing list included their 
strength, porosity, water absorption, and moisture 

1 The standards are NZS4297 (Engineering design of earth 
buildings), NZS4298 (Materials and workmanship for earth 
buildings), NZS4299 (Earth buildings not requiring specific 
design), which are published in 1998. 
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content (Fig. 2). In the end, through calculations for 
the cost, weight, and accessibility, the rational and fea-
sible component proportions of adobe bricks were  
selected.  

Step 2.  To build the experimental building 
Based on the objectives of the study, two experi-

mental buildings of 2x4x2 m were built on a site in Ban 
Na Nok Khao village, Sakon Nakhon province in 2013 
(Fig. 3). The first was enclosed with adobe bricks. The 
second was built with CGI sheets, which are commonly 
used in local construction among low-income people. 
The wooden floor was raised 1 meter over the ground. 
 

Step 3. To collect data on the comfort of the in-
door environment 

Thailand is divided into three seasons, cool, hot, 
and rainy season. The data were respectively collected 
on January 15 -29, April 5 -19, and July 12-26, 2014 to 
track the change of indoor thermal environment in the 
experimental building in different seasons by using 
data loggers to collect temperature and relative hu-
midity.  

 
 Step 4. To compare the comfort of the indoor en-

vironment with other buildings in the village 
The study also compared the indoor environment 

of the experimental building (No.3) with other existing 
buildings with wooden boards (No.1) and CGI sheets 
(No.2) as the wall enclosure in order to acquire more 
data from different building materials (Fig. 4). The se-
lected building was to be located in the similar envi-
ronment with the experimental building. The main cri-
teria were considered as follows: First, there were no 

obstructions around these buildings, so that there was 
no effect related to the flow of air. Second, the length, 
height and width of these buildings were similar, and 
the stilt style was adopted. Third, the building as a 
whole and the doors were generally oriented towards 
the similar direction (Southeast). Fourth, for distinc-
tively comparing the performance of the adobe b k 
with other materials as the wall enclosure, the roof 

materials were all made of the CGI sheet, which is pop-
ular among the local people, to eep the roof under 
the same condition and minimize the impact on the ex-
perimental data. 
 
4. RESULTS AND DISCUSSION 

Through the analysis of laboratory testing data, the 
study intended to find the maximum strength of the 
experimental adobe bricks according to the proportion 
of clay, sand, lime, cement, and vetiver grass. By using 
the clay of high viscosity, reducing the proportion of 
sand, adding an appropriate amount of chopped veti-
ver grass, and cement, the study showed that the com-
pressive strength, porosity, water absorption of the 
adobe brick could be improved, and the micro-crack-
ing due to drying shrinkage could be controlled. For 
the production cost, weight, and accessibility of build-
ing materials; the property of C9 was the best in per-
formance (See Table 1). Therefore, the C9 proportion 
was used to produce the brick for constructing the ex-
perimental building. Then the thermal comfort param-
eters were measured during three periods of a year. 
From the collected data, it could be concluded that the 
thermal comfort of the adobe wall was better on aver-
age than the one with a CGI sheet at the same site and 
better than the other two in the village with wooden 
boards and CGI sheets during the same period of the 
year. 
 
4.1 Testing compressive strength of modified adobe 
brick 

Before compression testing, any surplus moisture 
of the specimen was drained out at room tempera-
ture. During compression testing, the specimen was 
placed horizontally with flat surfaces (12×30 cm) as the 
driving faces. The mortar-filled surface faced upwards 
between two or three plywood sheets, each of which 
was 3 mm. in thickness and was carefully cantered be-
tween the plates of the testing machine. The load was 
applied axially at a uniform rate of 1.43 Kg/mm2 per 
minute until failure occurred. The maximum load at 
failure was recorded. The load at failure was consid-
ered the maximum strength at which the specimen 
failed to produce any further increase in the indicator 
reading on the testing machine. The results are shown 
in Table 1. 

1. From the data, the maximum compressive 
strength of the sample was relatively higher in Group 
A (except for A1) due to the use of vetiver grass fibre. 
But the fibre may be difficult to acquire in most cases 
due to the cost of fibre separation process, which 
would add to the difficulty in production, and thus 
would not be used by any common people in real life.  

2. The maximum compressive strength of adobe 
bricks in Group D was the lowest. With the increase of 
vetiver grass, the compressive strength also corre-
spondingly decreased. 

Figure 4: The wooden building (No.1), CGI building (No.2) 
in the village and the experimental buildings (No.3). 

 Figure 2: Some of experi-
mental bricks. 

 Figure 3: Two experimental 
buildings built in 2013. 
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3. Overall, it could be seen that the maximum com-
pressive strength of bricks made with red clay was 
higher than the one without red clay in Groups A, B, 
and D because the viscosity of the red clay was 
stronger than the ordinary clay. But red clay can only 
be found in a specific area of Khon Kaen Province, 
which contradicts the concept that construction mate-
rials should be commonly available. Therefore, the use 
of ordinary clay in the modified adobe brick could be 
justified. 

The maximum compressive strength of brick with 
an appropriate proportion of cement was higher than 
the one without cement by comparing D16 to B8 and 
D13 to B7, although there was the same proportion of 
other components.  

4. As a whole, the compressive strength of the sam-
ples was higher in Group C compared to other groups, 
and it was obvious that the compressive strength 
would decrease accordingly along with the increase of 
vetiver grass in this group. 

 In general, the maximum compressive strength of
the sample brick is related to the type of the clay, the 
amount of sand and cement. It is advisable to practice 
with a large amount of clay in order to reduce the 
amount of sand, and to maintain the proper amount 
of cement. Considering the operability of the adobe 
brick, it is recommended that the component propor-
tions of C9 and C10 be used. Through consideration of 
the overall factors, especially maximum strength, C9 
was the best in performance. 

 
Table 1:  Compressive strength of experimental adobe bricks 
with Vetiver grass 

 

Cod
e 

Component proportion 
(volume: Clay/sand/lime/ 
cement/Vetiver) 

Compressive 
Weight(kg) 

Max 
strength 
kg/cm2 

A1 5:3:2:1:4 530 1.46 
A2 5:3:1:1:4f 700 2.04 
A3 5:3.5:1.5:0.5:4f 800 2.23 
A4 5R:3.5:1.5:0.5:4f 900 2.53 
B5 5:3:2:0:4 300 0.85 
B6 5:3:1:0:4 340 0.95 
B7 5:3.5 :1.5:0:4 200 0.58 
B8 5R:3.5:1.5:0:4 250 0.70 
C9 5:3:1:1:4 760 2.14 

C10 5:3:1:1:6 750 2.12 
C11 5:3:1:1:8 510 1.43 
C12 5R:3:1:1:6 700 1.94 
D13 5:3.5:1.5:0.5:4 250 0.70 
D14 5:3.5:1.5:0.5:6 150 0.42 
D15 5:3.5:1.5:0.5:8 200 0.56 
D16 5R:3.5:1.5:0.5:6 320 0.91 
Remark: “f” means adding Vetiver’s fibre, “R” means red soil, 
the cement is not added into Group B. 
 
 
 

4.2 Testing porosity, moisture content, and water ab-
sorption  

Porosity is related to the shape, structure, and ar-
rangement of solid particles in the porous media. In or-
dinary non-bio porous material, the porosity of coal, 
cement, limestone, and dolomite is lower, i.e., be-
tween 2% and 4%; 12-34% for underground sand-
stone, 43-54% for soil, and 12-34% for brick. From la-
boratory testing, the porosity of Group C was con-
trolled at about 18%, so the performance was reliable 
in anti-permeability and heat insulation conditions, es-
pecially C9, for its porosity reached 15.1%.  

According to the result of maximum compressive 
strength, Groups C and D were chosen to test the 
moisture content and water absorption. The propor-
tion of sand and vetiver grass was closely related to the 
two properties. It was found that the moisture content 
was controlled under 2% in Groups C and D. The mois-
ture content of Group D was lower than that of Group 
C as a whole. Because the amount of lime had been 
added in Group D, the moisture-proof performance 
was greater.  

The water absorptions of Groups C and D were con-
trolled to reach about 20%, but that of Group C was 
lower than Group D. The ratio of water absorption of 
C9 was the lowest in Groups C and D which met the 
requirement of building materials (Table 2).  
Table 2 The maximum strength, porosity, moisture content, 
and water absorption of the experimental modified adobe 
blocks in Groups C and D. 
 

Cod
e 

Max 
strength 
(kg/cm2) 

Poros-
ity% 

Moisture 
content 

(%) 

Water Ab-
sorption 

(%) 
C9 2.14 15.1 1.88 17.73 

C10 2.12 17.9 2.10 21.70 
C11 1.43 17.5 1.66 21.02 
D13 0.70 16.2 1.07 18.65 
D14 0.42 17.4 1.57 21.30 
D15 0.56 19.5 1.75 24.13 

 
4.3 Determining the optimal component proportion 
of modified adobe brick 

The proportions of Components 1, 2, and 3 in vol-
ume (of clay, sand, lime, cement, and vetiver grass) 
were 5:3:2:1:4, 5:3:1:1:4, and 5:3.5:1.5:0.5:4, respec-
tively. In terms of the weight and production cost, 
Components 2 and 3 were more accessible and practi-
cal than Component 1. For Component 2, particularly, 
the weight of a brick was only 5.78 kg, with the cost of 
3.4 THB (USD 0.11). The proportion of Component 2 is 
the same as C9. That is to say, the weight and cost of 
C9 are lower than the other test samples.

An interlocking block, a kind of modified adobe in 
Thai architectural market, is commonly used in daily 
life in Thailand. The size is 25×12.5×10 cm, and the 
weight is about 5kg; while the market price is about 8 
THB in 2014 and 12 THB (0.32 USD) in 2021. As for C9, 
its size is 30×15×12 cm; its weight and cost are more 
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affordable. Thus, owing to the performance, cost, 
weight, and accessibility of building materials, the 
component proportion of C9 was chosen for the next 
process. 

 
4.4 Comparing the performance of the experimental 
adobe building and CGI one during three seasons 

During the daytime, the outdoor and indoor tem-
peratures (1m and 2m over the floor) of the two ex-
perimental buildings changed as follows (Fig. 5). On 
the whole, the indoor temperature (IT) in the adobe 
building was lower 2-3    than the CGI one. Especially 
during the hot season, the highest IT of the adobe 
building was 5-6  lower than outdoor. During the 
night time, the IT change of the two buildings did not 
show significant difference. But the indoor tempera-
ture of the adobe building was slightly higher than the 
CGI one in the cold season.  

In terms of relative humidity (RH) during the day-
time, the indoor RH of the two buildings changed ob-
viously. The outdoor RH was lower than the indoor hu-
midity. The indoor humidity was between 50-80% in 
the cool and hot seasons, but the adobe building ab-
sorbed a lot of heat in the daytime, especially at noon, 
so the RH decreased. In the rainy season, the indoor 
RH of the two buildings was between 65-85%. During 
the night-time, the indoor and outdoor RH of the two 
buildings did not change obviously. The indoor RH of 
the two buildings was between 60-70% in the cool and 
hot seasons, and between 80-90% during the rainy 
season (Fig. 6).  

Generally, according to the data collected during 
the three seasons, the magnitude of change of IT and 
RH in the abode building had not shown more severe 
fluctuation compared with CGI one, and it had better 
performance on passively adjusting temperature than 
the CGI one. 
 
4.5 Comparing the temperature and relative humid-
ity between the modified adobe building and local 
buildings  

The data were collected from the experimental 
adobe building (No.3) to compare with the other two 
buildings (No.1,2) located in the village, which were 
similar in structure (wooden structure to support iron 
sheet roof). Overall, the IT and RH of the modified 
adobe building of No.3 showed better performance 
than those in the village. 

As for the temperature, during the daytime, espe-
cially from 12:00 to 14:00, the IT of No.3 building was 
the lowest; during the night-time, there was no signif-
icant difference among them, although the IT of No.3 
building was a little higher than the other two.  

With regard to the RH, when the outdoor RH ex-
ceeded 90% during the night-time, the indoor RH of 
each building was between 80-90%. The RH of No.3 
building was the lowest. During the daytime, the in-
door RH of the three buildings changed obviously. The 
indoor RH among them was between 65-80%, whereas 
the humidity of No. 1 building was the lowest. Alt-
hough the indoor RH of No.3 building was a little 
higher during the daytime, it was still passively 

Figure 5:  The curve of outdoor and indoor temperatures 
of the experimental models in different seasons of 2014. 

Figure 6:  The curve of outdoor and indoor relative hu-
midity (RH) of the experimental building in different 
seasons of 2014. 
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controlled between 70-85% during the rainy season 
(Fig. 7). 

 
5. CONCLUSION   

Like other building materials that have both ad-
vantages and disadvantages, there are still some com-
mon problems found in the traditional adobe, such as 
low compressive strength, micro-cracks, rainfall ero-
sion. These problems are therefore the reason behind 
this study in an effort to add industrial materials to tra-
ditional components of adobe during the production 
process. At the same time, to reduce the weight of the 
brick and increase its dielectric properties, vetiver 
grass was added with assumption that it could be a 
more practical and feasible method. From the testing 
result, after adding a small portion of lime and cement, 
the performance in general of the material is greatly 
improved. 

Through on-site examining of the micro-environ-
ment parameters including the temperature, and rela-
tive humidity in three seasons of a year; the experi-
mental adobe building had better performance on 
passively adjusting these parameters than the CGI one. 
In the meantime, the advantage of thermal comfort of 
the modified adobe wall had been shown through 
comparison with the walls made of other materials 
(wooden and CGI ones), which were built in the same 
village. It can be said that the temperature and relative 
humidity of the modified adobe brick in the experi-
mental building meet the demand for thermal com-
fort. The results also indicate that the properties of the 
material are reliable and practical and reach the goal 
of energy efficiency, environment-friendly characteris-
tic and sustainable development.  

The material has greater advantages over the other 
common materials in passive cooling and reducing hu-
midity, hence suitable for use in hot and humid regions 

like Thailand. It is an alternative material for local peas-
ants to solve the durable problem of wooden board or 
CGI sheet as the enclosing material. Although the ex-
terior walls in the experimental adobe building look 
less refined in the aesthetic sense, the same clay ma-
terial without vetiver grass can be used for plastering.  

With the attempt to develop modified adobe, 
more experiences have been accumulated for local 
people to build affordable house (Fig.8), which pro-
vides more empirical references for the development 
of adobe buildings in Thailand. In response to natural 
and social issues at present, e.g., global warming, ur-
ban-rural income gap, etc., the concept of materials 
that is locally available, affordable, self-supporting and 
environmentally friendly, becomes increasingly im-
portant, necessitating more improvement and devel-
opment of adobe bricks. At the same time, the mate-
rial still needs to meet people’s aesthetic acceptance, 
as well as the demand for varieties and sustainability.  
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ABSTRACT: The traditional “Azumadachi” house is the unique wooden house surrounded by many garden trees for 
wind protection on site and dispersedly located near each other in rice fields. However, this traditional house has 
not been newly constructed due to modernization, and it is not possible to discern the construction process by 
community cooperation and professional works in a traditional way. In such a condition, this paper attempts to 
clarify the whole construction process leading to housing completion by focusing on how local residents 
contributed to the construction of one “Azumadachi” house in 1913. Successive house owners have stored all 
working records of craftsmen and local residents, which can provide information for analyzing the construction 
process. The recorded materials’ analysis and interviews with a current homeowner revealed that craftsmen were 
engaged in the construction mainly with timber conversion, transportation, carpentry, masonry, wall, and roof 
works. Regarding community cooperation, 69 residents contributed to ground cleaning, preparation of 
construction, foundational earthen mound, stone foundation, structure erection, lacquering, and other works, 
many of which requested significant manpower. Further, 52 local residents were found to live in the same hamlet. 
The various pieces of information obtained by analyzing recorded materials show that housing construction was 
a crucial event of shared community cooperation in a hamlet. 

 
KEYWORDS: Traditional “Azumadachi” house, Japanese wooden house, Construction process, Community cooperation 

 
1. INTRODUCTION 

The Azumadachi house is a unique vernacular 
architecture found on the Tonami Plain of Toyama 
Prefecture and protected by the surrounding garden 
trees known as Kainyo. This traditional house has not 
been newly constructed for more than half a century 
due to modernization, and its construction process, 
which was characterized by the use of locally available 
materials, cooperation of local communities, and 
involvement of local craftsmen, has been difficult for 
examination. Thus, through the records of one case of 
Azumadachi house built in 1913, this paper attempts 
to outline the whole construction process, with a 
particular focus on community cooperation. Previous 
studies have mainly focused on the unique dispersed 

settlement [1] and house gardens with wind 
protection trees [2]. Even with regard to traditional 
houses in this area, some designated housing 
properties were documented from the viewpoint of 
historical architecture [3]. No research exists on the 
construction process of traditional houses due to the 
scarcity of recorded materials. For this reason, the 
information presented in this paper is valuable for 
understanding the living vernacular architecture in this 
region. 

 
2. RECORDED MATERIALS RELATED TO TRADITIONAL 
AZUMADACHI HOUSE CONSTRUCTION 
Mr. Isao Katada, the current owner of a traditional 
Azumadachi house (Photo 1) in the Goromaru village 

 

  
Photo 1: Traditional Azumadachi house and garden trees Photo 2: Mr. Isao Katada showing the recorded materials 
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Figure 1: Drawings of elevation and floor plan 

(Author adds the names of each room and dimensions) 
 

Photo 3: Front covers of the log books 

of Tonami City, provided various recorded materials 
such as photos, diaries, and notebooks that mainly 
documented daily life around 100 years ago (Photo 2). 
These recorded materials contain construction-related 
documents about a traditional Azamadachi house. 
These are dated 1912 and 1913, the years in which the 

owner conserved the architectural drawings made by 
a carpenter and recorded the daily work of craftsmen 
and local residents contributing to the whole process 
of preparation and construction. 
(1) Architectural drawing 

The Katada house shows a typical layout of a classic 
Azamadachi house, and the floor area is 192 square 
meters, which is slightly larger than others. The most 
notable drawings are those of the frontal elevation 
and floor plan (Figure 1). The traditional Azumadachi 
house has a large gabled roof and main façade with an 
entrance usually facing the eastern side in order to 
protect it from the seasonal strong south-west winds 
prevalent on the Tonami Plain. The name “Azumadachi” 
reflects this aspect, with “Azuma” meaning “east” and 
“dachi” meaning “facing.” 
(2) Working records of craftsmen and local residents 

There are three logbooks containing working 
records. The log of craftsmen (Photo 3 left) as well as 
local cooperative labor for the preparation stage 
starting in March 1912 are 27 pages long. The log of 
craftsmen for the construction stage starting January 
1913 is 52 pages long, and that of local cooperative 
labor for construction starting March 1913 is 45 pages 
long (Photo 3 right). “Katada Yagobei,” seen on the 
cover page of logbooks, was the owner of the house 
when it was built, and he is a great-grandfather of Mr. 
Isao Katada. In the interview, Mr. Isao Katada mostly 
identified the names and living places of local 
residents in the logbooks because many of them have 
been living in the same place for the last 100 years. 

Photo 4 shows examples of these records. On the 
left are the records of the master carpenter’s working 
days and on the right are the records of cooperation 
works in the local community for stone foundation, 
with the man-days and names of those involved on 
each date. 

 
3. PREPARATION STAGE BY THE INVOLVEMENT OF 
CRAFTSMEN AND LOCAL COOPERATIVE LABORERS 

Table 1 lists, for the preparation stage, task 
category and people engaged as well as total man-days 
(i.e., total volume of work) and the distribution of 
working days for each person. In the section 
concerning the distribution of working days, the black 
line represents one man-day, and the gray one mostly 
half a man-day or less of half. Although the work lasted 
from March until December, the table shows that all 
work was suspended during the rice planting season in 
May and during the harvest season in September– 
October because farming was the main livelihood of 
the local residents engaged as craftsmen and as 
cooperative laborers. 

First, the work situation for the craftsmen involved 
in the preparation stage is summarized as follows: 
Timber conversion-related tasks began on March 9. All 
six involved people were local residents, one of whom 
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Photo 4: Man-days records of craftsmen and local residents 

Table 1: Working records and distribution of craftsmen in preparation stage in 1912 (LR: Local resident) 

 
Table 2: Working records and distribution of local cooperative laborers in preparation stage in 1912 (LR: Local resident) 

 
 

was the local resident TC1 shown in Table 1, marked 
as a timber manager. His involvement is recorded for 
the procurement of timber from the lumber yard, 
transportation, timber conversion, and later for 
wooden structure erection in the construction stage. It 
can thus be assumed that he directed these tasks. 
Actual timber conversion was mainly conducted by 
four of TC2, TC3, TC4, and TC5, while TC6 (Son of KS) 
was involved only for two days. These six people 
amassed a total of 173.4 man-days working mainly 
between March 6 and April 27 and between June 3 and 
September 3.

Master carpenter Ca1 (a local resident) engaged 
with the work only for two days, March 9 and 10, 
during which he wa  s probably involved in discussions 
about what timber should be procured and how it 
should be converted. The logbook recorded that 
Copper Co1 (a local resident) spent three days in April 
(one unspecified, 17, and 28) producing foot-washing 
tubs. 

Material transportation required 9.5 man-days in 
total, involving four people, not all of whom were local 
residents. Trips to Kanaya lumber yard, which is about 
seven kilometers away from the construction site, 
were recorded for timber transportation on June 5 and 
6, and July 24, indicating a half day’s work in each case 
(a total of 3.5 man-days). Moreover, trips to Ago 

village about seven kilometers away, where there was 
good quality earthen material for walls, were recorded 
on July 1 and August 11 (a total of 2 man-days). Other 
unspecified transportations were carried out on 
August 19 and September 5, and December 1 and 2 (a 
total of four man-days). 

Bamboo and straw materials used for wall 
construction were purchased from the local 
community. Additionally, more bamboo and timber 
materials were provided by five local residents: (1) 30 
logs of wood, (2) eight logs of wood, (3) 11 logs of 
wood and 18 poles of bamboo, (4) 28 logs of wood and 
10 poles of bamboo, and (5) six poles of bamboo. The 
interview identified two of them as neighbors of the 

 

The Photo 5: Logged wood in the garden 
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Table 3: Working records and distribution of craftsmen (carpenters) in construction stage in 1913 (LR: Local resident) 

 
Table 4: Working records and distribution of craftsmen (except carpenters) in construction stage in 1913 (LR: Local resident) 

 
Table 5: Working records and distribution of local cooperative laborers in construction stage in 1913 (LR: Local resident) 

 
 

Katada house. Although the amounts paid are not 
mentioned, but it is possible that these materials 
contributed as mutual community support, which was 
provided by the local residents’ own land, such as in 
Photo 5 [1]. Wood, bamboo, and other plants in the 
garden have been maintained for the use of village life 
as necessary. 

Next, Table 2 summarizes cooperative labor during 
the preparation period by members of the local 
community. The black line in the table represents the 
working days of local residents, who were engaged in 
cleaning work on site for three days: March 6 (11 man- 
days), March 9 (10 man-days), and March 10 (8 man- 
days), recording a total of 29 man-days. Local residents 
also helped with timber conversion in March and April
and with timber procurement from Kanaya lumber 
yard in June–August. In addition, in September– 
December, they built a workshop hut for carpenters. A 
total of 54.5 man-days for these works were recorded. 

 
4. CONSTRUCTION STAGE BY THE INVOLVEMENT OF 
CRAFTMEN AND LOCAL COOPERATIVE LABORERS 

The log of carpenters starting January 1913 and the 
log of local cooperative labor starting in March 1913 
contain detailed working records for each process, 
allowing for the confirmation of how the house was 
built. The construction took around eight and a half 
months, from mid-January to early October, with the 
first carpenters’ task of the New Year, notching the 
timber, beginning on January 17. 

First, the details of the construction tasks carried 
out by craftsmen are summarized. Table 3 shows the 
total man-days and the distribution of work days for 
carpenters, carpenter’s assistants, and separately 
hired carpenters. Table 4 shows stone masonry, 
timber conversion, wall and roof craftsmen, and their 
tasks. The black line in the tables represents one man- 
day, and the gray line represents mostly half a day or 
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less of half. The master carpenter Ca1 and two of his 
pupils, Ca2 and Ca3, were involved in the entire period 
of construction, from January 17 to October 4 (total 
261 days), working in a particularly intense manner 
from the beginning of construction until July 9 (first 
176 days in total 261 days). Ca1’s total man-days were 
154, Ca2’s was 142.5, and Ca3’s was 129.5. Fifteen 
carpenter’s assistants were engaged with the 
abovementioned three carpenters. Mr. Isao Katada 
identified at least eight of these residents as local 
residents. 

Many of the carpenter’s assistants worked for the 
last time on April 7 or 8, after structure erection on 
April 4–6; local residents CA12 and CA13, however, 
were engaged throughout the entire construction 
period. In addition, CA14 and CA15 from Demachi 
town three kilometers away were engaged in January 
and February before structure erection, possibly to 
process timber. Moreover, seven separately hired 
carpenters were engaged in finishing work between 
the beginning of September and the beginning of 
October in the final stages of construction. 

Ma3 was engaged in initial stonemasonry to set 
foundation stones on pillar positions from April 1 to 4 
ahead of the structure erection that started on April 4. 
Moreover, two masons, Ma1 and Ma2, from 
Nishinakano village about 11 kilometers away each 
worked for a few days at the beginning and end of June 
and in the middle of September, to work on the stone- 
finishing task covering the side of the foundational 
earth mound shown in the elevation of Figure 1. 

Two timber conversion specialists, TC3 (local 
resident) and TC7, were engaged in tasks related to 
structure erection between March 30 and April 5. 

The seven wall craftsmen working on the earthen 
walls were from other villages: one of them was noted 
as coming from Ohtsuji village two kilometers away 
and three from Furuueno village two kilometers away. 
The main tasks were performed between April 11 and 
18, and between April 28 and May 12. They might have 
been engaged in preparing wall materials made of soil, 
sand, and straw and installing bamboo laths and 
rough-coated walls after structure erection. Moreover, 
two wall craftsmen worked on finishing-coat 
application between June 30 and July 10 and also 
performed additional tasks for a few days in August– 
October. 

There is a mention of finishing the main roof with 
bark due to less budget for tiles on April 10–13, after 
the structure erection. In addition, the roof of the 
entrance part was finished on June 22–24. 

Next, the records of cooperative labor by local 
residents are summarized. Table 5 shows the type of 
cooperative labor provided by local residents, total 
number of man-days, and work distribution. It is as 
follows: 

(1) Initial formation of the foundational earth mound: 
a total of 50 man-days over eight days (March 22– 
29). 

(2) Stone foundation on pillar positions: a total of 46 
man-days over five days (March 30–April 3). 

(3) Erection of the structure: a total of 78.5 man-days 
over four days (April 4–7) 

(4) Lacquering and other tasks: a total of 32 man-days 
(March–September). 

Creation of a level base for the house by forming 
an earth mound started on March 22. Trenches for 
rainwater were dug on the first day (March 22), and 
excess soil was removed on the second day (March 23), 
which required two persons (man-days) and one 
person (man-day), respectively. On each of the six days 
(March 24–29) taken to create the earth mound, 
between four and 10 man-days in each day were 
recorded. 

Next, for the stone foundation, the first task was to 
compress the foundational earth mound, which was 
done by 34 local residents on March 30. It is evident 
that this main task was accomplished in a single day 
because the task of clearing up would begin on the 
following day, March 31. The setting of foundation 
stones was done by assisting the masons on April 1–3. 

The erection of the structure, in which the major 
structural elements were assembled, was completed 

on April 4–6 with the involvement of many local 
residents: on April 4, 39.5 persons (man-day); on April 
5, 24.5 persons (man-day); and on April 6, 13.5 persons 
(man-day). The record for the first day of the task, April 

4, shows that 13 carpenters and four timber 
conversion specialists were engaged alongside the 

local cooperative laborers. The mention of the task 
adjusting the structure (one man-day) on April 7 shows 
that the erection of the structure was finished. 

5. DETAILS OF ASSISTANCE BY LOCAL RESIDENTS 
The total number of cooperative laborers was 69, 

including the seven women residents noted as “wife” 
or “mother,” who possibly contributed with catering. 
Through interviews with Mr. Isao Katada, 52 of them 
were identified as inhabitants of the same village (of 
whom 13 were relatives), and eight were inhabitants 
of other villages (of whom three were relatives). The 
living place of 43 local residents out of the total 52 was 
also identified in the village (nine could not be 
ascertained). With 75% (52 out of 69) of cooperative 
laborers, thus being the inhabitants of the village, 
community cooperation was common for many 
neighbors in the construction of houses. 

The addresses of 43 of the 52 cooperative laborers 
could be ascertained, and Figures 2 locates them on 
the map. Goromaru village is composed of two 
administrative units: the upper and lower hamlets. The 
upper hamlet includes Nishitajima, where the Katada 
house is located, and the Ohshima settlement. The 
lower hamlet includes the Terashima and Kitashima 
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( : Local residents, : Relatives of Katada family) 

Figure 2: Location of cooperating local laborers and their man-days

settlements. Figure 2 shows the distribution of the 

period, at least eight of the 15 carpenter’s 
assistants were local. As a result, construction 
was seasonal, with work suspended during 
planting in May and harvest in September– 
October. 

Regarding the involvement of local 
cooperative labor during the preparatory period, 
it can be seen that members of the local 
community were engaged in cleaning on-site, 
assisting timber procurement and conversion 
and building workshop huts for the carpenters. 
During construction, they were involved in 
foundational earthen mounds for ground 
leveling, ground compression and stone 
foundation, structure erection, lacquering, and 
other works. It was also confirmed that many 
local residents in the village—in particular the 
neighbors living near the Katada house— 
provided cooperative labor. Details of the tasks 
and man-days of these craftsmen and local 
cooperative laborers are elaborated in the text. 

In this paper, community cooperation by 
farmer-cum-craftsmen and local cooperative 

houses of the local cooperative laborers as 22 (52%) 
from Nishitajima, 11 (26%) from Ohshima, six (14%) 
from Terashima, and three (7%) from Kitashima. More 
than half of the cooperative laborers were from 
Nishitajima, including those from Ohshima (79%); in 
other words, the vast majority were from the upper 
hamlet. The numbers in each circle or square box in 
Figure 2 indicate the man-days contributed by local 
cooperative laborers; of the 19 with a high man-day 
(four or above), 13 (68%) were residents of the 
Nishitajima settlement, and 16 (84%) were residents 
of the upper hamlet; thus, it can be seen that even in 
terms of man-days, local engagement centered on 
those nearest to the Katada house. 

Important craftsmen were also engaged from the 
village; the master carpenter Ca1 in Figure 2 is a 
resident of Terashima. Timber conversion specialists 
TC2 and TC3 lived in Terashima, TC4 lived in Kitajima, 
and TC5 lived in Ohshima, while the manager TC1 and 
his son (TC6) lived in Ohshima, and the cooper SG lived 
in Nishitajima. 

 
6. CONCLUSION 

Regarding the involvement of craftsmen in the 
building of a new house, it can be seen that timber 
conversion specialists, carpenters, transportation 
providers, and coopers were engaged in the 
preparation stage, and carpenters, timber conversion 
specialists, masons, wall specialists, and roofers were 
engaged in the actual construction. Some craftsmen 
were local farmers in the village, with additional skills 
of construction techniques. For example, all six of 
those engaged in timber conversion in the preparation 
stage were local residents. During the construction 

laborers is clarified in the entire construction process 
of a traditional Azumadachi house. In addition, some 
garden trees and bamboo, which were provided from 
the neighbors’ own land, were applied to the 
construction. Local people often explain that the high 
trees in the garden originally had the function of wind 
protection as well as being the resource for new 
construction. The findings obtained by analyzing old 
records represent useful information to preserve the 
local culture of vernacular architecture inextricably 
linked to local resources—both human and natural. 
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ABSTRACT: The Liangting Wooden-arcade is a distinctive architectural heritage comprising of 65 traditional Tujia 
ethnic minority stilt houses in Qingyang Village, Xuan ’En County of western Hubei Province, CHINA. During the 
commercial movement of “Sichuan salt aid to Hubei” in the late Qing Dynasty, these Tujia ethnic settlements along 
the Ancient Salt Road showed many spatial characteristics of commercial activities rather than farming activities. 
The built form of Liangting Wooden-arcade can be converted from daily dwelling compounds into a significant 
commercial bazaar on market-day of Tujia festivals, presenting multiple spatial modes under the topological 
transformation based on wooden tectonic system. This paper reveals the mechanism of spatial deformation from 
the perspectives of topology theory and wooden construction characteristics. Research in the Liangting Wooden-
arcade demonstrates the flexibility, adaptability and assemblability of the Column-and-Tie Framework (Chuandou) 
system inspired by Tujia indigenous construction techniques. After this analysis, we propose a new conservation 
measure and sustainable solution to maintain the spatial self-adaptivity of Tujia tectonic system while preserving 
the authentic characteristics of wooden architectural heritage. 

 
KEYWORDS: Tujia ethnic stilt house, Wooden-arcade, Column-and-Tie system, Topological transformation;  

 
 
1. INTRODUCTION  
1.1 Tujia ethnic minority  

The Tujia are an ethnic minority in Southwest 
China, known as Bizika living in Wuling Mountainous 
Area. The region features the typical karst topography, 
with elevations of 19-2833 meters and relief amplitude 
between 200-500 meters that covers 58% of the entire 
area and has given rise to a wealth of mountain forest 
resources with animal and plant species1. In the past, 
Tujia ethnic people had a farming livelihood and made 
a stilt housing method in the mountainous topography. 
There is a Tujia and Miao Autonomous Prefecture in 
Hubei Province, where some Tujia ethnic villages still 
keep their original lifestyle and cultivate the Tujia’s 
indigenous construction cultures. The prototype of Tujia 
stilt house was derived from nesting settlements in 
overhead trees, developing into one of the Chinese 
traditional structure categories, Ganlan (pile 
constructions). As the Japanese Anthropologist Nakao 
Sasuke’s theory, there are numerous ethnic minorities 
living in the Lucidophyllous Forest Culture zone of east 
Asia (Fig. 1). They share the common agricultural 
productions, living customs and construction tectonic 
traditions in the similar climatic conditions. The 
inhabitants of this region developed a wooden-framed 
structure which erected the piles lifting the housing 
platform off the ground, referred as stilt house. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Scope of the Lucidophyllous Forest Culture 
zone and location of Qingyang village.  
 
1.2 Salt trade culture  

In late Qing Dynasty (1851), the Taiping Rebellion 
blocked the governmental salt transportation from Huai 
River District to Hunan and Hubei Province, which led 
to the economic movement of "Sichuan salt aid to 
Hubei". From then on, a long salt-trading route 
crossing through the junction of Sichuan and Hubei 
Provinces was regarded as a cultural heritage, the 
Ancient Salt Road. There are many Tujia ethnic village 
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settled along the salt- trading route in the Wuling 
Mountains. This Tujia Ethnic housing form had 
influenced by various trading activities and evolved into 
a distinctive commercial cultural aspect of Tujia ethnic 
stilt house still further. Qingyang village is located at 
the intersection of ancient water and land salt trading 
route in Xuan ’En County of western Hubei (Fig. 1). 
The Liangting Wooden-arcade is a dwelling compound 
shaped like street space in the village which 
encompass 65 local Tujia ethnic stilt houses with 
advanced indigenous wooden crafting techniques. 
 
 
1.3 Topological transformation 
 
Topology theory is a new tendency in the discussion 
about the built form of contemporary architecture 
characterized by the space deformation. Some 
concepts inspire the creation of flexible and nonlinear 
architectures and result in the rethinking of space 
structure. By topological transformation, architectures 
gain a dynamic character well reflecting the infection of 
the surrounding environment and reconstruct the 
spatial form. However, those theorists or architects 
seldom regard the topological transformation as a 
design methodology which has direct impact on space 
like the Euclidean Geometry. Generally, they often 
ignored the topological influence contained in the 
depth of architectural tectonic system and its way of 
thinking construction especially in the traditional 
vernacular architectures. This study of Liangting 
wooden-arcade shows an integrated understanding of 
topological transformation from the architectural 
appearance to the construction techniques. 

The first part of this study introduced the background 
of Tujia ethnic minority and their settlements influenced 
by the commerce historic culture, the Ancient Salt 
Road. Secondly, the Liangting wooden-arcade as a 
representative case study was carried out to conclude 
Tujia ethnic indigenous construction characteristics 
based on the investigation and analysis of the 
integrated wooden tectonic system. In the end, the 
study revealed a self-adaptability mechanism 
contained in the Tujia ethnic construction system and 
showed built forms and function changed among the 
three spatial modes from the perspective of topological 
transformation. Furthermore, it provides an innovative 
conservation solution for traditional wooden heritage to 
regenerate and take vernacular wisdom as a potential 
design methodology of modern architecture. 

 

 
2. LIANGTING WOODEN- ARCADE  

With the boom of salt trade, the Qingyang Village 
as one of the Tujia ethnic settlements along the trading 
route preserved an authentic architectural heritage, 
Liangting Street. It was gradually constructed in late 
Qing Dynasty by generations of those anonymous 
architects (mostly are local inhabitants with 
craftmanship). The literally architecture without 
architects met the need of commercial trading and 
formed a unique village fabric. 
 
 
2.1 The layout of wooden-arcade  

The location of Liangting wooden-arcade is perched 
nearby the mountain slope, facing the river on the other 
side (Fig. 2). For the shortage of plain land, the 
Qingyang Village is consisted of two rows of wooden 
stilt houses about merely 5 meters apart from the north 
and south. Local residents named it after ‘Liangting 
wooden-arcade’ for its figurative features. The ground 
plan of wooden-arcade developed along the linear 
direction around 500 meters and divided into internal 
and external paths inside the width of 25 meters2. 
Meanwhile, the high density, narrow street and small 
houses caused every dwelling clusters keep an interval 
distance from each other for fear of the fire disaster. 
Local inhabitants referred the street-like layout of 
Liangting wooden-arcade as ‘three trunks with twelve 
branches’ vividly2. The ‘house-façade-street’ pattern in 
Qingyang Village could be regarded as a kind of 
vernacular spatial prototype, arcade (a public street 
with covered roof). Unlike the arcades made of cast 
iron in Paris (Walter Benjamin), the Liangting wooden-
arcade is characterized by the integrated use of Tujia 
advanced wooden construction technologies, including 
the column-and-tie framework system, tenon-and-
mortise joints, prefabricated wooden panels, etc.  
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Master plan of Liangting wooden-arcade site. 
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2.2 Column-and-tie framework system 
The principal structure of Tujia ethnic stilt houses is 

column-and-tie framework (Chuandou). It is comprised 
of transverse tie-beams and longitudinal rafters that 
are tied onto post columns by tenon-and-mortise 
technologies, while the roof is constructed via direct 
connections of purlins and columns3. In Liangting 
wooden-arcade, there are two types of frame form 
based on the number of pillars, referred as ‘Five pillars 
with four posts’ and ‘Eight pillars with seven posts’ 
respectively. These pillars in the frame directly support 
the upper floor and roof purlins, and horizontal tie 
beam components are mortised into, or tenon through, 
manifold every repetitive frame units longitudinally to 
form an interlocking row of wooden matrix (Fig. 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The column-and-tie framework system 
 
 
The envelopes of Tujia stilt house are composed of 
wooden wall screens. Every wall screen dimension is 
determined by the distance between pillars and 
beams. Because the pillar span should be built under 
the Tujia constructing rules so that local carpenters 
used to make prefabricated wall panels in advance 
(Fig. 4) by dividing them into several modular planks 
with notches in four side edges for assembling easily. 
Consequently, those wooden planks are prepared in 
modular size to fit perfectly with the assembly. If some 
wooden planks got broken, the dismantlement and 
installation process is really convenient so that many 
craftsmen referred the construction as ‘hanging wall’.                      
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Construction process: frames are set up first, 
then partitions and enclosure gradually5. 
 

All those timber components and units in Tujia 
ethnic stilt houses are attached to each other by the 
tenon-and-mortise techniques. In Tujia ethnic 
traditional construction, the joining method has evolved 
into an extremely elaborate crafting technique. Beams 
can be tied to columns or other timber sills just by 
carved, spliced, or notched firmly at the joining section 
with timber draw pins without any screws and glues. 
By utilizing this Tujia ethnic tenon-an-mortise 
techniques, the timber components joint assemblage 
process features reversible installation and flexible 
notched position. Those joint types can be classified in 
terms of the position and dimensions (Fig. 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: The tenon-and-mortise technique joint used 

in different positions of Tujia ethnic house. 
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2.3 Features of Liangting wooden-arcade  

In the past, the Tujia ethnic stilt houses had a floor 
level height of around 1 meter, and the space under 
the floor was used for keeping livestock or storing 
tools. However, the houses in the Liangting wooden-
arcade were built in a street-shaped site associated to 
salt trading activities. So those houses are seldom 
used only for living function but with typical features of 
trading or relevant serving spaces.  
2.3.1 Overhanging eaves and lighting  

A wooden hilt-shaped component is used to make 
the Tujia ethnic characteristic construction, the 
overhanging beams (Daobaliang, Fig. 6) support the 
outward purlins under the eaves of stilt house. This 
important element bears overhanging eave paved by 
roof tiles and people take this advantage of preventing 
from rain in and providing shade when bargaining in the 
public space between the opposite stores4. For more 
overhanging span of the eaves, Tujia ethnic craftsmen 
even create a double-beams component referred as 
cantilever Beam (Bandengtiao, Fig. 6). Next,  
a connecting roof is constructed by the post-and-tie 
structure. The additional roof and bilateral overhanging 
eaves are well exquisitely arranged to form a covered 
wooden-arcade for the public space in the street.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: The overhanging beam component: 
Bandengtiao 
 

Different from the obscure light conditions in 
common Tujia ethnic dwellings leading an outdoor 
farming livelihood, the Liangting wooden-arcade needs 
more lighting in for the commercial requirements in the 
daytime. In vernacular constructing way, Tujia ethnic 
craftsmen used the construction techniques to bring 
the natural light passing through. The outdoor roof 
renovated the traditional materials and alternately 
covered by transparent glass-tiles and black tiles. 
These two kinds of materials constitute a rhythmic 
lighting texture on the roof. In addition to the upper roof 
lighting feature, the gaps between overlapped eaves 

 
on sides as another sunlight entrance enhance the 
illumination in the wooden-arcade and the linear 
lighting follow the direction of the space leaving a 
strong impression of street spatial orientation (Fig. 7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7: Inner public space of wooden-arcade in daily 
mode. 
 
2.3.2 Flexible hanging walls and shopwindow  

In Tujia ethnic stilt houses, the enveloping wall is 
generally not an important building element. Where 
those wall screens do exist, they are rarely load-
bearing, but may consist rather of prefabricated 
wooden planks attached to the main structure of 
columns and beams which carries the load of the floor 
and roof. From the perspective of function, those 
wooden wall screens with few openings are installed 
for the protection from winter cold and animals’ attacks 
in common Tujia ethnic dwellings.  

Most of houses in the Liangting wooden-arcade, the 
place used as trading place takes precedence over 
mere the place of residence. Whereas, those tightly 
packed wooden planks obstruct the sight view of 
inhabitants and merchants. In Tujia vernacular 
construction techniques, those wooden planks are 
ingeniously shaped, notched, or scooped to form a 
joint entirely without use of metal nails. This flexible 
installation feature makes the wall screen removable 
and can be used as a temporary shopwindow for those 
stores in the Liangting wooden-arcade. In daily time, 
wooden panels are fixed to the structure as the 
enveloping wall for inner living use. While in the Tujia 
market day or other trading fair gathered masses of 
merchants, local inhabitants will take those reversible 
wooden planks off and make the front surface as 
shopwindow opening to the passing people. 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

106

2.3.3 A continuum of timber frameworks  
Liangting wooden-arcade is fulfilled by 65 Tujia 

individual dwellings which are constructed for different 
kinds of additional functions associated with trading 
activities. The Tujia ethnic stilt houses construction 
process is characterized by the increase or deduction 
of frameworks to meet the demands of living area 
change flexibly. Therefore, imaging all the enveloping 
wall screens removed, those houses are arranged 
along the street direction in order under the modular 
frameworks forming a vast timber construction rather 
than amounts of individual small houses.  

In contrast to the other name of Euclidean 
geometry, "rigid geometry", topology is also called 
"resilient geometry"7. The resilient property is the 
basement of spatial deformation, meanwhile the 
manipulation of space remodelling completed through 
Tujia ethnic wooden construction techniques including 
flexible wall screens installation and reversible tenon-
and-mortise joints. Most importantly, the continuum of 
timber frameworks offered an ideal object as the basic 
container for the space topological transformation. 
 
3. TOPOLOGICAL TRANSFORMATION  

Topology is a youngster of the geometry family 
about the spatial discussion. A topological space 
transformation is characterized by the law of 
maintaining the specific spatial property unchanged 
regardless of the deformation of original space8. 
According to the general topology theory, the core of 
general topology theory is to analysis the structure of 
topological space containing different spatial elements 
and analyse the relationship of them.  

In the architecture context, the topology theory 
provides a new point of view for analysis of the 
remodelling of the space and it reveals a self-adaptive 
mechanism based on the construction tectonic system. 
In the case study of Liangting wooden-arcade, a 
deformation of public arcade space maintaining the 
public property of space based on the Tujia ethnic 
tectonic system and wooden material characteristics is 
reflected intuitively. 
 
3.1 The self-adaptivity in Tujia wooden 
tectonic system  

Room is an elementary unit concerned with space 
partition to organize the space layout in the Chinese 
traditional wooden construction system. Whereas in 
the Western world, the form of room followed the 
function and specific rooms matched with different 
functions were determined at the beginning of the 
construction process. By contrast, Tujia ethnic column-
and-tie framework system characterized by the two 
phases in the construction process to form the space. 

  
First of all, rows of wooden frameworks are erected 

to form a homogeneous space matrix consisting of 
columns without any functional intention. And in second 
phase, Enclosure boundaries of the room space, 
referred as wooden wall screens could be inserted 
between the parallels of erected frames. Although 
wooden walls are notched into the frame without any 
load bearing function, they play an important role of 
space division and convert the initial column grid space 
into various specific rooms corresponding to the 
different functions in terms of householder’s needs. As 
those wooden panels are removable components due 
to the reversible tenon-and-mortise jointing techniques, 
proprietors have the freedom to organize the interior 
plan space in their houses. An inherent value in Tujia 
ethnic wooden tectonic system contributing to the 
spatial self-adaptivity. 
 
3.2 Spatial mode alternated between 
dwellings and bazaar 

Adaption of traditional dwelling house to other 
functions, like a public centre or a significant market is 
a difficult task in most of construction conditions. In 
Liangting wooden-arcade, the original public street is 
too narrow to meet the capacity of numerous people in 
the market-day, meanwhile the frontage rooms of 
those houses need more space for commercial use. 
Many variations are introduced via the Tujia 
construction techniques following the topological 
transformation rules in the adaptation of the shortage 
public space to the changing functional usage. 
Through the installation and demolition process of 
remodelling wooden construction, the functional space 
can be switched among three types of modes such as 
daily dwellings, regular retailing stores and a significant 
bazaar.  

In the daily-life mode, the public street covered by 
roof is an isolated space separated from the dwellings 
on both sides. Inner ground floor of Tujia stilt house is 
used for public activities and the private bedding rooms 
are arranged on the upper floor. Except for some fixed 
element such as fireplaces or parts of masonry ground 
sills, the whole ground floor space can be converted 
into an extension part of outdoor space by removing 
the frontage and parts of internal walls/partitions off 
temporally. In the retailing mode, the removed wooden 
panels make the original frontage wall as shopwindow 
and even leave the area for street vendors. Different 
from the iron cast arcade with glass shopwindow in 
Paris, the composition of two modern materials merely 
makes the inner and outdoor space changed from 
separated parts to an ambiguous space by the 
transparency9. In Tujia 
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wooden-arcade, the spatial form is reconstructed in 
essence based on wooden techniques and its outdoor 
street is connected to the inner space, resulted in the 
enlargement of public space contour (Fig. 8). When all 
the ground wooden enclosures were dismantled in the 
dramatic bazaar mode, all of rooms are converted into 
a thorough continuous space for a bazaar full of 
people. Structural timber-frames and timber floors can 
also participate in the flexible Tujia tectonic system in 
necessity. This tectonic system of flexibility can adapt 
to the change of space to the greatest extent and 
realize the topological deformation of space (Fig. 9).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: The bazaar spatial mode: walls and partitions are 
dismantled to form a continuous large space.  

4. CONCLUSION  
About Tujia ethnic stilt houses, most of studies are 

limited to the objective description of architectural 
appearances and the documents of the construction 
process, while lack of a systematic understanding of the 
Tujia architectural tectonic system obstructs the 
sustainable development of those wooden heritage 
adapting to the modern demands. Grounded in the 
characteristics of wooden tectonic system, the study of 
Liangting wooden-arcade reveals how the Tujia column-
and -tie framework system took the advantage of wooden 
construction techniques to obtain the flexibility, 
adaptability, and assemblability. By changing the 
installation position of wooden panels and frames to 
remodel the space form, Tujia ethnic ingenious crafting 
wisdom manipulated the topologic transformation for 
adaptation to variant spatial requirements. It is a highly 
modern understanding of architecture about the space 
and material features reflected by the Tujia ethnic 
traditional construction culture.  

Nowadays, many Tujia ethnic villages are confronting 
dramatic foreign influence as a result of touristic 
developments. Different ways of understanding tourism 
and their impact on traditional vernacular heritage led to 
contradictory conserving approaches: some conservative 
programs keep those wooden heritage staying in original 
condition without any interventions, even causing many 
other villages just manipulate architectural symbols to 
copy the superficial appearance for tourism attraction 
recklessly. While other extreme strategies insert totally 
new architectural identities that may end up the local 
values by importing exotic built forms for current space 
needs. Here the presence of Liangting wooden-arcade is 
a peculiar case to show that there is a potential solution 
which preserving the authentic spatial character integrity 
of traditional wooden heritage as well as equipped with 
the adaptability of public space (partial section of 
Liangting). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 09: The topological transformation of wooden-arcade 
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ABSTRACT: Changes in individual values, lifestyles, and the surrounding environment have meant that vernacular 
architecture can no longer be built and utilised as it had been in the past. The environmentally and culturally 
appropriate qualities of vernacular architecture can potentially offer solutions to current housing challenges. As 
such, it is essential to explore the role of vernacular architecture and identify the requirements to build and sustain 
them in the modern context. This paper introduces our approach to vernacular architecture, combining research 
and practice in cooperation with local communities. The approach was applied to Tanna Island, Vanuatu, to 
revitalise the nimalatan, a dwelling structure native to the island that played a vital role as a cyclone shelter during 
Cyclone Pam in 2015. This approach involved activities such as co-designing and constructing nimalatans with 
improved usability and structural resilience, exploring the purpose of their use as community structures, 
documenting construction knowledge and techniques, creating learning materials, mapping existing timber 
resources, and formulating locally led timber resource management plans. Our experience affirms that vernacular 
architecture has been either discouraged or difficult to sustain owing to complex reasons and that a 
comprehensive approach is required to overcome obstacles. This may be achieved by improving what currently 
exists and incorporating new alternatives. Furthermore, our experience indicates that continuous knowledge 
exchange between the local community and researchers enriches both groups. This exchange also lends itself to 
developing culturally appropriate and scientifically proven solutions, and reinforcing the knowledge of the local 
people, which may lead to positive actions. 

 
KEYWORDS: Nimalatan, Vanuatu, local communities, traditional knowledge, action research 

 

1. INTRODUCTION 
Vernacular architecture is designed to suit the 

natural environment, climatic conditions, and local 
culture. It is built by the community utilising available 
resources and traditional technologies. The 
sustainable qualities and cultural values of vernacular 
architecture have been widely recognised. However, 
the current mainstream approach may not be 
adequate to illustrate the potential means to utilise 
and sustain the vernacular dwellings of ordinary 
people. As Vellinga [1] highlights, the approach to 
sustainable vernacular architecture tends to focus on 
issues of environmental sustainability with an interest 
in its material, technological, and performance 
aspects; there is little consideration of the human 
aspects. Attempts to conserve vernacular buildings 
also have shortcomings. For example, the preservation 
of vernacular buildings in open-air museums treats 
them as artefacts from history, isolated from reality. 
Additionally, a variety of cultural heritage registrations 
are exclusive to a few selected vernacular buildings 
and do not often allow for change [2]. Considering that 
there are countless vernacular buildings worldwide 
and that people use these buildings in their daily lives, 
there is a need to consider the sustainability of 
vernacular architecture to meet local realities. 

Owing to changes in individual values, lifestyles, 
and the surrounding environments, buildings that use 
non-traditional forms and/or materials are now more 
commonly constructed than vernacular buildings. 
Vernacular architecture is often perceived as outdated, 
and its shortcomings are highlighted by the owners of 
such buildings. However, many people also find that 
vernacular architecture is significant to their culture; 
they recognise its appropriateness to the local context 
and are eager to maintain it. In a context where 
vernacular architecture can no longer be built and 
used in the same manner as it had been when it was 
the only housing option, the continued construction 
and use of vernacular buildings should be explored 
while adapting to change. 

Action research, an approach in which researchers 
and local people collaborate to develop practical 
solutions, may be applied to address such challenges 
[3]. Action research leads to new knowledge and to 
new abilities to create knowledge [4]; as such, it is 
expected to contribute to long-term change. However, 
action research has rarely been used in the context of 
vernacular architecture [5]. This paper introduces our 
approach to vernacular architecture, combining 
research and practice in cooperation with local 
communities. We implemented a project titled 
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Advancement of Nimalatan Construction in Tanna 
Island from 2016 to 2018. The approach in this 
project was then applied to revitalise the nimalatan, a 
dwelling structure native to Tanna Island in the 
Republic of Vanuatu (hereafter Vanuatu). The 
nimalatan played a vital role as a cyclone shelter 
during Cyclone Pam in 2015. Our intention with this 
research is not to evaluate the project or present the 
research results; rather, this study examines how such 
an approach may be utilised to create new knowledge 
that may contribute to sustaining vernacular buildings 
within a local setting. In this paper, we first present a 
review of the context and project framework, followed 
by an analysis of the effectiveness of collaborative 
activities. We conclude with a discussion on the 
findings and their implications. 

 
2. STUDY AREA 
2.1 Tanna Island 

Tanna Island is an island in the Tafea province, the 
southernmost of the six provinces in Vanuatu. It is one 
of the most densely populated islands in Vanuatu and 
had a population of 32 280 in 2016, accounting for 
approximately 90% of the provincial population [6]. 
The provincial capital of Isangel and the neighbouring 
town of Lenakel have populations exceeding 1000 
people; however, smaller hamlets of several 
households are scattered throughout the islands. The 
project was implemented in collaboration with four 
neighbouring villages in the Middle Bush area (Fig. 1). 

Agriculture is the foundation of food security and 
the livelihood of people in Tanna Island, where over 
95% of households are engaged in farming activities. 
The growth of the cash economy, better market access, 
tourism development, and the emergence of cash 
needs in recent decades has introduced a socio- 
economic transformation. Local traditions, such as the 
kastom , also remain strong and are observed in the 

lives of the local people. Thus, modern-day Tanna is 
considered a mixture of old and new systems [7]. 

 

 
Figure 1. Map of Vanuatu with location of the project site 

 
2.2 Status of vernacular architecture on Tanna Island 

Nimalatan (Fig. 2), which means house of Tanna
in the local language, takes a characteristic form 
sometimes referred to as anti-cyclonic 
compartments ; it represents one of the most original 

types of Oceanic architecture [8]. The nimalatan has a 
rectangular floor plan and ogival form, and the edge of 
the thatched roof touches the ground, protecting the 
building from wind. Built by the members of the 
community using native plants, the nimalatan is 
mainly used for sleeping and may be found throughout 
the island. 

Most buildings are still constructed using natural 
materials such as local wood, palm leaves, cane, or 
reeds [6]. However, nimaitunga, meaning white-man 
house in the local language, take non-traditional forms 
with natural materials or have been partially built with 
industrial materials such as tin sheets. This has 
replaced the nimalatan and accounts for the majority 
of housing structures in Tanna Island. In recent years, 
some households have constructed more durable 
modern houses  with a concrete floor, concrete block 

wall, and timber frame roof covered by tin sheets. 
Because of a large amount of cash required to 
construct these houses, there are only a small number 
of households that reside in modern houses. 

 

 
Figure 2. Nimalatan used as a sleeping house in a village 
(left) and with temporary protection during the cyclone 

(right) (Credits: Authors) 
2.3 Cyclone Pam 

In March 2015, Tropical Cyclone Pam hit Vanuatu 
and caused devastation across the country affecting 
approximately 166 000 people; this equates to more 
than half the population in the country [9]. Tanna 
Island was one of the severely damaged islands, and as 
much as 80% of housing was reported to have been 
totally destroyed [10]. Despite extensive damage to 
local housing, a field survey revealed that nimalatans 
withstood damage during the cyclone and provided a 
safe haven for people [11]. According to the local 
community, they installed protective covers on the 
gable side (Fig. 2), and as many as 30 people were able 
to stay in one nimalatan. Adult males held onto the 
ridgepole to keep the roof from blowing off [12]. The 
experience during the cyclone demonstrates that 
nimalatans play an essential role in providing shelter 
for villages in present-day Tanna Island. 

 
2.4 Revitalising vernacular architecture: a concept 

Communities in the South Pacific have 
accumulated extensive knowledge and experience 
throughout history to deal with natural disasters that 
strike regularly; as such, they have developed a way of 
life to cope with such adversity [13]. The nimalatan is 
an example of such adaptation. These structures were 
built using locally available resources and are a 
sustainable disaster prevention measure in line with 
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local culture and climate. The local community 
experience with Cyclone Pam affirms that it is 
beneficial to find a way to maintain nimalatans in 
villages to prepare for possible cyclones in the future. 
Observations and communication with locals during 
the aftermath of the cyclone gave rise to the idea of 
mobilising local and scientific knowledge to improve 
nimalatans by ensuring their cyclone-resistant 
features, addressing their shortcomings, and creating 
an environment for sustainable construction. 

 
3. A PROJECT OVERVIEW ON THE ADVANCEMENT OF 
NIMALATAN CONSTRUCTION ON TANNA ISLAND 
3.1 Project outline 

A two year project titled the Advancement of 
Vernacular Building on Tanna Island  was led by Kyoto 
University project team1 and implemented as a Japan 
International Cooperation Agency (JICA) Grassroots 
Technical Cooperation initiative from September 2016 
to September 2018. The project aim was to create an 
environment that enabled targeted communities in 
the Middle Bush area of Tanna Island to sustainably 
construct advanced nimalatans that were more 
cyclone resistant, usable, and durable than the original 
design. This was to be achieved through the 
advancement of vernacular construction technology, 
capacity building of community members, and 
sustainable timber resource management. Fig. 3 
presents the key activities associated with identifying 
and analysing issues, planning, and taking action. 

 

 
Figure 3. Framework of action 

 
3.2 Formation of project team 

This project was feasible due to the collaborative 
efforts of researchers and the local community. The 
project engaged a group of researchers from Kyoto 

University from different disciplines, including 
engineering, architecture, rural development, and 
natural resource management. In addition, members 
from four neighbouring villages (Lauanarei, Launaula, 
Lenatuan, and Lohkahmal) in the Middle Bush area 
were engaged in the project. The Lume Rural Training 
Center (currently named NAMAS Training Center, 
hereafter referred to as RTC) was considered the focal 
point, and a representative and two instructors, also 
from the four neighbouring villages, were appointed as 
the local coordinators. Five members from each village 
were locally elected as core project members. These 
members included both men and women; both the 
elderly and the youth were represented among these 
members. The project received support from the 
Ministry of Education and Training and the Tafea 
provincial government. 

The project activities were implemented in Japan 
and Vanuatu. During project implementation, one 
member from Kyoto University was stationed in Tanna 
Island as a project coordinator to facilitate local 
activities and communication among members from 
both sides. Other members conducted activities in 
Japan and travelled to participate in local activities as 
needed. In addition, three local coordinators and two 
government officials were invited to Japan as part of 
the capacity-building efforts. 

 
4. ANALYSIS OF THE PROJECT ACTIVITIES AND 
OUTCOMES 
4.1 Finding practical solutions to improve vernacular 
construction 

The project was initiated through a workshop along 
with day-to-day communication of shared concerns 
and the identification of the shortcomings of existing 
nimalatans as cyclone shelters and as structures for 
daily use. Based on the Cyclone Pam experience, there 
were a number of areas highlighted for improvement; 
this included the importance of ensuring safer and 
stronger construction and usability during evacuation 
(e.g., discomfort of a water-soaked earthen floor and 
lack of access to a lavatory). It was also noted that the 
darkness and smokiness when using a fire were 
unfavourable for daily use. In addition, there were 
concerns regarding the durability of existing 
nimalatans and the limited availability of specific tree 
species. 

Considering the role of a nimalatan as a cyclone 
shelter, a group of researchers specialising in wind 
engineering conducted a quantitative evaluation of 
the wind-resistance performance of the nimalatan and 
nimaitunga. They used a series of wind tunnel tests at 
the Disaster Prevention Research Institute, Kyoto 
University, and on-site material testing of connections 
and pull-up experiments with the participation of local 

 
 

1 The second author is Principal Investigator, and the first and third 
authors are project members 
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people (Fig. 4). Based on these experiments, the 
relationship between the failure stage and the 
performance of a roof, post, and connections of 
different types of buildings were analysed. It was 
concluded that the properly constructed nimalatan is 
much more wind resistant than nimaitunga, being able 
to resist sustained winds of up to 50 m/s [15]. The 
results of the evaluation and the concept of wind- 
resistant design were shared by the RTC instructors at 
workshops. 

 

  
Figure 4. On-site pull-up experiment (left) and a workshop 

at the Rural Training Center (right) (Credits: Authors) 

The local needs, scientific findings, and ideas from 
researchers and community members gave rise to 
possible solutions for the nimalatan. This included 
modifications to the structural and non-structural 
design, the introduction of new technologies, and the 
appropriate selection of building materials (Table 1). 
Scientific knowledge combined with local realities 
produced a nimalatan design that was structurally 
reinforced, more comfortable, accommodated local 
needs, and contributed to rapid recovery from cyclone 
disasters. 
Table 1. Challenges of existing nimalatans and proposed 

solutions (revised from [14]) 

cooperation with local coordinators and core 
members (Fig. 5). The project coordinator and a 
student from Kyoto University were engaged in day- 
to-day activities and the details of these activities were 
documented. Other community members participated 
in labour-intensive activities, such as the preparation 
of thatching materials. 

Once construction materials from the surrounding 
forest were obtained, the construction of a full-scale 
prototype was initiated. Led by several core members 
that were highly experienced in vernacular 
construction, suitable plant species of an appropriate 
size and form were carefully selected and prepared. 
The construction proceeded by utilising the best of 
local knowledge, skills, and techniques while 
discussing how the ideas for modification would be 
incorporated. This hands-on experience provided an 
avenue to acquire knowledge for the advancement of 
vernacular construction and to exchange knowledge 
and skills among community members; the latter was 
possible as nimalatans are traditionally constructed by 
family members and close relatives. 

The observation and documentation throughout 
the process confirmed that local knowledge and skills 
associated with nimalatan construction remained 
valid. At each stage of construction, the locals 
demonstrated knowledge and skills; for example, how 
to treat timber with fire to prevent deterioration, how 
to make binding materials from different plant species, 
how to construct walls, or how to cover the ridgepole 
to avoid water intrusion (Fig. 6). The information 
obtained through this process, along with ideas for 
advancement and the scientific basis, was used to 
develop a construction manual designed to be used at 
the RTC (Fig. 7). Recognising that it is impossible to 
understand all traditional knowledge, and that 
knowledge is essentially transmitted through 
experience, visualising knowledge that has not been 
documented may be useful in seeking new ways of 
knowledge sharing in the future. 

 

  

 

 
Figure 5. Completed prototype nimalatan (left) and its 
interior with an elevated floor (right) (Credits: Authors) Top left: Preparation of posts, Top right: Making binding ropes from napil (Flagellaria 

indica), Bottom left: Installation of wall with three layers of nuin (Miscanthus spp.), 

4.2 Sharing knowledge through prototype 
construction 

The project involved the construction of an 
advanced nimalatan prototype at the RTC in 

Bottom right: covering ridgepole with three layers of nimanalua (Cominsia gigantea) 
Figure 6. Examples of local knowledge, skills, and techniques 

(Credits: Authors) 
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Figure 7. Sample content of the construction manual [14] 

 
4.3 Exploring future actions to sustain vernacular 
construction 

After construction of the prototype of the 
advanced nimalatan was completed, a workshop was 
held to share the concept of the advancement of 
vernacular construction technology and discuss future 
actions. Whether a family chooses to build a nimalatan 
depends on their individual preference; community 
members agreed that there is a need to explore new 
purposes of use to maintain nimalatans in each village. 
During the workshop, several ideas were proposed for 
the communal use of the nimalatan; as a men’s centre 
as a part of nakamal (traditional men’s meeting place), 
a women’s training centre, a guest house, a shop to 
sell local products, a natural resource management 
centre for education and nurturing trees, and as 
houses for the elderly and disabled. At the end of the 
project, new nimalatans were constructed in three of 
four villages and each village agreed that it would be 
used as a natural resource management centre, 
women’s centre, and a place for meetings. 

In addition, project members established the 
Southern Traditional Green Nima Association (STGNA) 
to promote the construction of improved nimalatans. 
Through word of mouth, people from different parts 
of the island came to see the prototype nimalatan and 
requested aid to construct these in their villages. It was 
also reported that some nimalatans were constructed 
with the help of those trained in this project in other 
villages following the completion of the project. 

 
4.4 Sharing the value of tradition 

This project included two visits to Japan by core 
members. The purpose of these visits was to allow 
participants to observe scientific experiments that 
could not be locally conducted, to introduce 
participants to the maintenance of traditional 
architecture in Japan, and to introduce them to wood 
construction techniques that may be applied to the 
nimalatan. According to interviews with participants 
after project completion, participants were most 
impressed by the sharing of traditions with the next 
generation in Japan. As traditions are highly valued on 
Tanna Island, participants were able to empathise with 
this experience, leading to active involvement in 
project activities and motivation to take positive 
action in sustaining their vernacular construction. 

4.5 Identifying availability of timber resources 
Although it was generally recognised that timber 

resources were no longer in abundance, the reality of 
timber resources was not known. First, tree species to 
be used for the respective structural components of 
the nimalatan and the priorities of selecting tree 
species were identified (Table 2). As shown, namal is 
considered to be very durable and highly 
recommended, and namilo and nakuka are possible 
substitutes for namal. Nuo is used when namal, namilo, 
and nakuka are unavailable. 

A survey was conducted in Lauyavin, one of the 
three settlements in Launaula, using the transect 
method. In this survey, eight tree species were 
identified by the local people within 5 m on either side 
of the transect lines, the locations of these trees were 
plotted, and the diameter at breast height was 
measured by the researcher (Fig. 8, Table 3). The 
results indicated that the number of namal and namilo 
trees, especially suitable as main structural materials, 
was limited; this is despite the fact that they have been 
intentionally retained. Although the survey was 
conducted in a limited area, it is highly likely that this 
situation is similar in other villages. 

Table 2. Sample content of the construction manual 
Tree species 

Structural components 

King post Main post Ridgepole Purlin Rafter 

Namal (Acacia spirorbis)    
Namilo (Glachidion namilo)    
Nakuka (Bischofia javanica)    
Nuo (Hibiscus tiliaceus)    
Nafa (Aphitonia zizyphoides)   
Kaulaul (Melicope latifolia)   
Naula (Macarango dioica)   
Naknao (Acalypha grandis)   

: highly recommended, : recommended, : Alterative in case others are not available 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Eight listed trees plotted on a map 

Table 3. Number of tree species plotted along with 
diameter (created based on [16]) 

 
4.6 Action for timber resource management 

The results of the survey were shared with the 
community members at a workshop and seedlings 
were obtained from the forest in North Tanna to begin 
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planting and nurturing these species near the natural 
resource management centre (which utilised the 
communally built nimalatan) (Fig. 9). In all four villages, 
the chief assigned a person to be responsible for the 
timber resource management of the village. 

 

  
Figure 8. Tree planting and nurturing(Credits: Authors) 

4. CONCLUSION 
The sustainable qualities and cultural values of 

vernacular architecture are widely recognised. 
However, current mainstream approaches to research 
and practice have a limited scope and are inadequate. 
While the current context in which vernacular 
architecture exists is very different from the past, a 
new strategy is required to sustain this form of 
architecture by finding solutions that fit current local 
needs and circumstances. 

We applied an approach that combined research 
and practice in collaboration with the local community 
to revitalise the nimalatan; a dwelling structure native 
to Tanna Island of Vanuatu that played a vital role as a 
cyclone shelter during Cyclone Pam in 2015. Our 
experience affirms that vernacular architecture is 
either discouraged or difficult to sustain for a complex 
variety of reason, and a comprehensive approach is 
required to tackle obstacles. This approach should 
seek to improve what is already present and 
incorporate new alternatives. These findings also 
demonstrate that collaborative projects, result in 
finding practical solutions which are culturally 
appropriate and scientifically proven. 

These practical activities include prototype 
construction and helping to visualise knowledge that 
strengthens knowledge sharing among local 
community members, and between the local 
community and researchers and may be useful in 
establishing new methods of knowledge transmission 
in the future. Sharing common values is key to 
promoting collaboration. Continuous knowledge 
exchange stimulates the local people and researchers, 
and results in reinforcing local people’s knowledge, 
which may lead to positive actions. 

The local reality is complex, and the issues 
addressed in this study are limited. For future research 
on the site, there is a need to consider other aspects 
such as the long-term durability of the structure, the 
principle of housing choice, and sustainability of local 
initiatives. Although this approach is considered to be 
effective, we need to conceptualise the approach such 
that it is applicable in other locations in the future. 
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ABSTRACT: The impact of available building materials on the well-being of humans has become more and more 
important in recent years due to the continuing increase of building-related illnesses. Material evaluation results 
prepared by the Institute of Building Biology+Sustainability show that earthen building material is a valuable 
alternative to commonly used artificial materials due to its effects on human and environmental health. 
However, the continuing usage of synthetic ingredients for modern soil improvement and stabilization methods 
results in the loss of valuable natural earthen building material characteristics. Remarkably, ancient stabilization 
approaches are considered nowadays only rarely despite studies on antique earthen building materials, which 
have demonstrated that people were not only aware of the local soil types but also knew different stabilisation 
practices by using natural additives for distinct building elements. To present evidence on the topic, a case study 
based on sample analysis of earthen building materials from ancient Daskyleion together with a second set of 
samples from modern Ergili as a comparison has been prepared for this conference paper. The present study 
shows how the analysis of ancient earthen material recipes can contribute to our understanding of antique 
adobe building techniques and historic local earthen architecture. Moreover, it indicates how the research on 
past customs could also lead to an improvement of modern soil stabilization methods. In particular, the 
discovery of flax tow reinforcement in soil samples from ancient Daskyleion highlights the potential of ancient 
knowledge. In conclusion, the present study proposes a documentation for mapping the earthen building 
material ingredients from the ancient sites. 

 
KEYWORDS: Earthen Building Material, Soil Stabilization, Ancient Earthen Samples, Earthen Material Analysis 

 
 
1. INTRODUCTION  

Building materials, among other sources of indoor 
air polluters, play a significant role for human comfort 
and health. 
and Sezer about the relation between building 
materials and human health evaluated the results of 
46 related studies. Their conclusion underlines the 
impact of materials on the residents’ health [1]. 
Among the illnesses caused by pollutants derived 
from harmful materials, they listed the following: 
chronic lung disease, cancer, blood and bone marrow 
disorders, respiratory system diseases, infections, 
allergies and psychological problems. According to 
the American Environmental Protection Agency’s 
data, Sick Building Syndrome is ranked fourth among 
the top ten health problems that need to be tackled 
[2]. Despite this, today about 1,500 new synthetic 
chemicals are introduced every year into the 
marketplace without any research attempts to study 
their effects on human and environmental health [3].  

Building Biology, which is a sub-branch of Building 
Science, is mainly concerned with human and 
environmental health matters related to construction. 
Further, the Institute of Building Biology+Sustainability 
(IBN) dedicates importance to problems related to 
Indoor Air Quality (IAQ) and the materials used in built 

 
 
environments. The reason for setting standards based 
on material evaluation studies done by the IBN is the 
rise in illnesses caused by building materials as 
mentioned above [4, 5]. Since 1983, the institute carries 
out important studies for the development of Building 
Biology Science through developed standards, guiding 
principles and material evaluations [6]. IBN defines 15 
assessment criteria for the material evaluation process 
that lead to a score range from 0 to 3, indicating the 
degree of ecological and health protection as a value in 
building material. The assessment criteria include 
natural building materials, thermal properties, moisture 
behaviour, water vapour diffusion, toxins, odour, 
electrobiology, radioactivity, environmental issues, 
energy use, fire behaviour, airborne sound insulation, 
impact sound insulation, long-term sustainability, 
price/performance ratio. The IBN’s material evaluation 
results show that earthen building material is the most 
compatible building material with human and 
environmental health. Clay products score at 2.6, which 
is the highest among building materials considered in 
the study. According to IBN’s research, earth constitutes 
an irreplaceable building material for the protection of 
human and environmental health [6, 7, 8]. 
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2. IMPROVEMENT-STABILIZATION TECHNIQUES 

Improvement and stabilization are operations  
performed to give the soil the qualities required for 
using it in structures and to make it stable [14]. In 
recent years, academic studies have been carried out 
to improve soil properties. Experimental stabilization 
research studies for strengthening the weak 
compressive strength and water resistance of the 
earthen construction materials was summarized by 
the author in 2019. This research on past experiments 
carried out from the ‘60s till today to improve the 
properties of soil by stabilizing the earthen 
construction material has shown that the general use 
of synthetic additives causes the soil material to lose 
its valuable properties that are also valued highly by 
IBN [7]. Martin Rauch criticises this fact by declaring 
that many examples of rammed earth or adobe earth 
block projects have been stabilised either with 
cement, lime, bitumen or other chemicals. In his 
opinion, it is essential not to contaminate earthen 
material with additives such as cement or other 
chemicals [9].  

Surprisingly, natural ingredients of ancient 
techniques have rarely been taken into account when 
it comes to stabilization methods for soil. The usage 
of earthen building material in Anatolia dates back to 
ancient times. The differences in earthen material 
production and application techniques in different 
periods and regions in Anatolia are the result of the 
diversity of soil types and local stabilisation methods. 
Therefore, as this study tries to show, forgotten old 
recipes can be stimulating for modern studies, as 
people in ancient times were able to recognize soil 
types and use appropriate natural materials as 
additives for stabilization techniques, which had no 
harmful impact on the IAQ. 
 
3. FROM ARCHAEOLOGICAL SITE TO LABORATORY 

Ancient written sources provide only limited  
information about the techniques of earthen 
construction. More detailed information about the 
production and application derives from studies on 
the material culture that emerged through 
archaeological excavations. Although macro studies 
on earthen material collected from archaeological 
excavations could be important in terms of forming a 
basis for micro studies, it is not possible to gather 
precise information. For this reason, the micro-level 
examinations that need to be done should be 
conducted in the material laboratories.  

In 2019, the author of the present study collected 
and evaluated the micro-level research results of the 
earthen building materials belonging to ancient 
settlements of Turkey. Even though the tradition of 
building with earth dates back to the Aceramic Neolithic 
Period in Anatolia, material research done on 

 
a micro-level has been identified only for eight ancient 
settlements, including  

Höyük, Ulucak Höyük and Yumuktepe [4, 10]. Besides, 
soil building samples taken from the ancient settlements 
of Küllüoba and Daskyleion were examined on a micro 
level and contributed to a table prepared for the 
documentation and evaluation of the improvement and 
stabilization methods [4]. Among the soil building 
samples examined in the study mentioned above 
especially the samples taken from the fortification wall 
of Daskyleion turned out to be interesting in terms of 
mechanical-physical properties and material ingredients 
[4]. Given its potential to shed light on modern soil 
material research, the Daskyleion case will be presented 
in this study together with a comparison of modern local 
earthen building material samples taken from nearby 
Ergili, which will highlight the importance of 
documenting ancient building material and techniques. 
 
 
4. DASKYLEION AND MODERN ERGILI  

Daskyleion, an Iron Age settlement, located within 
the borders of Ergili in the  of the 
province , occupies a place near the southeast 
corner of lake Manyas [11]. As the seat of the Persian 
Satrap (local governor), it was an important centre 
during the Archaic and Classical period but 
archaeological results indicate that it was occupied 
already by Phrygian and Lydian groups before and even 
later from the Hellenistic to the Byzantine period  
[12]. 
southern Marmara region gained in importance due to 
migrations from the Aegean World and the Balkans 
resulting in a cosmopolitan settlement. Daskyleion is an 
ancient settlement that is understood to reflect the 
cultural richness and technological development of the 
Iron Age Period [12].  

Modern Ergili on the contrary, is a small village 
with one coffeehouse and a shop at its centre, which 
does not offer a high quality of life, a situation already 
described by Bekan in 1949, one of the few written 
sources that mentions the village [13]. When the 
village was visited in 2019, it still resembled the 
description provided by Bekan. Like in many 
geographical regions, also in Ergili, the demise of 
mudbrick buildings and the widespread transition to 
concrete structures was observed in 2019 [14]. 
 
4.1. Analysis  

In order to know the excavation area and study the 
soil material in detail, the excavation site was visited and 
the samples were collected personally. The selected 
material was brought to the laboratory after the 
necessary permissions were obtained from the 

provided by the building materials laboratory of the 
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Faculty of Architecture at Istanbul Technical 
University (ITU) for visual analysis, simple chemistry 
analysis, physical-mechanical property tests. Further 
support came from Fatih Sultan Mehmet Foundation 
University’s KURAM laboratory for the advanced 
technical analysis [7, 15].  

The sample numbers of the soil building materials 
taken from the ancient city of Daskyleion, their 
structural function and sampling period is shown in 
Table 1. The samples were chosen taking into 
consideration different periods and structural uses to 
identify changes within the same ancient city. 
 
Table 1: Numbers, structural functions and sampling periods 
of the Daskyleion soil building material samples [7] together 
with the samples from Ergili. 
 

Sample Structural 
Sampling period no. function  

19 Brick Phrygian Period (8th- 
7th Century B.C.)   

20 Brick Hellenistic Period 
 Brick with thick  

21 plaster and thin Early 4th Century B.C. 
 plaster  

22 Brick 5th Century B.C. 

23 Yellow plaster Late 6th-5th Century 
B.C.   

24 Brick with mortar 530 B.C. 
25 Brick 620-600/590 B.C. 
26 Brick Middle Age 
27 Brick 6th Century B.C. 
28 Brick Early 4th Century B.C. 
29 Brick Hellenistic Period 
30 Plaster Modern Ergili 
31 Brick Modern Ergili 
32 Brick Modern Ergili 
33 Plaster Modern Ergili 

34 Soil Phrygian Period (8th- 
7th Century B.C.)   

35 Soil Phrygian Period (8th- 
7th Century B.C.)   

 
As listed in Table 1, also four soil building material 

samples have been taken from modern Ergili during 
the research visit. Figure 1 shows the location from 
where the ancient soil samples have been taken from 
Daskyleion.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Location of ancient soil material samples taken 
from Daskyleion [7].   

As a result of the research completed in 2019, 
sample no.24 has been identified as one example 
with interesting physical-mechanical property results 
containing additives used for stabilization [7]. Sample 
no.24 is an earthen block that comes from the 
fortification wall 1 . Figure 2 shows the location of 
sample no.24.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: In-situ picture of sample no.24 (Kurtul Vacek, 
2019) [7].  

To determine the content and properties of the soil 
material samples taken from archaeological areas, visual 
analysis, simple chemistry analysis, soluble salt, protein, 
oil and organic matter determinations 2 , physical-
mechanical property tests, thin section, XRD-XRF 
analyses were carried out in the laboratory [7, 15]. 
Below some representative thin sections are shown 
from Daskyleion soil material analysis. The images seen 
in Figure 3 to 5 derive all from sample no.24. 

 
 
 
 
 
 
 
 
 
 
1 The visual analysis and simple chemistry analysis 
performed on block n.24 and the mortar on it revealed the 

 
 
 
 
 
 
 
 
 
 
same characteristics. In the case of no.24 the advanced 
technical analysis was limited to the brick part of the sample. 
2 Protein and fat determinations. 
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Figure 3: Image of sample no.24 [7,15].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: Petrographic Analysis-Stereo microscope overall 
tissue image [7, 15].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Petrographic Analysis-Polarizing microscope image 
[7, 15].  

The samples taken from the modern Ergili belong to 
two different abandoned dwellings. The location of 
sample no.30 and sample no.31 are shown in Figure 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: In-situ picture of sample no.30 and sample no.31 
at Ergili (Kurtul Vacek, 2019).   

In the case of the samples taken from modern 
Ergili, visual and simple chemical analysis was enough 
for the identification of the sample’s additives. Figure 
7 and 8 show the images of samples from the visual 
identification at ITU Faculty of Architecture building 
materials laboratory.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Image of sample no.30 (Kurtul Vacek, 2019).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Image of sample no.31 (Kurtul Vacek, 2019). 
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4.2. EVALUATION AND COMPARISON  
Thirteen soil material samples were taken from the 

archaeological site of Daskyleion. Among these 
examples, samples named with the codes sample no.34 
and sample no.35 are soil samples. These soil samples 
were made of montmorillonite and illite clay types. 
Further, little lime/limestone and charcoal have been 
identified. Generally, the contents of the soil-based 
building materials have been determined as follows: 
charcoal chips, limestone chips, baked clay chips and 
vegetable fibres. According to simple chemical analysis, 

samples  the soil samples. This shows 
that lime was added intentionally to soil used for 
building materials. Besides, the analysis showed that the 
charcoal additive came from the local soil and this rich 
soil mixture was chosen deliberately by the ancient local 
builders of Daskyleion to be used in soil building material 
production. Unlike the other samples, plaster samples 
contain plenty of lime and vegetable fibre, shells and 
fine sand. Research conducted by Kurtul Vacek in 2019, 
shows that the Daskyleion samples were generally more 
resistant to water than Küllüoba samples. Densities of 
soil-based materials from Daskyleion turned out to be 
between 2.30 g/cm3 and 2.48 g/cm3. The water 
absorption rate of the samples was 30% on average, the 
porosity ratio was 47% and the unit volume mass value 
was found to be 1.37 g/cm3 on average. The results of 
the advanced analysis performed in the KURAM 
Laboratories demonstrate that the flax tow in samples 
no.21, 24 and 28 from Daskyleion was determined as an 
additive. According to the results of the uniaxial 
compressive strength test conducted in ITU materials 
laboratory, the Daskyleion samples had higher values 
than the Küllüoba samples. According to the 
experimental results, the additive in the soil block of 
sample no.24 from Daskyleion, which was determined as 
the strongest example, is flax tow. As sample no.24 is 
the strongest sample with a compressive strength of 1.7 
N/mm², the suitability of flax tow for the improvement-
stabilization technique seems to be proven and might be 
the reason why it was applied in blocks used in the 
ancient fortification wall [7, 15, 16]. 
 
 

For this study, the modern Ergili samples are 
examined for the first time and compared with the 
research results from Daskyleion from 2019. In total, 
four samples were taken from the modern village due 
to the similar characteristics of the soil building 
materials used in the dwellings. Visual and simple  

 
chemical analysis showed that the modern builders 
chose the rich local brown soil like their ancient 
ancestors. Samples no.31 and no.32 from Ergili were 
prepared as adobe bricks mixed with straw as an 
additive. It has been noted that plaster samples n.30 
and n.33, contain more and finer straw than the 
bricks. In both, the block and the plaster, apart from 
soil and straw, no other stabilization additives similar 
to the ones used in Daskyleion such as lime, shell, fine 
sand etc. has been found. Compressive strength for 
block sample no.31 from Ergili resulted as 1.1 N/mm² 
and no.32 as 1 N/mm², which are lower values than 
Daskyleion sample no.24 has performed. At this 
point, any other technical analysis was not considered 
necessary for the modern samples.  

The written source compiled by Bekan in 1949, 
noticed the same characteristics of soil building material 
used in Ergili. According to Bekan the villagers generally 
worked on the construction of their houses themselves. 
The size of the adobe used in the wall is 30x10x15. 
Bekan observed that the mortar is the same used in the 
foundation and is limited to simple mud. He also states 
that due to the dissimilarity of the mudbricks more than 
2-3 cm of mortar was used. He noted his observations 
on plaster in his book as well. The plaster, applied on the 
walls was made of slightly finer sifted mudbrick soil and 
very fine straw was added in large quantities [13]. 
 

The research on the soil materia24l samples of 
the ancient city of Daskyleion and comparison with 
Ergili samples showed that ancient local people knew 
the soil, its as well as its disadvantages and 
used improvement-stabilization techniques 
accordingly. In particular, the use of flax fibre as an 
additive in the blocks prepared for the construction 
of the fortification walls in Daskyleion, long before 
the contribution of flax fibre as an important 
composite material component has been discussed in 
academic studies 3 shows that the old knowledge has 
the potential to shed light on the sustainability of 
modern soil material research [7, 16]. 
 
5. CONCLUSION  

In line with the data of the Material Assessment 
Table prepared by IBN, the soil, which is considered 
to be the most desirable material in terms of human 
and environmental health, needs improvement and 
stabilization methods to gain the quality of building 
material. This study showed that the ancient soil 
recipes found in Anatolia may help to replace the 

 
 
3 See e.g. Garkhail et al. (2000) who created a composite 
composition using flax fibres and propylene (PP). Hardness, 
tensile and Charpy impact tests were applied to the prepared 
composite samples. By examining the values obtained from the 
experiments, they concluded that composites reinforced by 
natural fibre are attractive for low-cost engineering 

 
 
applications. Researches state that flax fibre can compete 
with glass fibre, especially when high hardness per mm2 is 
desired [17]. According to the IBN ng Materials 
Table, glass wool should be evaluated with 1.2 points while 
linen gets 2.3 points, which has a higher value in ecological 
and health protection as building material [7]. 
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synthetic modern additives usually considered in 
academic studies for stabilization of the soil.  

One result of the research on the soil material 
samples of the ancient city of Daskyleion showed that 
in ancient times local people knew the soil and its 
benefits and disadvantages and used improvement-
stabilization techniques accordingly. After analysing 
samples from Ergili, it became clear that modern 
building material differs considerably from ancient 
ones and the builders from Ergili did not possess the 
same level of technical expertise as their ancient 
builders indicating an interruption in the transfer of 
knowledge.  

At the conclusion part of this study, the creation 
of a database for the documentation of the ancient 
earthen building material ingredients is being 
proposed. The database can be prepared for the 
earthen building materials, which belong to the 
earthen architectural sites of the World Heritage List. 
The suggested database should include the name of 
the ancient settlement, its geographic location, the 
sampling period of the material, its structural 
function in the dwelling and the soil contents, which 
should be divided into two parts: soil mineralogy and 
additives. The structure of the proposed 
documentation would prevent the loss of this crucial 
past knowledge for future generations and ensure its 
dissemination among local earthen architecture 
builders. Furthermore, a database of earthen building 
material recipes would contribute to the current 
research on modern sustainable soil-based building 
materials. Finally, the revitalization of local earthen 
construction techniques would prevent the ultimate 
abandonment of sustainable earthen building 
materials and would shift the focus back on a 
vernacular architectural identity, as well as on a 
healthy living environment for the future. 
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ABSTRACT: The European Union has a low-carbon roadmap that aims at reducing greenhouse gas emissions to 
prevent further climate change and achieve climate-neutrality by 2050. Many of the historical buildings that we 
have today will still be around in 2050. Hence, there is a need to improve their energy performance. A way to do 
this is to use hemp-lime as a material for renovation. Hemp shiv, the woody core parts of the hemp stem, can be 
used in combination with building limes to create a sustainable building material. Visby (a UNESCO World Heritage 
Site) is the capital of the Swedish island Gotland. It is dominated by historical timber houses with post-and-plank 
walls. To improve air tightness and to reduce fire risks these timber houses were historically rendered with a thick 
lime render.  
The aim of this paper was to study moisture levels in two walls; one with a lime render and another with a hemp-
lime render to determine the feasibility of using hemp-lime as an insulation material for retrofitting historic post-
and-plank walls. Two full-scale façades were constructed at Lund University, with a post-and-plank wall with a 
thick lime render and a similar wall with a hemp-lime render. The façades had two different surface finishes: an 
air lime and a natural hydraulic lime, allowing for a comparison between the two. Moisture levels inside the 
façades were monitored for more than one year.  
 
KEYWORDS: Hemp-lime, Thermal insulation, Retrofitting, Moisture content, Cultural heritage 
 
 

1. INTRODUCTION  
The European Union has a low-carbon roadmap that 
aims at drastically reducing our greenhouse gas 
emissions to prevent further climate change. By 2050, 
greenhouse gas emissions from buildings should be 
reduced to 80-95 % below 1990 levels [1]. Many of the 
historical buildings that we have today will still be 
around in 2050. Also, these buildings are often poorly 
insulated and require a lot of energy for heating. As a 
result, there is a need to renovate historical buildings 
and to improve their energy performance. A way to do 
this is to use hemp-lime as a building material for 
renovation.  

Building with hemp was first introduced in France 
in the 1990s when trying to make concrete more 
lightweight [2]. It was then found that using hemp shiv, 
the woody core part of the hemp stem, in combination 
with building limes created a new building material 
with favourable material properties. Hemp shiv is the 
waste material of hemp fibre and seed production. 
Hemp fibres, situated on the outside of the hemp 
stem, can be used for paper, rope, textiles and bio 
composites. Hemp seeds on the other hand can be 
pressed into oil. After using its fibres and seeds, what 
is left is the hemp shiv that in combination with 
building limes can create a durable and sustainable 
building material that is suitable for new-builds as well 
as renovations. The technique of using building 
materials made of bio-based fibres in combination 

with a binder such as lime or clay has often been used 
in Sweden since at least the 18th century, in different 
building techniques and for different reasons [3]–[10]. 

Gotland is a Swedish island situated in the middle 
of the Baltic Sea. Its capital is the Hanseatic town of 
Visby with approximately 24,000 inhabitants [11]. The 
centre of Visby, encircled by a medieval wall and 
containing unique historical houses became a UNESCO 
World Heritage Site in 1995. It is dominated by 
historical timber houses called bole houses [12]. To 
improve air tightness and to reduce fire risks these 
timber houses were traditionally rendered with a thick 
lime render, often in combination with wooden slats 
to support the lime render. When re-rendering in a 
renovation project the added render must also 
contribute to both comfort and fire protection [5]. 

Nowadays, when these historical timber houses 
are renovated, the wooden slats and lime render are 
usually removed and replaced by mineral wool or 
polystyrene insulation. On the outside of the modern 
insulation materials a thin render is applied, normally 
made from lime-cement or organic rendering 
materials instead of a local Gotlandic air lime render. 
An advantage of this renovation method is the 
improved energy efficiency. A disadvantage however 
is that the moisture performance of the wall 
deteriorates which makes the walls more vulnerable 
to condensation problems. This can lead to moisture 
damage. Damage to historical buildings caused by 
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moisture and mould has risen in recent years, partly as 
a result of increased use of diffusion-tight thermal 
insulation materials. Hemp-lime, as opposed to 
mineral wool and polystyrene, is a diffusion-open 
material, that is reminiscent of the original lime 
render. Preservation of listed buildings in the historic 
town centre of Visby is subject to strict building 
regulations that apply when planning even minor 
renovation work [13]. These building regulations state, 
for example, that that the building materials used for 
renovation work are required to be equivalent to the 
original materials – for renders and lime wash that is 
traditional Gotlandic fat lime, which is still in 
production [14]. However, there are cases when more 
modern insulation materials such as mineral wool and 
polystyrene have been approved as insulation 
materials  [5], often leading to a deterioration of 
historical detailing as well as an impairment of building 
physics properties. To avoid moisture problems inside 
a construction a rule of thumb is that it should be less 
permeable on the inside than on the outside [15]. 

Other studies have indicated that hemp-lime works 
well as a building material for renovation purposes 
[16], [17]. When using hemp-lime for renovation 
purposes the energy performance of the walls is 
improved. Several historical buildings have already 
been renovated with hemp-lime, mainly in the UK and 
France. The experiences from these renovations have 
generally been good [17]. However, few studies have 
monitored what happens inside the walls in terms of 
moisture levels. What happens to moisture levels in 
the post-and-plank structure when removing the lime 
render and replacing it with hemp-lime? 

The aim of this paper was to study moisture levels 
in a post-and-plank wall with a lime render and with a 
hemp-lime render, so as to determine the feasibility of 
using hemp-lime as an insulation material for retro-
fitting historical post-and-plank walls. 

The objective was to monitor moisture levels in 
full-scale test walls both before and after renovation 
with hemp-lime.  

 

 
Figure 1: EBD-lab at Lund University. The two test façades to 
the right. 
 
2. MATERIALS AND METHODS  
The Energy and Building Design lab (EBD-lab) at Lund 
University allows for testing of two different façades, 
see Figure 1. The energy use for heating the room 

behind each façade can be measured to evaluate the 
thermal performance of the wall section. This was 
done in a previous study. 
 
2.1 Construction of full-scale timber façades  
Two different façades were constructed at the 
laboratory in May 2017, see Figure 2. One façade was 
built as a historical timber wall with a ~80 mm thick 
exterior lime render between wooden slats. This 
façade was built like a traditional rendered post-and-
plank construction. 

 

  
Figure 2: Construction of the test façades at Lund University. 
Left the lime façade (“before renovation”), before application 
of the lime render. Right the hemp-lime façade (“after 
renovation”) where hemp-lime is being applied. 
 
The other façade had a similar timber construction, 
but with a ~90 mm thick exterior hemp-lime layer. This 
façade was built as an example of a traditional 
rendered post-and-plank construction after renova-
tion. The hemp-lime layer was a little bit thicker than 
the original lime render in order to show the 
possibilities when renovating, but without changing 
the thickness and characteristics of the walls too 
much. 

Both façades had two different external lime 
renders; on one half of the façade an air lime render 
(Nordkalk SL) was applied, and on the other half of the 
façade a natural hydraulic lime render (St Astier NHL 
3.5) was applied, see Figure 3. This allowed for a 
comparison between the two lime renders. The lime 
mortars were mixed 1 lime to 1.5 sand by volume. 

The façades were exposed to the outdoor climate 
(in Lund, southern Sweden) and the rooms on the 
interior side of the walls were kept at an indoor 
temperature of 19-22°C. Moisture content was 
monitored at three depths inside the façades using 
wireless sensors (OmniSense) to monitor moisture 
content (WME, wood moisture equivalent) in 
combination with a wireless Gateway (OmniSense). As 
temperature was not monitored inside the walls, no 
temperature correction could be made for the 
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measured values. Monitoring started in October 2017 
and continued for more than one year. 

 

 
Figure 3: Two different external lime renders were used on 
both façades. To the left a natural hydraulic lime render, to 
the right an air lime render. 
 
The external walls were built up as follows according 
to Figure 4. Two different mortars for lime render were 
applied to the walls. Each wall was divided into two 
equal sections, approximately 1.3 m wide. On one 
section an air lime (Nordkalk SL) 1:1.5 was applied, and 
on the other section a natural hydraulic lime (St. Astier 
NHL 3.5) 1:1.5 was applied.  

Hemp shiv was supplied by BAFA Neu GmbH in 
Germany. The hemp-lime render was mixed in a 
horizontal cement mixer on site. The parts by volume 
of the hemp-lime mix were 7 hemp to 4 lime to 4¼ 
water. 
 

 
Figure 4: Vertical sections of the two façades, with the 
positions of the moisture content sensors. 
 
Post-and-plank façade with lime render  
(“before renovation”): 
 Traditional paper covering 
 Post-and-plank structure with 2” planks (50 mm) 

 Lime render (80 mm) with diagonal wooden slats 
(30x36 mm), approx. c.t.c. 200 mm  

 Lime render (20 mm)  
 
Post-and-plank façade with hemp-lime render  
(“after renovation”): 
 Traditional paper covering 
 Post-and-plank structure with 2” planks (50 mm) 
 Hemp-lime render (90 mm) with diagonal wooden 

slats (30x36 mm), approx. c.t.c. 200 mm  
 Lime render (20 mm) 

 

 
Figure 5: Overview of the test façades, A and B mark out the 
approximate heights of the measurement points in the wall.   

 
2.1 Moisture measurements in the lab 
Timber from the walls at the EBD-lab was used to 
determine moisture content at different relative 
humidity (RH). For this, timber from the post-and-
plank structure (from hereon referred to as timber) as 
well as material from the wooden slats (from hereon 
referred to as slats) had been put aside during the 
construction of the façades. These two wooden 
materials were sawn into samples. The timber test 
specimens measured approximately 27 x 49 x 86 mm 
while the slats measured approximately 30 x 35 x 84 
mm. Dry density was determined by means of drying 
and weighing three specimens per material.  

The test specimens were conditioned at three 
different relative humidity levels in climate boxes. A 
fourth relative humidity level was accomplished using 
a climate chamber (T=20.4  and RH=60.7 %).  Relative 
humidity inside the climate boxes was kept at a 
constant level using salt solutions. Three different salt 
solutions were used, see Table 1. 

The specimens were conditioned at absorption. 
Three specimens per relative humidity were used. The 
specimens were weighed once they had reached 
equilibrium. Directly after weighing they were sealed 
in small plastic bags, one bag per specimen. The same 
was done for specimens that had been allowed to dry 
in a heat cabinet (105°C) for 24 hours. This time period 
was chosen in order to not dry the chemically bound 
water from the specimens. An additional level of 
relative humidity was accomplished by putting the 
specimens in a layer of water inside a climate box and 
letting them take up water by means of capillary 
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suction. Once the upper surfaces of the specimens 
were wet, they were regarded as having reached       
100 % RH. The specimens were then taken out of the 
climate box, weighed, and sealed in plastic bags. Thus, 
in this study capillary saturation was defined as 100 % 
RH. 

 
Table 1: Relative humidity at saturation for different salt 
solutions according to [18]. 
 

Salt solution Relative humidity (%) at 
saturation 

NaCl 75.5 
KCl 85.1 

KNO3 94.6 
 

After weighing, electrodes were fitted 3 cm apart in 
the specimens and they were then directly 
transported to the EBD-lab inside a thermally insulated 
box. The wireless sensors at the lab were disconnected 
from monitoring the façades and connected to the 
specimens. This way the measured moisture content 
(WME) could be related to the different levels of 
relative humidity. After measuring in the EBD-lab the 
specimens were dried for 24 hours to establish their 
dry weight. Using these weights, the moisture content 
by mass at absorption (u) could be calculated using 
Equation (1): 

  (1) 

where  u - moisture content (%);  
m1 - mass at equilibrium with the 
surrounding relative humidity (g); 
m0 - dry weight (g); 

 
3. RESULTS AND DISCUSSION 
When removing the external lime render of a historical 
post-and-plank façade and replacing it with another 
material this will undoubtedly affect the hygrothermal 
properties of the wall. Even though the material 
properties of hemp-lime are reminiscent of those of 
lime (after all, a large portion of the hemp-lime 
consists of lime) there will still be some differences 
that will affect the overall building physics of the wall. 
Presuming that the timber inside the wall was dry 
before renovation it would be desirable if the post-
and-plank structure could remain dry even after 
renovation. 

 
3.1 Moisture measurements in the lab 
Measurements of moisture content in specimens with 
a known relative humidity and weight gave the 
correlation between relative humidity, measured 
WME and its equivalent weighed and calculated 
moisture content (um), for timber as well as wooden 
slats, see Table 2. 

 
 

Table 2: Moisture content in timber and slats  
 

 Timber Slats 
RH (%) WME (%) um (%) WME (%) um (% 

0 9.1 0.0 9.4 0.0 
60.7 9.8 11.0 10.0 10.8 
75.5 11.8 14.8 11.7 14.6 
85.1 13.9 17.9 13.9 17.7 
94.6 16.8 21.2 16.8 20.8 

“100” 29.5 61.2 29.2 62.2 
 
The results for each specimen (three specimens per 
RH) are shown in Figures 6 and 7. 

Figure 6: Measured moisture content (WME in %) and actual 
moisture content (%) at different RH for wooden slats. 

 
Figure 7: Measured moisture content (WME in %) and actual 
moisture content (%) at different RH for timber. 
 
3.2 Full-scale timber façades at EBD-lab 
The results illustrated in Figures 8-11 show moisture 
levels (WME in %) inside the façades. For both façades 
the timber structure had lower moisture levels behind 
an air lime render, than behind a NHL3.5 render. For 
the timber in the façade the measured moisture 
contents were quite high during the summer months, 
in the façades with NHL external render measured 
levels exceeded 18 % in July. These high moisture 
levels were observed during the summer months, 
after which the moisture content decreased again. 

As a design value, critical relative humidity for 
wood and other organic building materials can be  
assumed to be 80 % RH [19]. A simplified description 
of the risk for microbial growth at different relative 
humidity was presented by [20]. According to this, 
there is no risk for microbial growth in a material with 
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RH < 75 %. Between 75-85 % RH there is a low risk, 
between 85-95 % there is a moderate risk and at 
relative humidity > 95 % there is a high risk for 
microbial growth in the material [20]. According to 
[21] rot can arise at moisture contents over 30 %. For 
timber a moisture content of 16-18 % is usually 
regarded as the highest moisture content. In order for 
biological activity to appear in a building material four 
factors are required; water, substrate, temperature 
and sufficient time [20]. 

Critical humidity levels for microbial growth on 
hemp-lime have been observed in microbiology 
studies to be approximately 85 % RH [5]. In the test 
walls, that boundary is often surpassed behind the 
NHL render but rarely behind the air lime render. In 
addition, moisture levels in the hemp-lime façade 
were generally lower than in the lime façade. In both 
walls the measured moisture levels were lower behind 
the air lime render than behind the NHL lime render. 
The fact that hydraulic lime renders tend to be denser 
than air lime renders has previously been studied by 
[22]. Defining values for permeability of the various 
traditional lime renders is a subject for continued 
research.  

Moisture levels in the wall sections were, as 
expected, highest directly behind the render. After 
some initial drying, moisture levels increased again 
during the first spring. They were at their lowest during 
the summer and increased again during the autumn. 
However, when comparing October 2017 to October 
2018 it is evident that moisture levels in all walls had 
decreased quite substantially over the course of the 
year, see Figures 8-11. 
 
 
 
 
 

 
Figure 8: Moisture levels (WME) inside the lime façade with 
air lime render. 
 
 

 
Figure 9: Moisture levels (WME) inside the lime façade with 
NHL render. 
 
 

 
Figure 10: Moisture levels (WME) inside the hemp-lime 
façade with air lime render. 
 
 
 
 

 
Figure 11: Moisture levels (WME) inside the hemp-lime 
façade with NHL render. 
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3. CONCLUSIONS 
As a building material, hemp-lime can be easily applied 
and carried by traditional render backgrounds such as 
wooden slats. The hemp-lime is a very suitable render 
background for traditional air lime renders since it has 
both a good suction as well as a rough surface that 
provides good adhesion. Hemp-lime can be made 
using locally-produced air lime, although using air 
limes requires planning of drying time compared to 
using (more) hydraulic lime in the hemp-lime.  

The render surface can be fully emulated with 
traditional air lime and lime wash, using traditional 
craftsmanship methods. The historical values, 
aesthetics, structure and appearance it had before 
renovation can be maintained. The moisture levels 
measured in the timber structure were at a sufficiently 
low level for the timber structure to remain without an 
increased risk of moisture damage (especially behind 
the air lime render) in terms of microbial growth, 
decay and rot compared to the original structure with 
a thick air lime render. When renovating with hemp-
lime, energy performance and indoor climate are 
improved, and as a result the building can be adapted 
to comply with modern building requirements that can 
be placed on a building with high cultural-historical 
values. 
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ABSTRACT: The living Nordic tradition of using pine tar made from Pinus Sylvestris to protect wooden shingle 
roofing and walls is endangered due to generational changes, and a lack of raw materials and quality criteria for 
the product. In the management of heritage buildings, an increasingly warmer climate has put in focus the 
challenges of maintaining wooden roofs when it comes to durability and costs. The margins for low quality in 
materials are smaller in a warmer climate, since they degrade more rapidly. There is also a conflict in modern- 
day forestry, which does not produce any raw material for tar-making. In the Nordic Tar Network, coordinated 
by the Craft Laboratory since 2016, the lack of Nordic pine tar has been highlighted by several heritage 
organisations in Norway, Sweden and Finland. At the same time, there are a number of historical wooden roofs 
that urgently need protective tar layers in order to not fail. The aim of the research is to stimulate small-scale 
production of pine tar by mapping and reviewing historical instructions and by documenting traditional pine tar 
kilns still in use by local historical associations. Through the resulting video instructions and manuals, based on 
best practice for tar-making, criteria for quality and a manual for documenting living traditions in tar-making, a 
sustainable Swedish and Nordic change may be initiated. 
 
KEYWORDS:  Pine tar, Wooden Heritage, Sustainability, Domestic Tar Production, Tarring Practice.  

1. INTRODUCTION  
     Two current parallel, simultaneous changes are 
causing a rapid deterioration in traditional wooden 
roofs, resulting in very costly maintenance. In an 
ongoing research project about tar production at the 
Craft Laboratory, University of Gothenburg these 
challenges are being dealt with.   
   The first change is in how tar treatment of wooden 
roofs is done. It has shifted from a multi-layered, heat-
bodied and pigmented protective pine tar, to the use 
of an unbodied, unpigmented thin single layer (or two 
applications) that are immensely absorbed into the dry 
and weathered wood. The later method results in a 
temporary waterproofing that needs to be renewed 
frequently, in contrast to the first method.   
   The other change is the warmer climate, which 
increases the rate of already ongoing natural 
degradation processes in wood. The change is 
resulting in hotter and damper summers, longer 
periods with elevated temperatures, shorter cold 
periods (that preserve wood), and more shifts 
between freezing and thawing, which all wear out the 
material.  
   These two changes reduces the margins for the 
maintenance of wooden roofs. Although it is becoming 
more and more important to maintain the wood 
material on the roof, the future scenario for the 
number of members in the Swedish Church shows a 
decline. This will result in less funding in the future for 
restoration and maintenance. 
   Learning more about what a qualitative tar 
treatment of a roof is will therefore become 
increasingly important to save money and to preserve 

as many of the wooden roofs as possible. Since 
traditional tar production almost stopped in the 20th 
century one other important task is also to encourage 
entrepreneurs and small-scale foresters to take up tar-
making by creating networks, publishing manuals and 
offering seminars during the project.          
 
2. THE USE OF TAR AND WOODEN SHINGLE ROOFS 
     There are close to 3,000 listed churches in Sweden 
[1-2]. The use of wood shingles is a nearly thousand-
year-old living tradition [3-4]. Many of the churches 
have original wooden shingle roofing, the oldest from 
the 14th century, but there are examples from every 
century thereafter. Old wooden shingles are also 
found as facade or roof coverings on bell towers [4]. 
There is no recent national overview but objects 
registered in the national database for heritage 
buildings show that there are at least 600 objects 
registered in the category “wooden shingle roofs''. The 
findings in an ongoing project covering two large 
dioceses show that the number of wooden shingle 
roofs and walls is even higher [4].  
   The oldest shingles are found on facades where the 
deterioration rate is slower. But still, many roofs have 
wooden shingles that date from the 18th and 19th 
centuries [4]. In some dioceses, most shingle roofs are 
reconstructions made in the 20th century based on 
historic information on former roofs of the church and 
other buildings directly related to the church. 
   Wooden shingles have been painted with pine tar 
(distilled from Pinus Sylvestris) and/or tar paints for 
aesthetic reasons, and as a shield in order to protect 
them from atmospheric exposure such as moisture, 
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UV light and high temperatures [5-6]. Sweden, with 
Finland, was once one of the world's largest producers 
of pine tar products, with worldwide exports [8]. 
Kolningslaboratoriet, a part of the Academy of 
Engineering Sciences, conducted intense technical 
research in the field, but these efforts ended after the 
Second World War. After this, traded knowledge of tar 
production and its uses was gradually impoverished. 

 
3.  WOODEN ROOFS AND CLIMATE CHANGE  
   The project is based on heritage conservation 
principles for the preservation of both tangible and 
intangible heritage. The results aim to stimulate 
actions that prolong the lives of the wooden roofs and 
their protective tar layers. Due to the climate changes 
mentioned in the introduction, the degradation rate is 
increasing rapidly [5]. The annual average levels for 
temperature, precipitation and solar radiation have all 
increased during the last decade [6]. All these changes 
are making it harder to preserve wooden shingle 
roofing.  
   The climate changes also affect the supply chain of 
wood for both wooden shingles and tar. The change to 
a green society rests largely on the use of biomass in 
both industry and energy production [7]. At the same 
time, it is important to preserve old forests to maintain 
biodiversity and functioning natural ecosystems. 
Together with stressed forests from extreme weather, 
drought, storms and floods, the competition for 
wooden material is an area of increasing conflict in 
Sweden [7].  
 
4. PINE FOR TAR PRODUCTION 
    To produce pine tar is a process that takes several 
years. The tree must mature, be harvested, go through 
several steps of preparation of the heartwood, to 
shape the raw material in proper fractions, until it is 
time for the pyrolysis of the raw materials in kilns or 
furnaces. The pine species Pinus Sylvestris is 
traditionally used for the production of tar for wooden 
shingles. No other tar is used for this purpose in 
Swedish traditions. Important pine qualities needed 
for tar extraction are high annual ring density and “fat” 
(i.e. rich in resin), which are features of old and mature 
heartwood [7-8]. 
   The pine develops such wood preferably in the lower 
part of the tree within its root system and lower parts 
of the trunk. Weathered old pine trunks are important 
raw material sources for tar-making, but the 
harvesting of these is very labour intense. Figure 1 
shows trial harvesting with machines. Access to old 
stumps is limited, and therefore other methods for 
resin enrichment are needed, and also other source 
materials. 

 
Figure 1. Trial harvesting of old pine stumps, raw material 
for the tar-making. Photo: Authors.  

   The pine produces resins as a result of mechanical 
damage to the trunk (Fig. 2). Damage to the pine wood 
may occur naturally from factors such as storms, 
lightning or animals. Damage have also been inflicted 
deliberately, by long tradition, by humans. When the 
stem is mechanically damaged, the wood produces 
more resinous substances and heartwood to protect 
against fungus and other biological attacks.  The 
methods used for this are called katning and 
randbarkning and mean that the bark and surface of 
the sapwood is stripped off and/or cut in various ways.   
 

Figure 2. Flooding production of resin after mechanical 
damage to the bark (katning). Photo: Authors. 

Estimations in Sweden show that the demand for high 
quality timber for tar production, is high. It has been 
estimated that Sweden’s thirteen dioceses need 6-12 
cubic metres annually [9-10]. Since the Church of 
Sweden currently lacks basic data concerning the 
number of wooden objects that need tar applications, 
roofing surface areas, surface conditions, etc., a huge 
task lies ahead. Even this may be an underestimation 
since the trend is to use bodied tar. Bodied tar can be 
obtained in two ways that could be combined: a 
viscosity increase by heating or by adding solid 
particles (to a tar paint). It is not known at the moment 
if a combination of these methods would result in an 
increase or decrease in the total annual consumption, 
but we assume that we will have a tarring practice with 
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thicker multiple layers compared to the current 
practice. 
 
4.1 Forestry and material supply 
   Wooden roofs with tar depend on the production of 
certain wood species and the age of the trees in 
forests. Therefore, the supply of these materials also 
makes the heritage sector a consumer of timber in 
addition to the paper mill industry and bioenergy. This 
is a challenge for a relatively small and fragmented 
sector. In 2020, the final report from the national 
commission of inquiry on forestry raised this future 
need for small-scale high-quality products in the 
heritage sector [5]. The Church of Sweden was cited as 
an example of an organisation needing wooden 
products for restoration purposes to fulfil the 
requirements in Sweden’s heritage legislation.  
    The preservation of historic timber buildings 
depends on local material and traditional knowledge 
about how to select the material needed. This 
knowledge is today rare [11]. In ICOMOS international 
Wood committee´s Principles for the conservation of 
wooden built heritage, it is suggested that historic 
forest reserves are created with the long-term 
ambition to produce wood for the restoration of 
heritage buildings [12]. There are no such protected 
areas in Sweden today.  
   In Sweden the average lifespan of pine timber is 80-
120 years, compared with the timber that is required 
for architectural needs which should be about 150-220 
years old [7]. This is a problem because the rate of re-
growth of trees is far too low today, and younger 
forests do not produce either the quality nor the 
volumes that are needed. 
   Considering that the Church of Sweden, as well as 
other public property managers and trustees of 
heritage buildings that have wooden roofs in need of 
tar are also some of the largest owners of forests in 
Sweden, with a high volume of raw materials for the 
production of wooden shingles and pine tar, the 
current system appears to mismatch. 
 
5. PROTECTION AND MANAGEMENT OF CHURCHES 
IN SWEDEN 
    The listed churches in Sweden are maintained by 
their local parishes, with the support of the diocese. 
Since the State and Church were separated in 2000, 
the state subsidies between 50-90% of the 
management expenses related to cultural heritage 
values [1, 13,19]. Churches built before 1939 are 
protected by the Heritage Conservation Act which 
means that interventions require approval from the 
County Administrative Board (Länsstyrelsen) [15].    
   The Church of Sweden (Trossamfundet Svenska 
kyrkan) has adopted a policy for sustainable 
management [16].  It states that “Responsibility for the 
Creation” must be fundamentally integrated with the 

management of its buildings and urges members to 
take responsibility for a sustainable future, socially, 
economically and environmentally [16].   
 
6. CURRENT TARRING PRACTICE 
     Vernacular heritage tar production for the 
maintenance of the parish church roof was 
traditionally based on raw material processed and 
burnt in the household. Today the tar is imported 
mainly from China but also in significant amounts from 
Turkey and Serbia. The origin of the tar in terms of the 
species of trees is relatively unknown, as are the 
production conditions, etc. Unfortunately, Swedish 
domestic production is so limited that it would only 
cover a fraction of the need for wooden roofs, if it 
were offered to the Church of Sweden. Domestic 
production is mainly sold to and used by local heritage 
associations.      
     In recent decades, the practice for tarring wooden 
roofing has been to apply an unpigmented layer of 
low-viscous pine tar by brush, spray gun, or roller [9]. 
Occasionally the practice has been to apply two layers. 
The tar has been applied during summer, 
preferentially on hot days. The lifespan of the 
treatment has been one to two years. This practice is 
costly and very resource-intensive and do not seem to 
work [9]. It is not a sustainable way of protecting 
wooden roofs. Over time, there has been an increasing 
number of indications that the traditional way of 
tarring was to use bodied tar, with or without 
pigmentation, for better protection [4, 8].   
 
7. RESEARCH QUESTIONS 
   This background has initiated a two-year long 
research project involving the Church of Sweden, the 
Craft Laboratory/ University of Gothenburg in 
cooperation with local craft heritage practitioners, 
entrepreneurs, and associations. 
     The research project focuses on developing an 
understanding of the complex relationship between 
historical instructions, geographical differences in raw 
material supply, and social, economic and ecological 
sustainability and the dissemination of the results 
among property managers and entrepreneurs. The 
project aims to highlight knowledge and methods to 
support the sustainable management of tar-painted 
wooden heritage in both Sweden and other Nordic 
countries. Its main tasks are: 

1. Critical surveys and compilation of historical 
sources that describe tar-making processes, 
quality criteria, quality assessments.  

2. Analysis of the pyrolysis process in different 
tar kilns (tjärdal), retorts and furnaces, and 
the resulting tar fraction characteristics (Fig. 
3). The correlations between process 
variables and tar substances are described 
and explored in relation to quality.   
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3. Documentation of contemporary production 
equipment and practical experience of tar-
making in order to expand knowledge of the 
tangible and intangible aspects of tarring. 

4. Evaluation of production economy, and 
comparison of the yield of raw material with 
different types of machines, facilities and 
tools, taking into account the required 
processing time and costs.  

5. Evaluation of a methodology for quality 
assessments of the produced pine tars from 
tasks 2 and 3. 

6. Establishment of a Tar Agency and an active 
network of small local producers. 

 
8. METHODS 
8.1 Critical surveys 
   A survey has been conducted with a focus on the 
synthesis of historical descriptions of tar production in 
traditional kilns, retorts and furnaces developed in the 
late 19th century and used until the end of the Second 
World War [8, 19]. The sources are historical manuals 
in building techniques, forestry and traditional 
painting crafts but also research reports from the 
important metallurgical production research reports 
submitted to the National Science and Engineering 
Academies already in the 18th and up until the early 
20th centuries (Järnkontoret, Vetenskapsakademien, 
IVA´s Kolningslaboratoriet). Specifications and quality 
assessment methods are prioritised information. 
Historical recipes and method descriptions were also 
searched for information. 
 
8.2 Pyrolysis Process Analysis  
   The results of the pyrolysis process (such as tar, gases 
and char) depend on factors such as plant species and 
quality, pyrolysis reactor design, and process 
conditions [19].  
    Some researchers have measured temperature vs 
time in different locations in kilns during tar-making 
processes [9, 17]. Maximum pyrolysis temperatures 
and retention time and intervals are therefore known. 
In order to reveal further information from this type of 
monitoring, mathematical treatments of the data are 
planned. By calculating the derivative, it is possible to 
obtain heating rates and cooling rates, and reveal 
chemical reactions that require or release energy i.e. 
to describe reaction kinetics [20]. These data could be 
useful to connect with material data and as process 
control criteria for tar production in furnaces, where 
the energy provided for the pyrolysis could be 

 
Figure 3: Pine tar produced in kilns has different 
characteristics depending on the pyrolysis cycle. 
Photo: Authors. 
 
allothermic (from an external source) or auto-thermic 
(from the raw material). The tar production of at least 
five kilns, retorts and furnaces will be analysed in, for 
instance, a new electrically heated programmable 
furnace, where the time-temperature curves can be 
regulated and monitored accurately, the process 
cycles of some typical kiln processes are simulated. 
With this method, it is possible to investigate the 
influence of different raw materials on the final tar 
products. In a new steel- and brick furnace, the process 
will be monitored by thermo elements and post-
analysed in relation to the qualities of the tar produced 
from a heartwood-rich raw material. In this furnace, 
the process energy is provided by firewood, and thus 
the process cycle is more difficult to control.   
 
8.3 Documentation of Contemporary Production 
Equipment 
The project will cooperate with three categories of tar 
producer based on the volume of tar they plan to 
produce. Category 1 comprises local heritage 
associations and similar; Category 2 comprises small 
businesses producing less than 1 tonne/year and 
Category 3 comprises industries producing more than 
1 tonne/year. The documentation uses participatory 
action research in cooperation with tar-makers from 
different areas in Sweden. Most of the tar-makers 
today that are active in local heritage associations and 
tradition carriers will be interviewed. The process of 
tar-making will be documented audio-visually and by 
interviews and different types of statements.  
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Figure 4: The burning of a tar kiln is initiated.  
 
     The production units are: 
Kilns - Traditional tar kilns have had differences in 
material and construction (Fig. 4). They represent a 
relatively simple method to extract tar. The project will 
document the process of building and burning at least 
one kiln.  
Retorts and furnaces - There are both modern and 
replica retorts and furnaces from the 19th and 20th 
centuries. The yield of tar and other tar products is 
higher compared to kilns (Fig. 5). The project will 
document the process of stowing and burning in these 
facilities: Borensbergsugnen, built in 2020 by a local 
heritage association as a replica of a tar retort from the 
20th century; and a newly constructed electrically 
heated facility for domestic tar production.  
  The historical descriptions of facilities for tar 
production all emphasise the importance of low 
heating rates and low temperatures over a longer 
period of time to get the required quality [9, 17, 22, 23, 
24].  

 
Figure 5: Borensberg replica tar retort, a steel construction 
integrated to an outer brick shape. Photo: Authors 
 
8.4. Evaluation of Production Economy and Ethics 
  Historical sources emphasise the importance of 
economising with resources, a focus that modern 
society also should implement in a sustainable way. 
Economising have been highlighted thru history for 

different types of forest resources, along with the 
need for building materials, firewood and raw 
materials for tar-making [18, 25, 26, 27, 28, 29, 30]. In 
the fields of circular bio-economy, ecosystem services, 
qualitative and diversified forestry, the potential 
benefits of from an economical, aesthetic, biological 
and technical point of view are currently debated [7, 
31, 32]. Global and local perspectives, even down to 
individual perspectives, of forestry are being debated 
along with how the raw materials could be utilised 
from the forests [7, 33, 34, 35]. The deliberate 
damaging of large and healthy pine trees in order to 
produce resins for tar-making was forbidden in 
Sweden during the 18th and 19th centuries [36, 37].  
 
8.5 Methodology for Tar Quality Assessments 
    It is a challenging task to evaluate the quality of the 
produced tar since the knowledge and criteria for 
these types of assessments were held by the 
traditional tar-makers (but currently lost and need to 
be regained). We consider that there are several 
similarities with the production and use of traditional 
fat oil varnishes, such as linseed oil varnishes that were 
produced by firstly small scale and later industrial 
processes. Analogous to pine tar, their production and 
use abruptly almost ended after the Second World 
War. The characteristics of the formed solid film, such 
as gloss, uniformity, adherence, colour, 
waterproofness, solvent-resistance, and softening 
temperatures will be evaluated. For this, application 
on glass plates and absorbing substrates may be used. 
The empirical experiments were combined with 
chemical and physical analysis such as gas 
chromatography and mass spectroscopy (GC-MS), X-
ray fluorescence (XRF) and different laboratory 
thermal analyses (TA, TGA; DSC) of the liquid tars such 
as described by for instance Muradov et al. [10]. Other 
methods for investigating liquid tars include assessing 
viscosity, specific weight, water content, acid value, 
etc. 
 
DISCUSSION 
    The analysis of pyrolysis and raw material variables 
versus produced tar qualities could help regain and 
improve tar treatment practice. This is very important 
since the thousand-year-old traditions of tarring that 
were disrupted in the middle of the 20th century could 
be partly revitalised. Tangible and intangible 
knowledge of tarring are substantial parts of the 
Scandinavian wooden heritage. 
    If we are able to expand the body of knowledge 
regarding small-scale tar production methods, it could 
initiate a sustainable domestic production.  
  There is an ambition to implement the project 
according to the three aspects of sustainability: social, 
economic and environmental. There are strengths and 
challenges concerning tar production in all of them.  
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    From a social perspective, tar production is likely to 
interest and engage local communities, foresters and 
entrepreneurs. It would stimulate local engagement in 
many ways. The tar burning occasions in kilns are 
intimately connected to not only teams (including 
tradition-bearers), but also events, with organisers 
and participants of all ages and gender in a social 
activity. 
    From an economic point of view, the return to a 
thickened tar can give longer life to both wooden 
shingles and tar layers. Tar produced on a small scale 
will be more expensive per litre but other values such 
as preserving living and material heritage must be 
taken into the calculations of the economy. Another 
aspect of this is also the opportunity to initiate new 
sources of income for small-scale forest owners and 
new entrepreneurship (by the use of mobile concept 
furnace instructions), which are important from 
economic and social sustainability. 
     From an ecological point of view, the direct benefit 
is shorter transports of tar. In addition, the need for 
wood from old trees, for both tar and wooden 
shingles, could inspire more extensive conservation of 
natural forests. The deliberate katning (damaging of 
the tree to stimulate resin production) might seem 
harsh to the tree, but could be the gentler way of 
producing raw material compared to clear-felling of 
forests to extract stumps.  
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ABSTRACT:  The constructive system of half-timbered walls with earth infill is very widespread geographically.  It 
has been in use throughout history and is also found in the traditional architecture of certain mountainous areas 
in Spain. The general progressive abandonment of earthen architecture in recent decades, especially half-
timbered walls, has highlighted the need for comprehensive research and study on the technique and its 
degradation and transformation. The process of cataloguing and classifying different variants is complex, as 
they are a response to geographical factors such as climate or available materials, and to other cultural, 
functional or economic aspects. This text proposes a progressive classification system based on typology, 
structural geometry and infill materials, as well as an initial geographical classification of variants identified in 
Burgos, Soria, Caceres, Salamanca, Guadalajara and Segovia. 
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1. INTRODUCTION  
Half-timbered walls with earth infill have been 

found in the earliest human constructions but have 
evolved very differently to generate a wide range of 
constructive systems and techniques. Examples of 
half-timbered walls were used particularly in the 
himis and baghdadi style dwellings in Turkey, bondruk 
houses in Macedonia or dhaji dewari buildings in 
Nepal, all locations with seismic activity [1,2,3]. 
However, they have also been used in other countries 
including Spain, Germany, France, England, Finland, 
Romania and Greece [4,5]. In addition to their 
structural resistance to earthquakes, their 
widespread geographical use is also due to the fact 
that this technique uses local materials which require 
little transformation, making it possible to build tall 
buildings with thinner walls compared to others, 
generating overhangs which increase the usable 
space indoors. 

Although Spanish traditional architecture is 
commonly associated with other earthen techniques 
such as rammed earth and adobe, in some areas 
many examples of half-timbered walls with earth infill 
can be found. However, in the last century 
industrialization, rural exodus and the introduction of 
new materials have brought about the progressive 
abandonment of these buildings and loss of 
knowledge associated with their construction [6]. 
Despite the specific scientific interest in earthen 
architecture over the last few decades [7,8], few 
concrete references are available. It is necessary to 
resort to architectural treatises [9,10,11,12] and 20th-

century popular architecture catalogues [13,14] in 
order to find brief references and recommendations 
for construction.  

The examples currently preserved are mostly 
located in mountainous regions in an elevation above 
500 mamsl, where the climate encourages the growth 
of trees that are optimal for construction [15]. These 
are primarily found in urban nuclei with low 
population and are dwellings between party walls 2 
to 3 storeys high. However, these techniques have 
also been used traditionally inside buildings in major 
cities such as Madrid or Valencia [17], but building 
renovation, urban planning regulations against fires 
and concern for decorum reduced their use and 
presence. In contrast, a greater number of examples 
have been preserved in rural areas, but the lack of 
maintenance and control of transformations in these 
areas favours their degradation and possible loss of 
heritage. 

 
2. METHODOLOGY AND OBJECTIVES  

This has prompted much broader research which 
aims to study this type of wall in Spain in depth, 
covering cataloguing, classification, state of 
conservation, and current transformation dynamics. 
Such research aims to understand their constructive 
logic, proposing the bases for its conservation and 
valorization.  

The methodology used is based on the detailed 
analysis of half-timbered walls with earth infill 
throughout Spain using quantitative and qualitative 
methods and a complex study fiche [18]. 
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This analysis has enabled the proposal of a 
progressive classification of this type of wall by 
typology, structural geometry, and infill material. 
However, the geographical and visual limitations of 
this research should be borne in mind as it is not 
possible to visit all Spanish municipalities or to 
analyse the interior of buildings. 

The main objective of this text is to provide an 
initial approach to the geographical cataloguing of 
this type of wall, defining the most common 
typological, geometric, and material characteristics in 
different parts of the Spanish territory.  

In order to ensure the statistical validity of results 
so that they represent the real situation of buildings 
in each individual area, only areas with at least 30 
case studies were analysed. Thus, the analysis of 236 
case studies made it possible to define the most 
common variants in Burgos, Soria, Caceres, 
Salamanca, Guadalajara and Segovia (Fig. 1).   

 

 
Figure 1: Distribution of the cases analysed. 

 

2.1 Typological characterization 
Half-timbered walls with earth infill can be used to 

build elements of different complexity and function, 
from gable walls to complete façades. Therefore, 
depending on the position, function and form of the 
half-timbered wall it is possible to distinguish 
continuous walls aligned on a single vertical plane 
from non-continuous walls with changes of plane 
including overhangs, galleries or arcades.  

Continuous walls aligned on a single vertical plane 
assume that the structural load is continuously 
distributed along the same plane. In contrast, non-
continuous walls with changes of plane require an 
extension of floor and the structural elements of 
floors and ceilings, and the occasional presence of 
reinforcing elements such as knee braces and corbels.  

 
 

2.2 Geometrical characterization 
This type of wall always consists of a main 

structure made up of vertical uprights and horizontal 
struts, but there can also be secondary structures 
with structural objectives, including the reduction of 
the buckling length and bracing of the wall, as well as 
functional objectives such as the installation of 
windows and doors. Vertical uprights (V), horizontal 
bridges (H), diagonal (D) and combined elements (X) 
can appear in decreasing order of constructive 
complexity and combined in multiple directions. 
Thus, geometrical characterization considers the 
possible combinations of these secondary elements.  

Therefore, the simplest geometries (Fig. 2) only 
include vertical uprights, horizontal bridges and 
occasional diagonal elements, mainly on corners. In 
contrast, the more complex geometries (Fig. 3) 
incorporate composite elements as well as those 
mentioned above. 

 

 
Figure 2: Simple geometrical variants. 

 
Figure 3: Complex geometrical variants.  
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2.3 Material characterization 
The spaces between timber elements can be filled 

with many different materials depending on 
geographical and specific conditioning factors such as 
the function of the building or the owners’ economic 
situation.  

Different solutions can be classified according to 
their constructive logic as half-timbered walls, which 
use heavy infill with a high level of resistance, and 
woven walls, which use lightweight plant fibre 
screens.  

Among the half-timbered walls a distinction can 
be made between monolithic infill and rubble infill. 
Monolithic infill (Fig. 4) is achieved by pouring or 
piling earth into double formwork or against simple 
formwork to create a homogeneous and unified 
mass. Rubble infill (Fig. 5) uses small pieces which are 
handled depending mostly on the placement and the 
bond used.  

In contrast, lightweight screens (Fig. 6) are made 
by interweaving flexible plant fibres or nailing 
wooden strips to act as an enclosure. Earth mortar 
rendering is often applied to these screens in order to 
provide rigidity and protection.  

 
3. GEOGRAPHICAL CATALOGUING 

Below is an analysis of the most common 
typological variants (Table 1), geometrical variants 
(Table 2), and material variants (Table 3) in Burgos, 
Soria, Caceres, Salamanca, Guadalajara and Segovia.  

 
3.1 Burgos  

Half-timbered walls are found throughout the 
province of Burgos and are mostly continuous façade 
walls (Table 1). However, examples with arcades are 
found in Santo Domingo de Silos and Valdazo, as well 
as overhanging walls with ashlar detailing at the side, 
reminiscent of the solanas or porches of Cantabrian 
houses [18].  

It is worth highlighting the simple geometries 
(Table 2), with solutions including diagonal elements 
on the corners to brace the walls (V+D, 40%) and 
examples consisting only of vertical elements (V, 
30%).  

In terms of materials (Table 3), most are 
monolithic infill (84%). Tapialete (Fig. 4d) is the most 
used monolithic solution in Burgos (66%), consisting 
in pouring a mixture of earth, gypsum and masonry 
into formwork (Fig. 7).  

However, a unique type of construction using infill 
combined with courses of adobe and brick (Fig. 5h) 
can be found, especially in the region of Condado de 
Treviño. 

 
 

 
Figure 4: Material variants of monolithic infill. Source: 
Research project SOStierra. 

 

 
Figure 5: Material variants of rubble infill. Source: Research 
project SOStierra. 
 

 
Figure 6: Material variants of lightweight screens. Source: 
Research project SOStierra. 
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Table 1: Typological variants with the number of cases of each type and the percentage in relation to the total.  
 

 

Co
nt

in
uo

us
  

w
al

l 

Fa
ça

de
 h

al
f-

tim
be

r 

In
te

rio
r h

al
f-

tim
be

r  

No
n-

co
nt

in
uo

us
 

w
al

l 

O
ve

rh
an

g 
ha

lf-
tim

be
r 

Ar
ca

de
 h

al
f-

tim
be

r 

Ga
lle

ry
 h

al
f-

tim
be

r 

To
ta

l 

Burgos 65 89% 63 86% 2 3% 8 11% 6 8% 2 3% 0 0% 73 
Soria 26 79% 26 79% 0 0% 7 21% 4 12% 2 6% 1 3% 33 
Caceres and Salamanca 41 59% 41 59% 0 0% 28 41% 23 33% 5 7% 0 0% 69 
Guadalajara and Segovia 31 100% 31 100% 0 0% 0 0% 0 0% 0 0% 0 0% 31 
 
Table 2: Geometrical variants with the number of cases of each type and the percentage in relation to the total.   
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Table 3: Material variants with the number of cases of each type and the percentage in relation to the total.  
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Figure 7: Continuous half-timbered walls with simple 
geometry with monolithic tapialete infill in Agés (Burgos). 
 
3.2 Soria  

Half-timbered walls in Soria are found mainly in 
the west of the province, where they do not overlap 
with other types of earthen architecture [20]. The 
most common typology is that of continuous façade 
walls (Table 1), although cases with arcades and 
overhangs have also been found, for instance in 
Calatañazor (Fig. 8). Although the geometries 
continue to be mostly simple (Table 2), an increasing 
number of cases with horizontal elements (V+H 42%) 
are to be found, as well as a variety of complex 
geometries with composite elements (33%).  

 
Figure 8: Half-timbered walls forming simple geometry 
arcades with adobe brick infill in Calatañazor (Soria). 

 
In terms of materials (Table 3), both adobe infill 

(58%) and the presence of woven walls (39%) should 
be highlighted. In the first case, these can spring from 
vertical uprights close together where the adobe is 
placed sloping (Fig. 5c) or in cases where more space 
is available, they are placed with horizontal bonds 
(Fig. 5b). In the second case, these are lightweight 
screens of wattle interwoven on an auxiliary 
substructure and rendered in clay mortar (Fig. 6c), 
reminiscent of chimneys of the traditional houses in 
Pinares (Soria) [21]. This last solution leaves more 
space between structural elements, but to manage 
the stress it is necessary to include a substructure and 
occasional horizontal elements.  
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3.4 Caceres and Salamanca 
Between Extremadura and Castilla y León more 

complex half-timbered walls start to appear [22], with 
more typologies with overhangs and arcades (Table 
1). The urban landscape of many municipalities such 
as Cepeda, Cuevas del Valle and La Alberca, are 
characterized by the overhangs providing shade and 
protection from the rain (Fig. 9).  

It is generally possible to find both half-timbered 
walls with simple geometries carefully executed and 
designed and half-timbered walls with complex 
geometries where the design seems far more random 
(Fig. 10).  

 

Figure 9: Buildings with various overhangs in Cepeda 
(Salamanca).  
 

 
Figure 10: Buildings in Cepeda (Salamanca) with half-
timbered walls with different geometries and materials. 
 

Although the simple geometries found in this area 
mostly include horizontal and diagonal elements (V+H 
13%, V+D 20%, V+H+D 14%) it should be noted that 
there a more examples of complex geometries than 
in the other areas analysed (Table 2).  

In terms of the infill used (Table 3), we mostly find 
cases of half-timbered walls with adobe brick infill 
placed horizontally (74%) (Figs. 5a and 5b) and 
sloping (Fig. 5e) (12%). However, there is a unique 
variant of masonry piled up within a structure of 
vertical uprights close together which correspond to 
the traditional houses in La Alberca [23].  
 
3.3 Guadalajara and Segovia 

The use of half-timbered walls in Guadalajara and 
Segovia is found mostly in the mountainous regions 
of the Central System [24], with a predominance of 
continuous typologies on façade walls (Table 1).  

The geometrical variants in the region are mostly 
simple (Table 2), with a greater presence of 
geometries consisting only of vertical elements (V 
65%) and other examples which include diagonal 
elements (V+D 19%). Rubble infill (81%) is the most 
commonly found material variant (Table 3). About 
half of the examples studied use adobe bricks laid 
horizontally (Figs. 5a and 5b), but there are also other 
notable cases where the uprights are very close 
together and adobe bricks are placed in slopes (Fig. 
5e) (19%) or in a herringbone pattern (Fig. 5f) (10%). 
In general these are very simple geometries where 
different types of bond can be found (Fig. 11) 
 

 
Figure 11: Half-timbered wall with simple geometry and an 
infill of sloping piled adobe bond, in Moral de Hornuez 
(Segovia). 

 
4. CONCLUSION 

The cataloguing system proposed makes it 
possible to define entire walls by identifying the 
correct typology based on form, localization and 
function within the building, the geometrical variant 
according to the placement of timber structural 
elements and the material variant based on the 
constructive logic used. Thanks to the analysis of 236 
case studies in Burgos, Soria, Caceres, Salamanca, 
Guadalajara and Segovia the typological, geometrical 
and material variants of every region were identified.  

In Burgos there is a notable presence of 
continuous walls with simple geometries and 
monolithic infill, especially tapialete. In Guadalajara 
and Salamanca continuous walls with simple 
geometries are also found, but predominantly 
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combining an adobe infill with a horizontal bond. In 
Soria there are some examples of slightly more 
complex cases, with projecting walls and arcades 
which use both adobe infill and plant fibre woven 
screens, but the geometries used continue to be 
mostly simple. In Caceres and Salamanca there is a 
greater number of walls with overhangs and a higher 
total of cases with complex geometries, with 
horizontal or sloping adobe. 

Moreover, a correlation between the infill and the 
structural geometry used could be seen. Both uses 
are initially conditioned by material available in a 
specific location, but they also depend on the space 
available between the timber elements to execute 
the individual infill. Monolithic infill was mostly found 
in walls with simpler geometries, probably because it 
does not generate small spaces that poured or piled 
earth cannot completely fill. In contrast, rubble infill 
is associated with far more heterogeneous and 
complex geometries, as when working with pieces 
the bond can be varied as needed and some pieces 
can be broken to fill up to the top.  
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ABSTRACT: Due to the unprecedented rate of urbanisation in China, cultural heritage protection is in peril. Effort 
must be made to fill the critical knowledge gap between cultural heritage and technology. The intrinsic 
resourcefulness of vernacular buildings, with their specific knowledge of and respect for the local climate, is a 
valuable research area in terms of both environmental protection and cultural heritage. The Lingnan area of South 
China, which is home to Hong Kong, is a rich target of and foundation for research in this area. Hong Kong belongs 
to China’s fourth climate zone, which is characterised by a hot summer and warm winter. This research 
investigates the formation of the traditional Hong Kong vernacular courtyard from the perspective of climate. 
From a tectonic perspective, how to respond to climate change has always been a fundamental issue in the 
discussion of regional architecture. This study anchors its investigation in the most fundamental prerequisites for 
architectural design and an issue crucial to the development of local society, economy and culture – the climate. 
Specifically, this study investigates the historical and cultural characteristics of the walled village of Tsang Tai Uk, 
including the choice of site location and tectonic context. It views Hong Kong’s vernacular courtyards from the 
perspective of critical regionalism. Through a case study of Tsang Tai Uk, the study discusses the unique 
architectural approach to design, influenced by nature and the local climate, taken by settlers in Hong Kong in the 
18th and 19th centuries. 
 
KEYWORDS: Climate, Hong Kong, Vernacular courtyard, Critical regionalism, Simulation 
 
 

  The traditional building design epistemologies that 
underpin vernacular architecture have been 
developed by local people over a long period of trial 
and error. Studying the intrinsic resourcefulness of 
vernacular buildings, with their specific knowledge of 
and respect for the local climate, helps us to devise 
passive climate-adapted building techniques for 
modern buildings, in terms of both environmental 
protection and cultural heritage. Regionalism is a 
broad topic, and the repository of vernacular cultural 
heritage is vast. To effectively inherit the affordances 
of vernacular architecture, we need to focus on the 
epistemologies underlying how people in the past met 
their daily demands with limited natural resources. In 
short, the epistemologies according to which they 
dealt with nature are exactly what we need to inherit 
today. 
   Lingnan is a geographic area covering the territory 
south of the Nanling Mountains. The Lingnan area has 
a subtropical climate – humid and hot. Therefore, heat 
insulation, shading, ventilation, moisture-proofing, 
windproofing and flood prevention are the most 
important design elements for the living environment 
in Lingnan. During the early settlement process, 
Lingnan’s dwellers let nature take its course and 
improved on their building design according to 
relevant natural principles to adapt to regional climate 
conditions. Learning from their accumulated 
experience of climate adaptation, they constructed 
many buildings with courtyards that proved to be 

outstanding examples of climate-responsive 
architecture. The buildings and their courtyards co-
existed harmoniously with the local environment.  
 

   The book Architecture Without Architects offers the 
most useful perspective on this research topic. This 
book, which was written by Bernard Rudofsky and 
based on an exhibition of the same name at the 
Museum of Modern Art, shows several vivid images of 
vernacular architecture from different countries 
(Rudofsky, 1987). In the exhibition on which the book 
is based, Rudofsky showed many cases of architecture 
built by local people using local materials. These 
examples perfectly illustrate how to build safe and 
comfortable buildings to live in using strategies 
tailored to the local environment. This paper discusses 
the wisdom and richness of vernacular architectural 
culture and its intersection with building technology 
and techniques. It draws lessons from vernacular 
architecture for addressing climate challenges today. 
In the last few decades, numerous scholars have 
conducted research in related areas.  The following 
review distinguishes between studies conducted from 
a morphological and spatial perspective and studies 
conducted from a technical perspective, specifically 
considering the tectonic issues of building materials, 
innovation, etc.  
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  The Lingnan area in South China has a rich cultural 
history and architectural traditions. In traditional 
Lingnan vernacular architecture, we can see the active 
exploration and application of new technology and 
new materials. For instance, Sihan Xue (2016) 
investigated typical Lingnan traditional buildings. He 
found that the morphology and spatial organisation of 
traditional buildings had a great impact on the comfort 
of the living environment. The typical courtyard space 
provided natural ventilation and cooling for those 
living in courtyard houses. The Tsinghua University 
professor Liangyong Wu pointed out that the central 
task of the science of human settlements is to find a 
way to learn from vernacular architecture. From his 
point of view, the protection of urban cultural heritage 
is an important aspect of the construction of human 
settlements. Lingnan’s courtyards are part of the local 
urban heritage. Yuanding Lu in the book Cantonese 
Dwellings (1990) offers an impressive collection of 
examples of vernacular architecture in Guangdong. 
However, this topic still lacks attention from 
quantitative researchers. 
 
 

  Many studies have focused on environmental 
performance simulation, and their results are 
interesting. As technology continues to develop, the 
traditional manual approach to building design is no 
longer appropriate. Scholars have begun to explore 
the use of new technologies and methods to analyse 
traditional vernacular buildings. For example, Chronis 
et al. (2012) used Ecotect and WindSim software to 
digitally transform site and climate data into a live 
building model. This live model helps architects to 
decide on the best approaches to designing 
sustainable architecture. Biradar and Mama (2017) 
mentioned that vernacular architecture, a carrier of 
cultural heritage, plays a significant role in modern 
contexts. They added that high-energy consumption 
tends to happen in high density areas, so the 
development of sustainable buildings in metropolitan 
cities is particularly important.  
 

  In traditional vernacular architecture, courtyards play 
a significant role in environmental thermal comfort. 
Many scholars have researched related areas. For 
instance, Zhai and Previtali (2010) showed that 
different climates have a significant impact on 
traditional vernacular architecture. They pointed out 
that the technologies and techniques of vernacular 
architecture have the potential to improve the energy 
performance of modern buildings. Soflaei et al. (2017) 
researched a typical traditional Iranian courtyard from 
the perspective of thermal performance in hot and 

arid areas. By changing different parameters of the 
typical courtyard using digital software, such as 
entrance size, dimensions, and morphology, the 
scholars collected the data necessary to design the 
most comfortable environment of a typical courtyard 
house. This new method offers a new way to explore 
the development of sustainable buildings.  
 

  With rapid socio-economic development, architects 
and architecture scholars have begun to develop many 
new technologies to create a comfortable 
environment suited to modern high-density cities. The 
wisdom of traditional vernacular architecture has 
great potential in the modern world, as demonstrated 
by scholars focusing on aspects such as heritage, 
space, and memory. However, scholars have largely 
ignored the perspective of advanced technical green 
buildings. Arguably, this technical system and 
mechanism are at the core of modern architecture. To 
fill this critical knowledge gap, my study focuses on 
how the techniques and technologies of vernacular 
architecture can be applied to modern high-density 
cities. There is still a lot more to explore in this area.  
  Based on this literature review, the remaining 
sections of the paper focus on the wisdom and 
technical aspects of traditional vernacular 
architecture, such as the thermal, ventilation, and 
lighting functions of courtyards.  This study explores 
how these mechanisms and properties can be applied 
to create comfortable living environment in today’s 
high-density cities.  
 

  In his book Dwellings: The House Across the World, 
Paul Oliver (2003, p. 136) mentioned that “Courtyard 
houses have an ancient history: examples have been 
excavated at Kahun, in Egypt, which are believed to be 
5000 years old, while the Chaldean City of Ur, dating 
from before 2000 BC, was also comprised [of] houses 
of this form.” As shown in Figure 1 below, Mohammad 
et al.(2012) studied that courtyard houses can indeed 
be found in many regions of the world, with different 
climates and cultures. 

 
Figure 1: Distribution of Courtyard Houses Worldwide 

(image after Vellinga et al, 2007) 
   Historical courtyards worldwide can be categorised 
as a) Chinese, b) West African, c) Middle 
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Eastern/Mediterranean, d) Indian or e) Spanish 
colonial. 
 

  Thermal comfort is the extent to which human beings 
feel mentally and physically comfortable with the 
thermal environment. Air conditioning has enabled 
architects and engineers to design heating, ventilation 
and air conditioning (HVAC) systems to control 
thermal comfort indoors. However, before the 
emergence of air conditioning, the impact of climate 
on human comfort was the result of air temperature, 
humidity, radiation (light and air), and precipitation.   
 

Examining the history of walled villages reveals a 
close relationship between Hong Kong and the 
Zhongyuan civilization during the Han Dynasty.  

During the Tang Dynasty, most of the New 
Territories area in Hong Kong was “slash and burn” 
land. From the beginning of the Northern Song 
dynasty, more residents of central China migrated to 
the New Territories. They established most of the 
settlements in Kam Tin, San Tin, Sheung Shui and Fan 
ling, and they were the forefathers of the New 
Territories’ five major clans, namely Tang (Deng), Hau 
(Hou), Pang (Peng), Liu (Liao) and Man (Wen).  

In 1661–1669, Qing residents moved inland. Many 
were New Territories residents. When the ban was 
lifted, only a small proportion of these people, 
approximately 1,000, returned. Next, the government 
encouraged Hakka people from Guangdong, Jiangxi 
and Fujian to settle in the New Territories. The local 
people in the New Territories were the Punti. The 
Hakka and Punti were the main indigenous inhabitants 
before the leasing of the New Territories.  
          

 
 
 
 
 
 
 
 
 
 

 
Figure 1: Map of Hong Kong Showing Village Location 

(Source: Hugo-Brunt, Micheal, 1924- Walled village of Hong 
Kong) 

  Walled villages in Hong Kong have a few key 
features in common:  
•They were built by settlers during the 17th and 18th 
centuries. 
•They are all constructed from walls and towers. 
•They relied primarily on agriculture and were usually 
located at the centre of a field system 

•They were all built using Fung-shui (‘wind–water’) 
principles. At the entrance to the village, there was 
usually a worship site for the “lord of the soil”. 
•They were originally the foundation of clan 
structures. 
•They were usually very close to water supplies. 
•They were usually built close to small groves of trees 
or other vegetation. 
•They occupied geographically dominant positions on 
high or hilly land. 
 

   Tsang Tai Uk is located at the northeastern foot of 
Lion Rock in the east of the Shatin area, 500 metres 
from the Shing Mun River. 
  Based on historical records, the elevation of the site 
of Tsang Tai Uk was originally low. In the past, the 
village survived several severe floods, especially during 
typhoon seasons. In 1969, as shown in Figure 4, there 
were several fields in front of the village, which 
belonged to the Tsang family and were cultivated by 
family members. However, with the development of 
Shatin New Town, the overall geographic layout, once 
consistent with natural principles, was disrupted. 
  The layout of the traditional village was based on 
Fung-shui principles. The northwest side faced Lion 
Rock and the southeast side faced in the direction of 
the Sha Tin Hoi cove. The overall site orientation was 
based on scientific principles, allowing air to flow 
smoothly and freely through the village. Below are a 
few reasons for the orientation of the buildings:  
 1. Geometric consistency with surroundings. The 
mountain line runs from east to west, and the village 
was built horizontally along these topological lines. 
2. Demonstrating respect for the god of the water by 
facing in the direction of the sea. The Shing Mun River 
was originally reclaimed from the sea, so this is not a 
natural river, but the Sha Tin Sea is natural. 
3. To help protect the village. In the 18th and 19th 
centuries, there was a lot of piracy in this area. The 
village faced the sea and was surrounded by a wall 
with gun holes to protect the families living inside. 
4. Climate-related factors, as shown in Figure 3. 1) 
Maximum sunshine. 2) Summer south wind. 3) Barrier 
to winter cold. 4) Good drainage.  

 
Figure 3: Tsang Tai Uk “Wind–Water” Relationship (drawn by 
author) 
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Figure 4: Tsang Tai Uk in 1969 

(Source: 
https://www.pinterest.com/pin/246149935865975259/) 

  Tectonic analysis of Tsang Tai Uk reveals that the 
village was originally constructed from granite, solid 
timber, locally made solid grey brick from Kak Tin and 
lime mortar. 
  The village was built in three main phases. The first 
phase involved dealing with the natural characteristics 
of the site. Because the site is low lying and swampy, 
with a steep hill behind it, the founder Tsang Koon-
man started construction by building a large square 
platform raised up a few feet from the swampy land, 
on which the village could be safely built. Next, the 
building process took place in two phases. The first of 
these phases involved building walls around the 
central court and the two side courts.  
  This early part of the village had four corner towers, 
which can still be clearly seen on the plan. The first 
phase of construction started with the entrance hall, 
clan meeting hall and ancestral hall, with the two parts 
of the central court on either side of the clan meeting 
hall, the ritual heart of the village. Midway through this 
first phase, the buildings were tiny slip rooms, also 
originally used communally, that opened off both sides 
of the two parts of the central court. The residential 
units in this first phase of construction were small and 
opened from a maze of narrow passages and small 
interconnecting courts. Figure 5, a plan of the village, 
shows that the village was generally poorly lit during 
the first phase. 
  The courtyards constructed in the second phase was 
built to a far more spacious plan than those in the 
earlier phase, making this section of the village far 
lighter and airier. The residential units in this part of 
the village were also far larger, most of them 
comprising several rooms around a tiny private 
courtyard. While some of these units are now sub-
divided, many of the tiny private courtyards and the 
original residential buildings survive (Ng, Wai-tak, 
1978). 

Figure 5: Floor Plan of Tsang Tai Uk (Source: Hugo-Brunt, 
Micheal, 1924- Walled village of Hong Kong) 

 

Figure 6: Tectonic Structure of Tsang Tai Uk (drawn by 
author) 
 

  Based on the previous historical record and analysis, 
Tsang Tai Uk was constructed in two phases. The plan 
analysis in Figure 5 clearly shows the courtyard types 
constructed in these two phases.  
  In the first phase, most of the central spaces were 
clan meeting halls and ancestral halls, which were not 
designed primarily with comfort in mind. Therefore, 
the courtyards were small, designed mainly to allow 
light into the central spaces. In the second phase, the 
courtyard size increased, bringing not only light but 
also fresh air into the central spaces. 
 From a morphological perspective, differently sized 
courtyards and atriums link public and private places 
together to create a comfortable living environment. 
 

 
Figure 5: Plan Analysis – Courtyard and Unit Configuration 

(drawn by author) 
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The walled village of Tsang Tai Uk was built with 
careful consideration of environmental factors. 
Alleyways inside the village allowed for the passage of 
air and the houses were designed to maximise cross 
ventilation. Courtyards provided natural lighting for 
the surrounding rooms and overhanging lanes 
prevented excess heat from entering the interiors.  

Figure 4: Natural Ventilation of Tsang Tai Uk (drawn by 
author) 

Figure 5: Natural Lighting of Tsang Tai Uk (drawn by author) 
 

With the rapid development of the modern city, 
people have forgotten how we used to live alongside 
nature. Today, we work, study and enjoy our leisure 
time in temperature- and humidity-controlled rooms, 
enjoying central heating in the winter and air 
conditioning in the summer. Based on analysis of the 
historical settlement of Tsang Tai Uk, this paper now 
draws conclusions regarding the wisdom of traditional 
architecture.  
 

  From the perspective of geography, the traditional 
buildings at the focal site were designed by settlers 
with nature in mind, conforming to the requirements 
of the natural environment. As nature, its rules and its 
elements are in constant evolution, so too did these 
traditional buildings evolve. Although humans are 
arguably at the centre of nature, there are certain 
restrictions on the value and possibilities of using 
nature; certain practices should even be prohibited to 
protect nature. 
  In the case of Tsang Tai Uk, early settlers chose the 
site location judiciously and dealt with the geographic 
system appropriately. They located their settlement at 
the bottom of Lion Rock Mountain and used the 
mountain’s natural water system for irrigation. They 
adapted to the natural environment and used natural 
principles in combination with the traditional building 
system. 
 
 

   The glass and steel structures of modern architecture 
are not compatible with local climate. Today, HVAC 
systems are in operation all year round.  This is the 
opposite of the natural cooling methods used by 
vernacular architecture, which resist unfavourable 
aspects of the natural climate to form a suitable 
microclimate. This is the most primitive function of 
early architecture. The temporal and spatial 
characteristics of the climate are closely related to the 
stable and unique form of vernacular architecture. 
Vernacular buildings in different regions show 
different spatial forms, structures, layouts and details 
due to their adaptation to different climates. 
 

In the past, there were no official regulations 
governing the construction of residential buildings, as 
there are nowadays. The walled village of Tsang Tai Uk 
is a representative example of vernacular local 
buildings in Hong Kong. Although it was built by the 
Tsang family, it reflects the proportions and rules of 
construction of traditional architecture. Plan, 
elevation and section analysis indicates that craftsmen 
constructed buildings at that time using carpentry 
techniques and tools, including the so-called “Luban 
ruler”, and according to the methods taught by local 
masters. Local carpenters sought to achieve ideal 
forms using a traditional approach to construction.  

Although Chinese vernacular architecture showed 
no significant differences between the western 
influenced era and other periods, it still had a unique 
style. Using local materials and traditional design rules, 
these traditional buildings are the best examples of 
regional culture, such as the Tsang Tai Uk style walled 
villages in Shenzhen, Guangzhou and Jiangxi and 
stylistically similar Hakka buildings in Meizhou, 
Guangzhou (such as Hakka round houses).  

 

   Rural buildings in the New Territories before 1841 
were southern courtyard-style residences in the Pearl 
River Delta region. From the owners who built the 
houses to the carpentry techniques and materials used 
and the styles of the houses, the characteristics of 
these buildings were similar to those in other parts of 
Guangdong. Tsang Tai Uk shows some Western 
influence. Both Eastern and Western business and 
cultural exchange influenced the style of Qing Dynasty 
residential buildings. Businessmen often travelled 
between Guangdong and Xin’an, including the New 
Territories area in Hong Kong. Given this Western 
influence, it is not surprising that Western decorations 
and colours can be found in the local house design. 
   Although Hong Kong was ceded to and colonised by 
the British in 1842, the New Territories were not 
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leased until 1898. Therefore, traditional Chinese 
houses in the New Territories have largely been 
preserved. 
 

  The investigation reported in this paper suggests 
some new directions for future studies. Qualitative 
studies of traditional vernacular architecture have a 
long history, but quantitative studies in this area are 
still scarce. Future studies should collect data on site 
and simulate the traditional buildings under study to 
obtain more scientific insights. 
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ABSTRACT:  
In Syria, the existence of earthen domed houses constructed of mud bricks has been attested for at least 5000 
years. This construction technique which has been perpetuated in the region without discontinuity is currently 
experiencing a painful decline. Only a handful of master masons still have the know-how necessary to build the 
domes. It is therefore to be feared that, after centuries of transmission, the experience and skills of these 
craftsmen will disappear. These specialists knew how to build modest houses which were integrated into their 
environment without harming it. And though heritage should never be the target of any clashes , during the 
conflict which has raged since 2011, the Syrian heritage has been the object of significant destruction, looting, 
and the damage. This is very significant in cities and rural landscapes. Among the objects damaged the most are 
the domed houses. 
This paper discusses the basic architectural details and features of traditional construction system, as well as, 
current threats, the maintenance and future of the domed houses after the war, in addition to the role of rural 
women in rehabilitating and applying traditional techniques and methods. Additionally, it suggests a brief 
documentation and digitalizing for tangible and intangible heritage of rural communities living in domed mud 
houses. The paper proposes documenting and preserving by detailing the tangible heritage damaged by conflict, 
and finally empowering women in the rural society.  

KEYWORDS: Dome-houses, Earthen Villages, vernacular architecture, Endangered Heritage, Syria.  
 

1. INTRODUCTION   
    Dome houses of Northern Syria is a living legacy,  
represent an example of traditional human 
settlement, which is representative of a culture and 
human interaction with the environment especially 
when it has become vulnerable under the impact of 
irreversible change. They  exhibit an important 
interchange of human values, over a span of time, on 
developments in architecture and landscape design. 
With the outbreak of the war in 2011, the local 
indigenous people have suffered human and 
environmental problems, which have had negative 
effects on the site. An emergency action plan must be 
put in action  to stop the extinction of this type of 
heritage and thus the loss of part of the memory and 
identity of a community that extends over more than 
five thousand years, represents a cultural diversity in 
Syrian society and all humanity. This plan must take 
into consideration documenting the consequent 
damages after years of neglect and war, studying the 
architectural characteristics of this kind of Syrian 
cultural heritage, and encouraging the return of its 
indigenous local inhabitants, in addition to helping 
and empowering women who have a fundamental 
role in this rural society. 

2. HISTORICAL REVIEW : 
     The Earthen Villages extend from East of Homs, to 
the south of Aleppo near the Salt Lake of Jabbul, from 

Raqqa on the Euphrates North to the Kobane-Region 
and the Turkish region of Harran. Even close to the 
Syrian Desert, villages like Shaykh Hilal in the East of 
Salamiyya consist of dome houses. Until the turn of 
the 20th century “Dome Houses” (nicknamed 
“beehive” because of their conical, tapered shapes) 
were the typical residential structure in northern 
Syria. They used to represent the rural landscape in 
the suburbs of Aleppo. However, within a century, 
with the beginning of the third millennium, they have 
turned into warehouses or abandoned villages whose 
inhabitants deserted it. 

Figure 1: Location of Aleppo, Syria. 
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Figure 2: Types of vernacular architecture and Dome houses 

in Northern Syria. 

3. ARCHITECTURAL REVIEW,  
     This housing scheme so well combines simplicity 
with elegance and functionality with variety. This is 
an unmechanical, essentially human architecture, 
which suits the landscape and will positively develop 
with time. 
Dwellings were traditionally built by the addition of 
cells or units, according to the financial situation and 
to the need of more rooms. Such cells were called 
Domes. This organic growth of such dwelling was 
characterized by the use of traditional materials and 
unchanging architectural codes. 
Usually, a house or farm consists of multiple domes 
according to the family's capabilities (the minimum is 
a room, a kitchen and a balcony).  
More financially capable families have additional 
rooms for receiving visitors, a kitchen, stables, and 
many barns and warehouses. 
Often the number of domes ranges between 5-8 
domes, and then they are called suspended domes 
(largest house in Syria includes 16 domes). The height 
of the dome ranges from four and a half to seven 
meters. In order to raise it up, the builder creates a 
transitional section between the square of the wall 
and the circle of the dome. 

 
figure 3: Dome houses, a fundamental form of the identity 

of the Syrian people and civilization over time. 

Dome houses vary in size and shape. They are usually 
built of clay, but there are rare domes made of stones 
covered with soil. Depending on the wanted 
ingredient, the type of clay used varies between 
simple, thin or cooked. 

The mud is known by other names such as “cheese” 
or “jableh” is a metaphor for earth mixed with water, 
sand and gravel, with hay and hair. Each house is 
attached to a complete the farm: a chicken coop, a 
stable for horses, a pigeon-tower (an economic 
mission), an outdoor kitchen and an oven for baking 

bread (tanoor), bee wires, a built water well and 
decorative basins of various shapes and sizes. 

4. FEATURES OF TRADITIONAL CONSTRUCTION 
SYSTEM:  
    This type of earthen architecture as a living 
architectural culture has many advantages due to its 
environmental characteristics and positive effect on 
the health of its inhabitants. Designed for the desert 
climate, they allow for the maintenance of 
comfortable microclimatic conditions. The Domes 
keep the heat out in a number of ways. Their thick 
mud brick walls trap in the cool and keep the sun out 
as well (they have very few, if any, windows). The 
high domes also collect the hot air, moving it away 
from the residents sleeping at the bottom of the 
house. 
Inside, with the unbearable heat of Syrian desert in 
July, its high dome serves to collect the hotter air, and 
outside to keep away the rainfall instantly, before the 
brick  absorbs it and crumbles. Its thick roof-cum-wall 
is an excellent low-velocity heat-exchanger, and 
keeps interior temperatures between 24° and 

-to-midnight extremes range 
from 60° to 16°C. 
Furthermore, these structures are very low cost, and 
are compatible with the weak economic situation of 
the locals, who depend mainly on their livestock 
(grazing of sheep) and agriculture in the dry lands. 

5. CURRENT THREATS  
     Earthen heritage villages in northern Syria are 
most extensive and recognized as some of the richest 
Earthen Villages in the Middle East and North Africa 
(MENA). They embody functional, structural, rural 
and urban characteristics that are missing in other 
regions. Also, their importance lies in the impressive 
number of surviving mud brick villages until the 
beginning of the third millennium. Unfortunately,  
these dome homes  are gradually degrading after 
being the architectural model in the region.  
For better understanding of this degradation the 
following question must be answered: What are the 
threats faced? And, what future awaits domed 
houses  in 2021 with ten years of war and still 
counting? 
In fact, mud architecture in northern Syria is facing 
three types of threats:  
The first can be identified in the social changes before 
the crisis that had been taking place in the region 
together with the negative impact of globalisation 
and modernity.  
On the one hand, the sense of shame associated with 
the material is really strong since mud brick is 
considered as a peculiar resource of the poor.  
On the other hand, the need for constant 
maintenance like periodic maintenance after repair, 
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annual maintenance and renewal of sacrificial layers 
are essential tools of conservation of these earthen 
buildings. In today’s world, the absurd lack of interest 
in maintenance is also shared by users- especially 
women- who have certain preconceptions against 
maintenance: the prevailing idea is that building a 
new house from cement is better than repairing a 
historic structure. Therefore, we find them building 
concrete houses adjacent to  mud ones to give them 
a sense of modernity and social superiority. 
The second type of threats is related to the outbreak 
of the war and its consequences and repercussions 
on the local community. With the on-going war in 
Syria, the situation in these villages has become dire. 
The war has caused many violations and 
encroachments on this cultural heritage and the 
society associated with it, including destruction, 
displacement and violations of human rights. 
Migration: As a result of insecurity and the unstable 
situation, many families have migrated out of their 
villages, in order to save their lives, especially those 
located on the lines of fire between the terrorists and 
the Syrian army, so many villages have turned into 
“ghost villages”. 
Syria’s economy has deteriorated, pushing almost 80 
percent of the people below the poverty line, 
according to the Red Cross. Within five years of the 
siege of the city of Aleppo (2012-2016) and the 
destruction of its historical markets, the inhabitants 
of the mud villages lost the popular market of “al-
madina” to sell their products and buy their supplies 
at reasonable prices.   
After years of war, neglect, long abandonment and 
various weather factors, and as a result of the nature 
of the structure of these buildings, many villages have 
turned into steppes and lands covered with weed, 
shrubs, mud and dust; therefore, homes, roads, wells, 
bee-homes, stables and warehouses have absolutely 
lost their character.  
While the third type of problems is related to the 
continuity of the war. 
-Men have  left the country in search for work in 
other places, often as construction workers in 
neighbouring countries (such as Lebanon). There they 
get acquainted with different concepts of housing, 
which will contribute to changing their relationships 
with their traditional homes. These notions leave 
them dissatisfied with their old habitation, which is 
threatening both the tangible and the intangible 
aspects of the local vernacular architecture. 
According to ICOMOS guide, “Places with intangible 
values shall not be subjected to uses and pressures 
that damage or compromise such values”. 
-Building knowledge in vernacular architecture is 
usually transmitted by local traditions and groups of 
technicians, handed down as it is through the 
generations; because of war and displacement the 

new ones who come of age are without any personal 
experience with traditional architecture. They might 
likely not identify with traditional architectural forms 
and spaces in the first place. This constitutes a 
fundamental challenge in the transmission chain of 
traditional knowledge. 
 
6. DIGITALISING AND DOCUMENTING DOME 
HOUSES POST TRAUMA:  
     For the majority of the population, the return is 
linked to a political solution. Therefore, until the 
security situation improves, how can we contribute to 
protecting and preserving this legacy?  
The first step is through documentation of the status 
quo as it is, so that returnees find a database to 
which  they refer upon their return. 
In this context, the digital documentary support plays 
an inevitable role, in addition to the available data to 
highlight the memory of these places. 
In view of the pressing nature of the problems 
represented by the risk of degradation and 
destruction of cultural heritage after war in Syria, the 
undeniable prominence of the relationship between 
digital technologies and cultural heritage has come to 
see light due to the importance given to digitalization 
in the development trajectories, in particular in rural 
landscape, with the aims of promoting knowledge 
and sharing and disseminating history and culture, 
and enhancing the value of cultural heritage. 
In fact, through the use of a photographic on the spot 
or one that could be conducted remotely; and an 
investigation using laser scanner survey systems, we 
participate in building a national archive which could 
be a milestone to building a global database for 
vernacular/traditional architecture in danger. 
Creating digital objects from the physical and 
analogizing originals by means of a scanner, camera, 
or other electronic devices, are undertaken as part of 
a process that includes: selection, assessment, 
inclusion of needs, prioritization, preparation of 
originals for digitization, metadata collection and 
creation, digitization and creation of data collections, 
submission of digital resources to delivery systems 
and repositories. This process is accompanied along 
the way by management, including intellectual 
property rights management, quality control, and, 
finally, evaluation. 
All the above mentioned require the employment of 
a scientific, academic and professional body that may 
be an international institution dealing with vernacular 
architecture, possibly CIAV-ICOMOS!. 
The main aim of digitalizing Dome houses as cultural 
heritage and its urban landscape as natural heritage is 
to realize innovation in 3D modeling through an 
inclusive approach for time-dynamic 3D 
reconstruction of artifacts, buildings, sites and social 
environments, throughout visualization and analysis 
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of 3D H-BIM models of this heritage over time (before, 
through and after the Syrian war). These methods 
and tools will be accessible for all types of users 
(scientists, engineers, authorities and citizens ...). 

 
Figure 4: handcrafted interior décor, Mud houses.             

 
 
 
 

 
Figure 5: Syrian women handcrafts, Dome houses. 

7. DIGITIZATION INTANGIBLE CULTURAL HERITAGE 
(ICH) IN NORTHERN SYRIAN RURAL LANDSCAPE : 
     Accessibility of a digital collection combining the 
intangible cultural heritage is an important goal 
because it can help to raise awareness about forms of 
ICH at the local, national and international levels after 
war. This society in particular is fractured between 
immigrants, internally displaced persons and refugees 
inside and outside Syria, whether in neighbouring 
countries such as Turkey, Lebanon, Jordan and Iraq, 
or in Europe and elsewhere.  This fragmentation and 
disintegration is the main cause of the loss of the 
intangible heritage of this unique traditional society.  
The condition of a site directly influences the integrity 
of its associated intangible cultural heritage. 
Therefore, at the local level, making a collection 
accessible may help to ensure the longevity of certain 
traditions, validate the custom or tradition for this 
traditional community, or even, more  optimistically, 
revitalise a practice that has gone out of use. This is 
especially true if digitized collections become 
accessible on the Internet, where the Syrian 
community can view ICH collections from their own 
region, encouraging  its members to maintain an 
appreciation for their unique customs and traditions. 

It also gives outsiders a chance to see what kinds of 
ICH are present in Northern Syria. Seeing Dome 
houses in their geographic and natural context would 
be helpful in terms of promotion of tourism, which is 
linked to the goals of safeguarding the region. 
Finally intangible and tangible heritage are 
inextricably linked as both are central to a 
community’s connection with place. 
 

 
Figure 6 and significant 

tattoos on rural women faces and hands(©Puett, K).
 

 
Figure 7: Women work on building and maintaining mud 

dome houses (©Kassatly, H). 

8. WOMEN’S ROLE (DOME HOUSES COMMUNITY): 
     The values of such living cultural expressions are 
related to identity, memory and remembrance, belief 
and symbolism, nature and the environment. As well-
known communities are the custodians of their own 
intangible cultural heritage and its use and 
knowledge. Women play the major role in this 
context and they are considered the mainstay of the 
community that lives in this area in the northern 
countryside of Aleppo. They have assumed the 
majority of responsibilities from raising children to 
preparing food, beekeeping, collecting salt from the 
neighbouring sabbkhat and preparing it for sale, also, 
taking into account the simple agricultural work. the 
most important of her tasks is carrying out home and 
stable construction work by preparing the clay and 
converting it into earthen dome houses  suitable for 
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housing and its periodic maintenance. Accordingly, 
any future rehabilitation and preserving project must  
rely on benefiting from the experience of women in 
the processes. 

 

     

 
Figure 8: Dome houses from different mud villages in 

Northern Syria, the levels of damage. 
 
9. RECOMMENDATION AND FINAL REMARKS:  
          Many actions need to be taken in order to 
preserve the Earthen Dome houses, some of which 
are solutions to the complications this architectural 
style has had way before the Syrian war, while others 
are a must so as to face the tragic war consequences 
for the cultural rural Syrian tradition. Some of these 
are: 
- Reconsidering residency at those households 
especially that most of their dwellers have left for the 
suburbs of big cities in and out of Syria and 
acquainted themselves with different architectural 
styles. 
- Attempting to revive this style of buildings and 
construct green houses that can be recycled with 
modest potentials, considering how qualitatively 
different those houses are in terms of sustainability, 
cost efficiency, and sound and heat insulation, what 
makes them perfect for the place of high 
temperature in desert areas in the north of Syria. 
- Working on developing this architectural style to fit 
into the requirements of this age and the 21st 
century lifestyle. 

- The registration on World Heritage List, Mixed Sites 
(Cultural & Natural), on the one hand, for the natural 
richness and diversity this area is famous for, and on 
the other, for the various constructional architectural 
elements. 
-This type of building must be developed to be able to 
meet contemporary needs and requirements. 
- The rehabilitation of Aleppo's historic markets will 
contribute to the revival of economic life in the mud 
villages in the vicinity of Aleppo. 
- The empowerment of women and their vital role at 
all levels, with regard to the fact that women are  the 
pillars of the rural society. 
- Working on offering concessional loans (short, mid, 
and long term loans) for locals to facilitate their 
settling back in their traditional environment. 
- Training the young generation of the desert on the 
building methods and traditional lifestyles, in addition 
to improving their educational level. 
- Attracting architecture and archaeology students 
who are interested in earthen building through 
workshops and training courses to learn building 
techniques with earth, earth bricks, rammed earth, 
claying with earth and limestone (calcium carbonate 
clay), and others. 
By applying the above mentioned proposals, we are 
participating in achieving Sustainable Development 
goals established by the UNDP through its plan for 
the year 2030, which includes 17 goals, especially 
goal number 11 for the  Sustainable cities and local 
communities  

What must be avoided in the post-war phase  
Many mistakes that prevailed before the war in Syria 
need to be avoided. Some of these are the strategies 
and policies that led to unbalanced development 
between the countryside and the city and the failure 
to provide the necessary services for developing the 
countryside, especially those closest to the desert 
than to the vast cities 

10. CONCLUSION 
     Dome houses and earthen architecture in 
Northern Syria is a kind of architecture that so well 
combines simplicity with elegance and functionality 
with variety. It is a fundamental form of the identity 
of the Syrian people and civilization over time 
Understanding of the mix of this community tangible 
and intangible heritage is essential to current 
heritage practice. 
This paper has highlighted the importance of 
vernacular architecture in Northern Syria through its 
tangible and intangible heritage and the importance 
of its digitalizing after the end of the war in Syria 
(2011 till present). Places with intangible values 
should not be subjected to uses and pressures that 
damage or compromise such values.  
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During times of crisis, positive and appropriate 
support to strengthen intangible cultural heritage 
that is under threat should be initiated. Therefore 
communities should be assisted in emergencies and 
post-trauma recovery processes related to their 
intangible cultural heritage at place, such as those 
caused by conflicts or natural disasters, according to 
the current ICOMOS guidance.  
There is a necessity for raising the awareness of the 
intangible values of heritage, which should be 
encouraged by increasing access, respect, and 
appreciation of the younger generation for such 
heritage. 
The project will encourage the original inhabitants of 
the area who left due to the demolition of their 
homes, to go back to their homeland. In my opinion, 
the work should not be confined only to the process 
of rehabilitating the ancient buildings and their urban 
fabric, but must seek to preserve their social fabric 
and the human rights involved.so as not to allow the 
loss of an essential part of the Syrian society’s 
memory which is one of the HRs preserved by the 
United Nation Charter. In short, it is necessary to 
work on two parallel axes: human beings and their 
rights through their own cultural heritage. This 
constitutes a tributary of cultural heritage as a tool to 
promote national peace. 

Building mud houses may be born out of necessity, 
and they may be appreciated as an appropriate 
solution to the inevitable housing crisis. Finally, the 
conservation and valorisation of this heritage can be 
successful only if it becomes once again a “living 
architectural culture”.           
 
 
 
 
 

Figure 9 : The Mud Villages surrounding Sabkhat al-Jabbul, 
near Aleppo City. 
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ABSTRACT: Rammed earth walls, also known as Chunambo walls in Macau, have been protecting the UNESCO 
listed Historic Centre from as early as the 16th Century. The traditional manually built aggregate walls were 
constructed mainly for defence purposes, however, structural and boundary walls also made up many 
architectural fabrics in the city. Owing to the rapid development and sudden influx of population in the popular 
tourism city, many sections of the original Chunambo walls have been destroyed, altered or buried to 
accommodate the extensive demand of new housing estate. Nevertheless, Government-led conservation projects 
and community-based conservation programmes in recent years have warranted promising progress and success 
in the protection of the remaining Chunambo constructions within the city. 
The current investigation mainly focused on the restoration of the remains of the Chunambo wall near Our Lady 
of Penha Chapel, which was the defence wall linking the Penha Hill Fortress and the Nossa Senhora do Bom Parto 
Fortress. The acquisition of the compatible restoration materials, such as local yellow soil, river sand and oyster-
shell powder was difficult, but, the replication of the heritage wooden rammers and the rediscovered of the age-
old compaction techniques were proved to be very challenging. In this article, the final modified Chunambo 
composition as well as the selected compacting methods would be discussed. In addition, previously restored 
Chunambo walls at the Ruins of St. Paul’s and near the St. Francis Fortress were examined to evaluate the 
effectiveness of past restoration methods, materials and techniques.  
 
KEYWORDS: Chunambo, rammers, compaction, fortress, rammed earth 
 
 

1. INTRODUCTION 
Chunambo was a popular building material used to 

construct walls, boundaries and defence barriers in 
Macao as well as the rest of the world. The traditional 
Macanese Chunambo mixture was prepared based on 
a southern Chinese recipe, in which locally obtained 
aggregates such as stones, gravels, crushed ceramic, 
seashells, sand and rice straws which are bound 
together by local soil, slaked stone lime/shell lime, 
glutinous rice flour and brown sugar syrup. Layers of 
the mixture were compacted together with wooden 
hand tools of various shapes and sizes within the pre-
determined shapes of wooden form-work. Initially, the 
earliest defensive wall in Macau was traced back to the 
1569 when most of the forts and defence walls were 
built with granite blocks by the Jesuits.  However, 
many of the earlier defensive construction was 
demolished due to the objection from the Chinese 
government at the time. Until mid-1600s, forts and 
walls were rebuilt again by the Portuguese settler 
along the northern, eastern and western perimeter of 
Macau for the defence of foreign invasion such as the 
Dutch invasions.  Apart from the inner harbour in the 
western side of the city where it is facing China, the 
rest of Macau had become a heavily protected city [1].  

The increased in the volume of defence 
construction during the Portuguese settlement 
created immense strain on the capacity of local stone 

quarries. Chunambo was then used as the 
replacement of the stones and was found to be an 
ideal material for defensive purposes as it could 
absorb considerable force from a cannon shot without 
shattering. It was recorded that some 1,800 pounds of 
dynamite was used to demolish a 130 meters of 
Chunambo wall to make way for the construction of a 
new hospital in the late 19th Century [2]. 

The ruins of the once heavily constructed 
protective system in Macau, although retired from its 
original function, can still be seen scattering around 
the city nowadays. Several forts and their connecting 
walls were lost together with the traditional materials 
and construction techniques to the rapid development 
of the popular tourist destination. Government-led 
conservation and restoration projects have been 
proven successful in the protection of such heritage. 

In the current project, the ruin of one of Macau’s 
oldest defensive walls linking the Penha Hill Fortress 
and the Nossa Senhora do Bomparto Fortress (where 
the original oyster-shell lime kilns and later the 
Bacarro’s foundry were located) was restored using 
traditional Chunambo ingredients and construction 
techniques.  (Fig.1a & 1b).  
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Fig.1a Location of the defensive wall (Old Maps Collection) 
 

 
Fig.1b The defensive wall in question (Old Maps Collection) 

 
1.1 Current Condition of the Ruins 

The many fortresses and defensive walls 
surrounding the peripheral of Macau in the past have 
either deteriorated naturally due to Macau’s hot and 
humid climate, or, being demolished to accommodate 
rapid urban development. However, many sections of 
the military system have been retained and are in 
different state of weathering. The section of the 
Chunambo wall ruins currently under investigation is 
measured around 18 meters in length, 4 meters high 
and 2 meters wide [3]. It was covered with heavy 
vegetation and showed severe surface erosion, 
structural cracks and damaged foundation (Fig. 2). The 
construction of a public park has divided the wall into 
two sections, with the part near the Chapel of Our Lady 
of Penha exposed to weather elements on the hills of 
Penha. The remaining wall, running down the slope of 
the hill, is buried in the hills and barely accessible. The 
aim of the current restoration project is to restore the 
unstable foundation, improve drainage and to create 
a protective but sacrificial Chunambo surface for the 
eroded wall. 
 

 
Fig.2 Section of the Chunambo wall before restoration 
 
2. RESTORATION METHODS 
2.1 Sample Analysis 

Samples obtained from the designated Chunambo 
wall were analysed to elaborate on the original 
composition. However, the lack of local materials due 
to Macau’s rapid development and the loss of 
traditional techniques and workmanship proved to be 
challenging to the conservation team. Nevertheless, 
the soil content of the newly formulated restoration 
Chunambo was deliberately modified. The 5% increase 
in soil content can create a relatively softer outer layer 
for sacrificial purposes (Table 1). Traditional materials 
such as glutinous rice powder, oyster shell lime 
powder and brown sugar syrup were also included 
according to traditional Chunambo practices in 
southern China [4]. Local yellow soil was excavated 
from the hills in the Coloane area in Macau, whereas 
gravels, sand, oyster-shell lime, and other aggregates 
were obtained from nearby Chinese cities. Larger 
stones, seashells and crushed ceramic were also 
included as they were used in the original defensive 
wall for additional strength.  Qualitative testing 
methods are described as follow: 

 Particle Size Test: sieving the original 
Chunambo to evaluate the particle size 
distribution in the sample. 

 Sedimentation Test: By suspending the 
Chunambo components in water to find 
the relative clay content. 

 Drop Test: By squeezing the Chunambo 
mixture into a ball and drop from a height 
of 1 meter and observe the impact state 
of the ball [5]. 

 
Several new Chunambo samples with various soil 

and aggregate combinations were prepared and 
tested for the compatibility with the original 
Chunambo. As a result, the following composition was 
selected as the restoration material: 
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Local Soil Coarse Sand Fine Sand Gravel 
50 10 15 5 

Oyster 
Shell Lime 

Slaked Lime 
Powder 

Glutinous 
Rice Powder 

Brown 
Sugar 

4 10 3 3 
Table 1. New Chunambo Composition (Weight %) 
 
2.2 Construction Methods 

In the current restoration work, wooden form-
work was secured in place against steel structure to 
the original width of the wall foundation after the 
removal of the overgrown shrubs. Lime water (from 
locally slaked lime - 5g/L) was used to saturate the 
original surfaces for better adhesion. Chunambo 
mixture was then loosely placed into the form-work 
(~10cm) and rammed into a compacted layer (~4cm) 
with specially-made wooden rammers (Figs. 3a & 3b). 
Layer by layer, the eroded surfaces of the original 
defensive wall were restored manually and a sacrificial 
Chunambo protective outer surface is formed (Fig.4). 
Stone drainage was also installed along the foundation 
to direct rainwater away from the footing of the wall 
to the nearby waste water system. In addition, the 
foundation of the wall was repaired and reinforced by 
the addition of granite stones and the replacement of 
eroded Chunambo. 

 

    
Fig.3 Process of Chunambo restoration 
 

 
Fig.4 Penha Hill Chunambo wall after restoration 

3. RESULTS AND DISCUSSION 
The restoration of the ruins of the Chunambo 

defensive wall has been challenging as the materials 
used to build the wall was mainly sourced from nearby 
ground. However, such materials are no longer 
available, as the rapid development of the city has 
turned the original earthen ground into today’s urban 
setting. The lack of traditional construction techniques 
and craftsmanship has further increased the 
difficulties in the restoration process. Therefore, the 
preparation of samples with various composition is 
important, as physical characteristics such as water 
absorption/permeability, salt resistant ability as well 
as colour matching can be compared between the old 
and the new materials. The matching process also 
indicated that the correct soil type together with the 
addition of glutinous rice flour and brown sugar syrup 
could provide the Chunambo with effective adhesion 
to the aggregates. In addition, the water content in the 
mixture could directly affect the degree of shrinkage 
and cracking may occur in the final product. Therefore, 
the soil was dried in the air prior to the preparation of 
the Chunambo mixture to avoid excessive moisture, 
and, the water content could be controlled by the 
addition of brown sugar syrup. The inclusion of up to 
15% of stone/shell lime is typical for the stabilization 
of Chunambo constructions in the area [6]. Finally, 
regular inspection of the rammed layers to detect for 
inefficient compaction or other defects is necessary 
and it is an essential quality control measure. 
Unnoticed defects in earlier layers may result in the 
need of total demolition and rebuild of the entire 
surface, which may cause a secondary destruction to 
the wall.  

 
4. PREVIOUS RESTORATION CASES 

Previous restoration projects using the same 
methods have shown significant improvement in the 
protection of the Chunambo surfaces, as well as 
slowing down the weathering of the original materials. 
 
4.1 The Ruins of St. Paul’s - Construction Wall 

The Chunambo walls behind The Ruins of St. Paul’s 
were the original construction walls of the Church of 
St. Paul’s. The original components of these walls 
showed similar composition to that of the walls in 
Penha Hill. However, large aggregates such as stones, 
crushed ceramics and rocks were not present as they 
were not functioned as defensive walls and added 
hardness was not required. The restored Chunambo 
walls behind St. Paul’s Ruin are still in sound condition 
and are well protected by the sacrificial layers. No 
significant weathering was observed in the protective 
Chunambo constructed around 7 years ago except its 
natural aging. The addition of drainage pipes at the 
foundation also improve the integrity of the wall and 
the control of vegetation growth (Fig. 5a &5b). 
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Figs. 5a & 5b Chunambo wall behind The Ruins of St. Paul’s  
(5a: Before restoration, 5b: after restoration) 
 
5. CONCLUSION 

Chunambo has been used to construct buildings 
structures almost everywhere around the world. 
Nearly all of them show different characteristics such 
as colour, surface profile, vapour permeability, salt 
resistant ability and hardness etc. This is due to the 
locally available materials as well as the traditional 
construction techniques based on the native 
environment and the climatic region.  Most of Macau’s 
Chunambo restoration projects are based on 
qualitative and semi-quantitative analysis. Traditional 
Chunambo building techniques were often passed on 
verbally without any official documentation. Hence, 
Scientific research is critical in the understanding of 
the behaviour and characteristics of such versatile and 
sustainable materials. 
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ABSTRACT: The Amur River Basin is located in China ‘s high-altitude and cold border areas. While inheriting the 
characteristics of Chinese traditional building, combined with its unique geographical and climatic environmental 
conditions, the local residential buildings have unique architectural features of cold climate adaptability. 
Outstanding insulation technology has become the main feature of the area and has greatly affected the 
development of modern vernacular architecture. According to the archaeological reports and historical documents, 
this article selects ancient architectural sites from different historical periods as the research focus. Based on 
building restoration, AIRPAK software is used to simulate and analyze the indoor temperature of the building site, 
and to explore the effects of active heating measures such as different forms of hypocaust and passive cold 
protection measures such as different types of wall structures. According to archaeological information and 
experimental data, this paper summarizes the characteristics of cold climate adaptability technology of ancient 
buildings in China's cold border areas over different historical periods. Due to the relatively lagging development 
background of the Amur River Basin in modern times, the construction of its vernacular buildings continued to use 
the traditional low-tech insulation technology of ancient buildings to adapt to the cold environment. Therefore, 
attention and research on insulation technology of ancient buildings can provide a new perspective of architectural 
heritage protection in cold regions. Establishing a development model that combines archaeology and cultural 
heritage protection is an effective way to achieve the goals of architectural cultural heritage research and 
protection. 
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1. TECHNICAL FEATURES OF BUILDING COLD 
CLIMATE ADAPTABILITY. 

As the 10th largest river basin in the world, the 
Amur River Basin (41° - 56° north and 107° - 142° east.) 
is situated in northeastern Asia with a relatively high 
average altitude. Due to its unique geographical 
environment, in the long process of adapting to the 
low temperature climate in cold regions, inhabitants of 
human settlements have made remarkable 
achievements in terms of building cold-adaptability. 
From the macro perspective, basic conditions such as 
geography and environment are one of the important 
factors in the selection of residential addresses for 
urban settlements, in order to strive for favourable 
natural conditions such as good orientation and solar 
radiation. For example, the communities of the 
Sanjiang Plain [1] have an obvious tendency to 
distribute gentle slopes towards the sun. Central cities 
are widely distributed in the basin and plains, and 
relatively closed geographic spaces are chosen to 
avoid the invasion of winter wind fields. Similarly, each 
urban residential unit makes full use of spatial layout, 
reasonable material selection and other measures to 

achieve spatial integrity, (reduce the shape coefficient 
of building) and maintain the thermal insulation of the 
building, thereby achieving comfort in cold climates. 
From the micro perspective, each building unit will 
also use active heating measures such as hypocaust to 
achieve a comfortable indoor thermal environment. 
 
2. PASSIVE INSULATION TECHNOLOGY OF BUILDING 
ENCLOSURE STRUCTURE 

The exterior wall is an important part of the 
building envelope and the most important loadbearing 
and heat transfer component in residential buildings. 
It has a particularly important impact on the service 
life, heating energy consumption, safety and comfort 
of the building. As the main body of the outer 
envelope, the outer wall is exposed to the external 
environment consistently, and accounts for the largest 
proportion of the heat loss of the entire building 
envelope. Therefore, the material and construction of 
the exterior wall are particularly critical. Ancient 
building wall types are mainly divided into stone 
masonry, wood-mixed-grass mud, rammed-earth, 
brick, etc. The exterior walls of the building are the 
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main load-bearing parts, and the wall thickness varies 
from 30-60 cm. These walls have no thermal insulation 
structure, only cement mortar, lime mortar and other 
materials are applied to the outer layer are for thermal 
insulation. 
 
2.1 The Material Construction Method of a Wall 

According to the current archaeological 
information of architectural sites in the ARB, there are 
few sites with defined wall remains. The main types of 
sites include the simple canvas of the tent camp, and 
the yellow mud gravel piled low-wall of the small semi-
crypt buildings, wood-mixed-grass mud wall of large-
scale semi-crypt buildings, timber-plate building walls, 
wooden rammed earth walls, pillar-clad brick walls, 
blue brick masonry walls of large-scale ground 
buildings (Table. 1). 
 
Table 1: The types, examples and material structures of walls 
in Amur River Basin [2-8]. 
 

Building sites Wall 
type Material structure 

The Round House in 
Yanjiagang 

 - Palaeolithic Age 

 Tent 
canvas 

Temporary curtain 
structure made of 

branches and leaves. 

Yinggeling Remains F1 
- Neolithic Age  

Stone 
masonry 

wall 

Masonry stone walls 
filled with mud, 0.25 

meters thickness. 

Fenglin Ancient City 
Remais F23 

 – Early Iron Age 

Wood-
mixed-
grass 
mud 
wall  

Wooden column 
diameter 0.15-0.4 
meters, 0.35-0.65 

meters wall thickness. 

Balhae kingdom 
Palace No.4 Remains  

- Mature Iron Age  

Timber 
plate-

building 
wall 

Wooden column 
diameter 0.15 

meters, 0.3-0.4 
meters wall thickness. 

Jin Dynasty Dehui 
Ruins F6  

-Developed Iron Age 

Pillar-
clad 
brick 
walls  

Brick wall filled with 
soil, 0.6 meters wall 

thickness. 

Western Building Site 
of Jinshangjing City 

- Developed Iron Age 

Brick 
masonry 

walls 

Brick masonry wall 
with sand and mud 

plastering on the 
outside, 0.9 meters 

wall thickness 

Ruins of 
Changbaishan Temple 

 - Jin Dynasty 

Brick 
masonry 

walls 

Brick masonry 
methods are various, 

1.3 meters wall 
thickness 

 
From the early Stone Age to before the semi-crypt 

housing sites, the prevalence of small temporary 
camps used canvas as wall-like maintenance 
structures. Branches and grasses were overlapped to 
form a ventilated and cool environment in summer, 
while in winter, animal skins were used to keep warm. 
And there is a raised berm at the junction of the canvas 

and the ground, which is convenient to prevent the 
penetration of cold wind [9-10]; From the Neolithic 
Age to the Early Iron Age, in the prevalent semi-crypt 
housing typologies, the cave wall and wood-mixed-
grass mud roof were the main maintenance structures 
for the site. The main indoor active surface was below 
the ground level, and the appropriate depth of ground 
reduction was to avoid cold winds. The effective 
method is also conducive to the internal heat 
preservation of the house; In the Balhae Kingdom 
period, the walls of large wooden frame ground 
buildings were mainly made of rammed earth 
materials, including wood-bone plate building walls, 
wood-bone adobe walls, and adobe masonry walls [5]. 
The thermal insulation performance of rammed earth 
walls is usually better than that of simple wood-bone 
mud walls and masonry walls. It is also conducive to 
forming a stable and suitable indoor temperature. In 
the Liao and Jin Dynasties, the ground house sites and 
the walls of large-scale timber-framed buildings were 
pillar-clad brick walls and blue brick masonry walls [6-
8]. Compared with civil-timber composite walls, the 
large-scale application of masonry bricks had reduced 
the insulation ability of the wall maintenance 
structure, which had led to the phenomenon of 
excessive wall thickness data. 

From the early simple tent canvas structure to the 
complex blue brick masonry wall, the wall construction 
technology of ancient buildings in the ARB has been 
constantly changing and progressing. Meeting the 
requirements of structure and function, the 
performance of cold protection and heat preservation 
has always been an important consideration for 
maintaining the structure. Judging from the 
archaeological Information of the current wall 
remains, there are two main ways to maintain wall 
insulation. One is to use the inherent physical 
properties of the material to form a good insulation 
effect, such as animal skin curtains and rammed earth 
walls. The other is to use the construction method of 
maintaining the structure to enhance the thermal 
insulation effect, such as increasing the thickness of 
the wall. The gradual development of wall 
construction technology in different historical periods 
reflects outstanding technological progress. It is 
necessary to think about whether the thermal 
performance of building walls has also been gradually 
improved with the improvement of construction 
technology? Therefore, it is particularly necessary to 
analyze the thermal parameters of wall materials. 
 
2.2 The Thermal Parameters of Wall Materials. 

Based on the archaeological report, analysis of 
the thermal insulation performance of the main 
building materials of different building envelopes 
references from the early Stone Age to the Liao and Jin 
periods. The thermal conductivity, heat transfer 
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resistance, heat transfer coefficient and other 
indicators are used as reference index, and the specific 
structure data in the archaeological reports are used 
for calculation to compare the effects of different 
building materials and construction methods on the 
thermal performance of building walls from various 
historical periods. Table 2 lists the wall materials in 
different historical periods, their thermal conductivity 
and their thickness when used in wall construction. 

 
Table 2: Building Materials Thermal Coefficient Index 

 
The thermal resistance of a single material layer 

can be calculated by dividing the material thickness by 
its thermal conductivity. For example, when Hay is 
used as a building envelope, the thickness is usually 
0.005m, and its thermal resistance can be calculated 
as 0.10 by referring to its thermal conductivity of 0.05 
in Table 2. By analysis, the thermal resistance of each 
material can be calculated: leather is 0.017, rammed 
earth is 0.37, and brick is 0.50. When the wood takes 
the vertical thermal conductivity 0.38, its thermal 
conductivity is 0.39. Cement mortar has been used in 
different periods, with a thickness ranging from 0.02-
0.1m, and the thermal resistance of the structure 
being 0.022-1.0. 

The above is the thermal resistance of each 
material. In reality, the wall is composed of multiple 
layers, and the total thermal resistance is the sum of 
the values of each structural layer. The calculation 
method is as shown in the following Equation (1): 

 
R= R1+R2+…+Rn.                          (1) 

R - The total thermal resistance m2k/w  
Rn -Thermal resistance of single material layer m2k/w  
 

For example, tent canvas is composed of two 
layers of grass and leather. With their thickness as 0.01 
and 0.009 respectively, it can be concluded that the 
thermal resistance is 0.2 and 0.05, which is 0.25. The 
maintenance structure of stone masonry buildings 
from the Neolithic Age to the Early Iron Age consists of 
three layers: 0.28m of rammed earth, 0.05m of yellow 
mud-caulking, and 0.2m-0.8m of stone masonry. The 
total thermal resistance is 0.61 and 1.05 respectively  

The outer wall enclosure structure built with wooden 
rammed earth consists of three layers: 0.15m cement 
plastering surface, 0.15m diameter wooden pillars, 
and 0.15m cement plastering surface. Add the thermal 
resistance of the three layers of the wooden 
maintenance wall to 0.71. The brick wall enclosure 
structure consists of three layers: two layers of 0.15-
0.20m cement plaster and 0.3m-0.9m blue bricks. Two 
layers of 0.15 meters of cement and 0.3 meters of 
bricks give a total wall thickness of 0.6. Similarly, the 
wall thickness in another case is 1.3 meters. It can be 
concluded that the total thermal resistance of the two 
structures is 0.59 and 1.26 respectively. According to 
the above calculation, the total thermal resistance of 
the enclosure structure can be obtained, and the 
corresponding heat transfer coefficient and heat 
transfer resistance can be obtained by Equation 2

 
K=1/ Ro             W/m2K) 
Ro= Ri+R+Re.    m2k/w                (2)  

Ro -Heat transfer resistance of envelope m2k/w  
Ri -Inner surface heat transfer resistance m2k/w  
Re-Outer surface heat transfer resistance m2k/w  
K -Heat transfer coefficient w/m2k  

 
Table 3: Thermal Performance Index of Envelope Building 
Structure 
 

Wall 
structure 

 R 
m2k/w  

Ro 
m2k/w  

K 
W/m2K) 

Tent 
Canvas  0.25(m2k/w) 0.42(m2k/w) 2.5 W/m2·K) 

Stone 
Masonry  

(d=0.25m) 
0.61(m2k/w) 0.76(m2k/w) 1.32 W/m2K) 

Stone 
Masonry  
(d=0.8m) 

1.05(m2k/w) 1.24(m2k/w) 0.8 W/m2K) 

wooden 
Rammed 

Earth  
0.71(m2k/w) 0.86(m2k/w) 1.16 W/m2K) 

Brick 
Masonry 

(d=0.25m) 
0.59(m2k/w) 0.74(m2k/w) 1.35 W/m2K) 

Blue brick 
Masonry  
(d=1.3m) 

1.26(m2k/w) 1.41(m2k/w) 0.71 W/m2K) 

 
Draw Table 3 based on the above data

According to relevant regulations, when the average 
outdoor temperature in cold areas is below 11 degrees 
Celsius, the heat transfer coefficient limit of building 
envelope is 0.52 when the shape coefficient of building 

3, and the heat transfer coefficient of building 
envelope when the building shape coefficient S>0.3, 
the limit value is 0.40. According to Table 3, the 
building of the ancient human settlements exceeds the 

Wall Material Material 
Thickness 

Thermal 
Conductivity 

Hay 0.005m 0.05(W/mK) 
Leather 0.003m 0.18(W/mK) 

Rammed soil 0.28m 0.76(W/mK) 
Wood 

(horizontal) 0.15m 0.17(W/mK) 

Wood 
(vertical) 0.15m 0.38(W/mK) 

Brick  0.55m 1.10(W/mK) 
Stone 0.2m-0.8m 1.28(W/mK) 

Cement 
mortar 0.02m-0.1m 0.93(W/mK) 
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limit value and does not meet the national energy 
conservation standards. 

The thermal resistance of a single material from 
animal skins to bricks has increased from 0.017 to 0.59. 
It shows that as the selection and use of ancient 
building materials tend to be rigorous, building 
materials with larger thermal resistance are selected 
to better meet the requirements. However, it can be 
seen from the heat transfer coefficient data of the 
building envelope that with the advancement of 
building technology and the update of materials, the 
adaptability to cold weather has not steadily 
improved, and even a short-term pushback has 
occurred. 

With the development of building structural 
technology, in order to compensate the inadequacy of 
passive heating measures in terms of site selection, 
building structure and materials, ancient human 
civilizations have further developed active heating 
measures such as hypocaust, fire wall, and chimney. 
Through the effective combination of active heating 
and passive heat preservation, it can meet the 
requirements of human housing for warmth and 
improve the comfort of living. 

 
3.ACTIVE HEATING MEASURES  

The emergence of new measures to prevent cold 
in buildings marks the beginning of the transition from 
passive heat preservation to active heating in ancient 
buildings in the ARB, which further increases the 
indoor temperature of ancient residential buildings in 
winter and improved the overall performance of 
thermal insulation. 
 
3.1 Evolution of Hypocaust Types  

A hypocaust is a system of central heating in a 
building mechanics, and is a common indoor heating 
measure in northern China. However, it is still a highly 
controversial question as to when and where it 
originated [11]. There is an image description of the 
hypocaust called "the soil bed", which means that it is 
constructed of masonry, soil and other materials in the 
room above the ground. The heat of the flue gas flows 
in the flue below to achieve the effect of indoor 
heating. Before the invention of the hypocaust, 
ancient indoor heating methods were scorched 
ground. Large tracts of red-burned soil surface 
appeared in the house ruins at the Banpo site in Xi'an 
indicating that the heating technology of the barbecue 
floor had appeared in the Neolithic period. With the 
emergence of farming and settlement patterns during 
the Han and Wei Dynasties, hypocaust began to 
appear in large numbers of house ruins as a fixed 
heating measure [12]. Judging from the remains in the 
architectural sites of different periods, the forms of 
the ARB are complex and diverse. With the gradual 
development and advancement of structural 

technology, the use of materials and structural styles 
show an increasingly delicate development trend. 

Therefore, the classification of hypocaust is 
extremely critical. It can be classified from two 
aspects: the number of flues and the plane form. 
According to the number of flues, it can be divided into 
single flue type, double flue type, three flue type and 
Multiple flues type; according to the plane shape, it 
can be divided into curved-foot type; rectangular type, 

Table. 4) 
 
Table 4: Hypocaust Shape Classification 
 

Flues and Plane Form Single 
Flue  

Double 
Flue  

Multiple 
Flues  

Curved-foot Type; 

   

 
  

  

Rectangular Type    

Type    

Whole Surface Type -    
 

Referencing several sites, the evolution of the 
hypocaust system is analyzed. The earliest location 
appeared in the lower building site of Dongning Site 
and Fenglin Cultural Site in the Eastern Han Dynasty 
[4]. The site was mostly single-strand chimneys, and 
there were no vertical chimneys. The system was 
connected by the stove location to the flue, and the 
heating efficiency was very low. The construction 
method and system structure of the Balhel Kingdom 
have made great progress. The remains at the 
Longquan Mansion Palace Site show  that the strand 
flue evolves into multiple strand flues [5]. During the 
Liao and Jin Dynasties, the technology became more 
mature. Judging from the remains of hypocaust at the 
Lantoupu site in Dehui [6], it has further evolved into 
multiple flues and vertical chimneys with an enlarged 
size, which can be used for people to lie on, and has 
indoor heating and sleeping functions. The specific site 
information is shown in Table 5.  

Therefore, it is concluded that the evolution process 
of hypocaust is progressing from simple to complex. 
The specific manifestation is the change from single-
strand to double-strand and multiple strands in the 
flue. The plane form changes from I-shape to L-shape, 

 -shape and more complicated styles. Smoke holes 
evolved to vertical chimneys higher than the surface, 
and the construction materials changed from simple 
materials to adobe masonry. The relationship between 
building technology and home location is getting 
better, but still needs to use building technology 
software for further analysis and simulation 
calculations to draw conclusions.
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Table 5 The Hypocaust Relics of Different Period in Amur River Basin [2-12] 

 
3.2 The Thermal Parameters of Hypocaust 

Using the evolution of hypocaust as a reference, 
selecttion the representative type and use of Airpak 
for building simulation restoration and thermal 
performance analysis become easier. Reference F10 at 
Fenglin Site, Balhel State Palace No. 4 Palace (sleeping 

hall) site, and Dehui Lantoubao site F6 as 
representative cases of heating on hypocaust in 
different periods. Based on the archaeological report 
information of each case, the corresponding model is 
drawn in Table 6 for simulation analysis.

 
Table 6 Case Site Plan and Model Diagram [4-6] 

Based on the reasonable restoration of the relics, 
simulations were conducted in Airpak, and set -18 , -
20 , and -22  as the ambient temperature 

conditions of the sleeping hall, F6, and F10 
respectively. The heat transfer model of the house site 
was established through modeling, various parameter 

Type Remain examples 

Single Flue Hypocaust 
of Hanwei period 

   

Dongning Xiaodiying Site F1 F10, Fenglin City Site, F9 of Dongning Tuanjie Site 

Double and multiple 
flue Hypocaust of 
Balhel kingdom 

   

Hailin Xingnong City Site F3 Suibin Tongren Site F1 Longquan Mansion Palace  

Multiple flue 
Hypocaust of Balhel 

Kingdom 
   

Yongping Liaojin Site F4 Suibin Tongren Site F1 Lishu Bakeshu Site F1 

Building Sites  Fenglin F10 of Hanwei Period No. 4 Palace of Bohea Capital Lantoubao F6 of Jin Dynasty 

Site Plan  

            

Model Diagram in 
AIRPAK 
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settings and other steps; and the temperature 
distribution cloud map of the section 0.1m and 1.5m 
above the surface of the fire hypocaust in each 
building site was obtained through simulation 
calculation.  

During the Han and Wei period, hypocaust was a 
single flue L-shaped, with an indoor area of about 17 
square meters. The average indoor temperature was 
mostly concentrated in the range of 2-15  The 
uniformity of temperature distribution is insufficient, 
and the low temperature area near the doorway is 
mostly below 0 . In the Balhel Kingdom period, the 
hypocaust was a compound type with multiple flues. 
The indoor area is about 300 square meters, the area 
ratio of hypocaust to land is about 0.26, and the 
average temperature is mostly concentrated in the 
range of 10-22 . There is no obvious low temperature 
area in the main living space, except for the low 
average temperature of the small room on the north 
side, the overall temperature distribution is relatively 
even  During the Liao-Jin period, hypocaust was a 
multiple flue U-shaped house, with an indoor area of 
165 square meters. The average indoor temperature 
was concentrated in the range of 12-25 , and there 
was no obvious low temperature area. However, there 
was a certain high temperature accumulation 
phenomenon around hypocaust, and the overall 
temperature distribution is relatively uneven.

 

            
a) 0.1m Over Surface             b)1.5m Over Surface 

Table.7 The Indoor Temperature of F10  

 
c)0.1m Over Surface              d)1.5m Over Surface 

Table.8 The Indoor Temperature of No. 4 Palace 

                 
e)0.1m Over Surface              f)1.5m Over Surface 

Table.9 The Indoor Temperature of F6 
 

Generally speaking, from the Han and Wei period 
to the Liao and Jin periods, the heating performance of 
hypocaust in the house has gradually improved. The 
indoor temperature simulation results show that the 
average temperature of the cross-section of the main 
activity height gradually increases, and the 
adaptability of residential buildings to the cold climate 

has gradually strengthened. For small houses like 
Fenglin F10, the uneven distribution of indoor 
temperature was serious but medium-sized houses 
like Lantoupu F6, the indoor high temperature areas 
were relatively concentrated. Temperature 
distribution of the palace in the Kingdom of China was 
more even, with no over-cooling or overheating, and 
the indoor environments were relatively comfortable. 
 
4. CONCLUSION 

In summary, the cold climate adaptability of 
buildings in ABR reflects the wisdom and creativity of 
the ancients. Despite the relatively lagging 
development in modern times, the low-tech forms of 
ancient architecture can still be used and improved 
continuously, and it is still the main cold-protection 
method for vernacular buildings. The use of primitive 
technology to guide modern buildings can expand the 
new perspective of the protection of architectural 
heritage in cold regions for the attention and research 
of cold protection technology in ancient buildings.  
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ABSTRACT: This paper claims that increasing neoliberal forms of governance are found in construction systems in 
Spain. This fact becomes especially problematic when addressing vernacular construction systems. Both policy and 
technological management are becoming more focused on the consolidation of “expert systems”, and less on a 
'different' and particular vernacular system; and thus shaping both mind and action. 
The empirical evidence presented throughout this paper is based on an ethnographic approach in Catalonia, 
allowing a further investigation on the complexity of the most common building systems. 
Material collected from empirical research on local construction vernacular systems shows how the functioning of 
a distinct set of managing 'technologies' - embedded in specific practices such as auditing - is instrumental and 
enables shaping local constructive practices. 
Under the current conditions, even local aspects are deeply penetrated and outlined by social influences generated 
by a great distance between them. This has a significant impact on vernacular building systems, as they have been 
being diluted, when not erased. 
 
KEYWORDS: Neo-liberalism, construction governance, OCT, vernacular building systems, Spain  
 

1. INTRODUCTION  
Governance, understood as a way of explaining the 

establishment and exercise of political power, involves 
the regulation of populations through multiple 
institutions and technologies in society [1]. Originally, 
most studies of governance were generally abstracted 
from actually existing subjects and spaces, and 
therefore not adequately engaging how, and in which 
ways people are constituted and ruled as neoliberal 
subjects through the many «technologies» and 
«assemblages» of power, so brilliantly outlined by the 
theorists [1,2]. However, much progress has already 
been made in this regard. In fact, governance has been 
studied in different society’s field, from managing of 
agro-environments to child minding and education. 
However, the field of architecture is still missing a 
deep analysis on building systems. 

The subject of building systems is not different 
from other research areas, where it is possible to see 
governance taking place, but until now very little 
studies shed light in this specific practice area. That is 
the case of vernacular building systems, which consist 
of a particular type of building systems still requiring 
some research on how governance is happening and 
its consequences.  

In this specific and practical research topic, it is 
very suitable what Rose and Miller [3] stress on the 
relevance of knowledge and expertise on modern 
forms of governance, since this is intrinsically linked to 
the activities of expertise enacting assorted attempts 
at the calculated administration of diverse kinds of 
construction through countless, often competing, 
tactics of education, persuasion, inducement, 
management, incitement, motivation and 

encouragement. In fact, these technologies aim to 
make reality “stable, mobile, comparable, 
combinable”, thereby enabling government to act 
upon it [3]. 

Therefore, neoliberalism is a key-concept to 
understand, as it defines the current era [4]. The main 
focus of Foucault was to discover which kind of 
rationality has been used, since political rationality is 
no neutral knowledge, rather an element of 
government itself that helps creating a discursive field, 
in which exercising power is “rational” [5]. 

However, Foucault rejected crude “capital-logic” 
arguments on socio-economic development and state-
centered accounts, as Foucault’s analyses of discipline 
and governance try to explain the reason for economic 
exploitation and political domination [6]. This takes 
place between political strategies and the activities of 
these authorities in attempts to modulate events, 
decisions and actions in the economy, the family, the 
private firm, and the conduct of an individual [3]. 

This paper attempts to analyse neoliberal 
governance in building systems in Spain through an 
investigation of management technologies applied, 
and its impact on vernacular building systems in 
Catalonia, Spain. 

This paper is structured into 4 sections: Firstly, a 
brief literature review of some recent discussions on 
governance and neo-liberalism is presented, so that it 
is possible to infer what it is happening in the building 
system field. The second section presents 
management technologies applied in building 
systems. In the third section is explained the 
methodology used along the research. The fourth 
section focuses on the analysis of the impact of this 
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management technology in common vernacular 
systems, particularly focusing on the specific case of 
Catalonia (Spain). The main conclusions are presented 
in the final section. 

 
2. CONSTRUCTION GOVERNANCE AND NEO-
LIBERALISM 
Government’s concept is “the regulation of conduct by 
the more or less rational application of the appropriate 
technical means” [7, p.106]. Foucault takes this 
concept in its more original meaning, as conduct, or 
more precisely, as “the conduct of conduct”, and thus 
as a term which ranges from “governing the self” to 
“governing others”. That is to say, his efforts were 
focused on showing how the modern state and the 
autonomous modern individual are entangled and co-
dependent.  
Through the concept of governmentality, Foucault 
related technologies of being with technologies of 
domination. This article aims to use the concept of 
governmentality to relate the construction decisions 
made by architects and other technicians with the 
technologies of domination analysed by the 
philosopher. Thus, showing how these technologies 
also act in the construction activity, since alike other 
areas of human activity they follow the guidelines set 
in the foundations of the formation of the neoliberal 
state. Therefore, governmentality is a “key-notion” [8] 
to understand the path followed by building system in 
the late modern period. 
Governing people is not a way to force people to do 
what the governor wants; it is always a versatile 
equilibrium, with complementarity and conflicts 
between techniques that assure coercion and 
processes, through which the self is constructed or 
modified by himself [9]. Structuring and shaping the 
field of possible action of subjects through a 
heterogeneous array of regulatory practices and 
technologies ends up as a reformulation of how to 
apply coercion or consensus, in which the latter is 
applied from «autonomous» individuals’ capacity for 
self-control [8]. 
Government refers to more or less systemic, regulated 
and reflected modes of power that go beyond the 
spontaneous exercise of power over others, following 
a specific form of reasoning rationality, which defines 
the telos of action or the adequate means to achieve 
it. Therefore, technologies of government refer to 
strategies, techniques and procedures through which 
different authorities seek to enact programmes of 
government in relation to the materials and forces at 
hand, and the resistances and oppositions anticipated 
or encountered [10]. 
Nevertheless, it is important to point out that they are 
not technologies or programmes of government that 
act, but rather the social forces deploying these 
technologies and programmes for their own particular 

purposes [11]. From this perspective, political 
programmes are defined in terms of the underlying 
rationalities that shape their development [12]. In this 
respect it is plausible to suggest that auditing is 
fundamentally an ideologically driven system for 
disciplining and controlling architects, and so on (cf. 
[13]). 
In this regard, neo-liberalism is a core analytics to 
understand the transformations of space and social 
practice that define that current era [4]. Specifically, 
the bounding with the production of neoliberal 
mentalities of rule – particularly attempts to enforce 
market logics to create conditions, in which 
competition can flourish to depoliticize various social 
struggles over resources and rights [14].  
Neo-liberal rationalities consist of a number of 
ideologically coherent political precepts drawn 
together by a fundamental belief in the superiority of 
free market over intervention by the apparatuses of 
state [15]. Therefore, neoliberal forms of governing 
tend to extend market relations into every domain 
[16]. The increasing penetration by market 
instruments, and more broadly the ‘market’, into the 
governing of construction systems is a characteristic 
feature of what is named along this paper as “neo-
liberalization of building systems”. In relation to 
building systems management, market instruments 
may be defined as those initiatives that ‘aim to 
mobilize individual incentives in favour of positive 
outcomes through a careful calculation and 
modulation of costs and benefits associated with 
particular building systems strategies’. 
Neo-liberal forms of governing are typically viewed as 
colonizing the social, through processes of 
marketization, privatization and deregulation, in which 
the state takes a minimal role [17]. However, 
increasing recognition has been given to the role 
played by state agencies in making markets work 
efficiently [18]. Neo-liberal forms of governing enable 
governments to give the appearance of addressing 
safety construction, and at the same time securing the 
conditions for further capitalist accumulation (cf. [19]). 
But until now, little attention has so far been paid to 
the consequences for the neo-liberalization of building 
systems. 
 
2.1 Relevance of neo-liberal governmentality in 
building systems 

The relevance and the potential contribution of the 
concept of neo-liberal governmentality in building 
systems might be clearer regarding three main areas: 

- Concept of “political knowledge”. Foucault seems 
to offer an extremely important and productive way to 
understand the relation between governmental 
practices and territory, namely how space is rendered, 
subject to mathematical modelling and control [20]. It 
steers rather than dictates through processes of 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

164

 

abstraction and simplification [21]. There is more to 
state spatialization, though, than policing or 
repression. It may be more important to look at the 
less dramatic, multiple, mundane domains of 
bureaucratic practice, through which states reproduce 
spatial orders and scalar hierarchies. That is to say, it is 
the ‘know how’ that has promised to make 
government possible [3]. Furthermore, the states are 
not simply functional bureaucratic apparatuses, but 
powerful sites of symbolic and cultural production 
[22]. 

- Concept of market independence from state 
affairs. Foucault pointed out that the power of the 
economy rested on a previous "power economy"; 
since the accumulation of capital implies production 
technologies and forms of work that allow using a 
multitude of human beings in an economically 
profitable way. Foucault located strategy not in actors 
but in dispositive, which, in turn, are the outcome of, 
rather than condition, or determine, dynamics in local 
settings, where a microphysics of power continuously 
creates new relationships between knowledge and the 
exercise of power [21]. 

-Domination and technologies of the self. 
Developing indirect techniques to lead and control 
individuals. Government is the historically matrix that 
articulates all those dreams, schemes, strategies and 
manoeuvres of authorities, seeking to shape the 
beliefs and conduct of others in desired directions, by 
acting upon their will, their circumstances or their 
environment [3]. One key feature of the neoliberal 
rationality is the congruence it endeavours to achieve 
between a responsible and moral individual, and an 
economic-rational individual.  

On the field of building systems, auditing is a key 
instrument of the ‘new public management’, as 
auditing emphasizes the ‘control of control’ through 
its characteristic focus on the effectiveness of expert 
systems, which are “systems of technical 
accomplishment or professional expertise that 
organize large areas of the material and social 
environments in which we live today” [23, p. 27]. 
Therefore, audit management enables the dispersed 
state to function effectively in controlling services to 
an individualized public. 

The task is to draw attention to the social and 
creative processes, through which a state verticality 
becomes effective and authoritative in this particularly 
field of human activity, the building systems, and how 
this affects the use of vernacular building systems.  

Vernacular building systems, until well into 
modernity, has been following the principle of 
tradition anchored to the place. The predominant 
source of their organization and construction was this 
old order of traditional society. Therefore, vernacular 
building systems are a critical field, where these new 
mundane practices often slip below the threshold of 

discourse, but profoundly alter how oriented, and how 
technicians are formed. Newly established systems of 
auditing may have damaged local cultures of first 
order practice. Such a practice-oriented conception 
calls for an ethnographic approach.  
 
3. MANAGEMENT TECHNOLOGIES IN THE 
CONSTRUCTION SYSTEMS FIELD IN SPAIN 
On May 6th 2000 the Spanish Building Ordinance Law 
came into force [24]. Accordingly, the developer 
becomes responsible for the building insurance. 
Therefore, at this time, the audit processes developed 
by the insurers were indirectly established by law. The 
Insurance Companies, most of them grouped in the 
Spanish Union of Insurance and Reinsurance Entities 
(UNESPA), try to develop technical documents 
approximating a real risk assessment, which involve 
the hiring of the only compulsory insurance, the 
Decennial Insurance. 
It may be that a lack of faith in architects and 
technicians related to construction issues has led to 
the creation of industries for overseeing, in order to 
satisfy a demand for signals of order. However, the 
key-point is that ‘any level of risk’ is now considered 
unacceptable; risk must be avoided at all costs [25]. It 
is what Amoore and de Goede [26] named 
precautionary risk, the risk beyond risk’.  
Claim Statistics recognize that 43% of these are due to 
project errors, 30% to poor execution, 15% to material 
defect, 8% to lack of proper maintenance, and the 
remaining claims are due to other factors [27]. Given 
the importance of the risks, the immediate approach 
of the insurance companies was to find the right figure 
to carry out the inspection and expert work, with 
sufficient knowledge, responsibility and independence 
to support their insurance. This was carried out 
through the performance of recognized expert 
technicians [28], and the establishment of a definition 
and control system for the different construction 
processes. It was also needed to create companies 
with the necessary economic solvency that could take 
on this new task. Hence the creation of the so-called 
Technical Control Organizations (OCT). In order to 
subscribe a Ten-Year Insurance, an OCT must be hired, 
which will be in charge of the technical control of the 
work, and of issuing a series of essential reports for the 
insurance and entry into force of the ten-year 
insurance, attending to three points: project control, 
execution control and control of trials. 
The control of the project implies to assess the reason 
for the chosen solutions, the adequate definition for a 
correct execution, the qualities and characteristics of 
the different elements, as well as an adequate and 
correct definition of the budget. The control of the 
execution consists in verifying that it is carried out 
following the definition established in the project, the 
current regulations, as well as the technical knowledge 
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sanctioned by practice. The control of tests verifies the 
follow-up of the quality control plan, and the 
suitability of the tests carried out, as well as the 
request for new ones, if necessary.  
On the other hand, there are three basic criteria to be 
met by OCT technical agents: independence, technical 
expertise and non-biased assessment. Independence 
is guaranteed with the absence of conflicts of interest 
with the works being audited. On the other hand, non 
bias has not yet a specific method of control defined. 
Technical expertise must be accredited, but in Spain it 
is difficult to control due to the official absence of this 
field of activity [28]. This fact has caused to implement 
initially other control processes by the OCT 
themselves, in order to ensure this parameter based 
on the experience of technicians and type of work to 
be audited, and the volume and height of the work, as 
well as the type of terrain and its construction 
characteristics. Behind this, there is the principle that 
regulatory systems rely increasingly upon ‘control of 
control’ [13]. 
OCT is the technology of government implemented in 
the building field, through which political rationalities 
become capable of deployment. In this way, complex 
assemblage of diverse forces comes to be regulated 
with authoritative criteria through mundane 
mechanisms that enable to rule ‘at a distance’. Since 
2000, the auditing of this internal control for self-
checking arrangements has become a growing 
industry (cf. [29]). 
 
4. METHOD 

In the present research, an ethnographic approach 
was used, based on three main elements. On the one 
hand, 63 semi-structured interviews with relevant 
agents, in the context of refurbishment, were 
conducted, specifically with 28 architects, 21 builders, 
and 14 materials distributors, masons, and other 
professionals. The criterion for conducting the 
interviews was the saturation of the sample. In other 
words, interviews were conducted until the answers 
became repetitive.  

On the other hand, participant-observation of 
work sites in Catalonia has been another paramount 
tool. This professional experience allowed a close 
knowledge of the activities of agents. This also 
endorsed a deeper investigation of the complexity of 
the construction solutions commonly used. 

It will be tried to provide a schematic account of 
the interactions between actors and processes 
operating on diverse spatial scales, and the ways in 
which these interactions ultimately crystallize into 
specific ways of building systems.  
 

5. HOW MANAGEMENT TECHNOLOGY (OCT) 
AFFECTS VERNACULAR CONSTRUCTION SYSTEMS 
The area of study is one of the regions of Old Catalonia 
(Catalunya Vella), the Baix Empordà. 

The transformation of the practices in vernacular 
building systems that OCT module can be evidenced by 
analysing three particular building systems of the 
region: the tile vaults, the structural use of ordinary 
masonry walls, and the use of local wood species. 

5.1 Construction of tile vaults 
The traditional tile vault has three defining 
characteristics: construction without formwork, the 
use of gypsum paste as a binder, and the use of brick. 
Traditionally, the execution of the first sheet was the 
most delicate phase, since it required the most 
mastery on the part of the operator. The binding 
material was gypsum due to its rapid setting, a fact of 
vital importance, as it is what made it possible to 
dispense with the formwork in most cases, and the low 
weight of the ceramic piece; and once finished, the 
subsequent layers were folded and carried out, if there 
were any. 

 
Figure 1: Traditional Tile Vault 
 
With the entry of the OCT, the continuation of the use 
of this vernacular constructive system depended on 
the validation through mathematical modelling tools 
of future behaviour in the face of the different 
situations throughout its useful life. Insurers 
demanded the introduction of a concrete layer, which 
would provide the security afforded by a predictive 
mathematical model that is associated to this material. 
Tile vault system, until this moment, was anchored to 
the tradition, one of the legitimate bases of 
management of the actions of community life in the 
past. 
OCT also have become influential agents of change, 
since the way of understanding human progress 
comes to be governed by trust in the scientific-
technical domain, and less consideration is granted to 
the empirical knowledge accrued over time [30]. 
 
5.2 Structural use of ordinary masonry walls. 
The walls traditionally fulfilled two specific functions: 
as a structural element, where the wooden beams or 
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vaults were supported; and as a room divider, exterior 
and interior. As for the fulfilment of the two functions, 
they had, in both cases, the thickness of the walls. 
With the appearance of OCT, in the vernacular 
buildings refurbishment these walls are no longer 
considered to fulfil the structural function, and they 
are relegated only as envelopes, thus introducing new 
structures that ensure the structural function by 
means of the validation of mathematical models 
predictive of future behaviours. 

 
Figure 2: Ordinary Masonry Walls 
 
5.3 Use of local wood species. 
There are a large number of different species of wood 
in the world, around 30,000, but from these only 2,000 
are commercial. Around 150 species are marketed in 
Spain, of which only a few have been determined for 
their structural classification. 
The traditional nearby trees in Baix Empordà, white 
and black poplars, are no longer used in construction. 
Spanish regulations consider black poplar unsuitable 
for structural use, and it is not currently used in the 
beams of the top slabs of buildings. Therefore, it is very 
difficult to build using local woods [31]. The 
commercially supplied wood comes from the wetlands 
of Northern Europe, which are better adapted to 
existing technology for efficient cutting. In this sense, 
the best option is to purchase laminated wood – that 
is, wood cut into small pieces of homogeneous length 
and joined with resins. They cite its higher reliability as 
the reason for its use, since architects are indeed 
constituted through the effects of social forces, this 
does not preclude them from intervening creatively to 
transform social structures (cf. [32]). They also believe 
that the possibility of suffering pathologies caused by 
hygroscopic movements, and the risk of suffering 
biotic attacks are substantially lower. 
It is mainly the predictability factor promoted by the 
OCTs that makes this type of wood more favourable 
over local solid natural wood, with which slabs and 
roof structures in this region are traditionally defined. 
In summary, what lies behind this preference is the 
legitimacy achieved as objectifiers of chance, and this 
implies an ability to reject and dissolve “traditional” 
alternatives [33]. 

Although OCTs must limit their functions to controlling 
and giving their opinion on the ideology of the 
solutions adopted and their execution, OCT for audit 
does eventually force changes in building systems 
practices [33]. These effects end up to be 
systematically documented and fed back into the 
design process, because audits do not operate 
neutrally, and end up having effects on the audited. 
Structuring and shaping the field of possible action of 
architects and technicians ends up without apparently 
any force modulating the “autonomous” individual’s 
capacity for self-control. Eventually, architects and 
technicians change themselves the traditional 
vernacular construction systems to be accepted by 
OCT.  

 
4. CONCLUSION 
Decennial insurance issued by OCT is the main 
governmental technology. This system has led to help 
the dismantling of traditional forms of construction. 
OCT is the dispositive of precautionary risk that 
destabilizes and reshapes the basis of vernacular 
construction systems, since the risk-security complex 
empowers managerial technology to act. Generally, 
liberty and security are viewed as a forming a zero-sum 
game, so measures of security may occasion a 
reduction of technician‘s individual liberty (c.f. [25]) 
since there is a close relationship between risk 
rationalities and ‘targeted governance’ [34].  
Quality assurance programmes require establishing 
objectives, design performance, measures to reflect 
those objectives. Therefore, any possible breach 
involving use of vernacular systems construction 
involves two risks. On the one hand, a high economic 
cost that must be borne by each particular case that 
decides to stray from the beaten path and chooses 
historical local solutions. These must be justified by 
extraordinary trials and tests to ensure the safety and 
durability of the solutions in each specific case. It is 
important to bear in mind that neoliberal forms of 
governing do not take into consideration the existence 
of oligopolies, which compete under unequal 
conditions.  
On the other hand, there is a cost allocated to the 
technician, who assumes the responsibility for not 
using the solutions recommended by the various 
different regulations. In this second case, the difficulty 
is even greater, since as the effectiveness of traditional 
techniques depends on interactions between many 
factors, which must be taken carefully into 
consideration, if the real historical successes are to be 
understood since vernacular architecture up to 
modernity, following the principle of tradition 
anchored to the place, both by the use of materials 
and building systems known in each area. 
Under these conditions, even local aspects are deeply 
penetrated and configured by social influences that 
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have made them quite distant apart. Thus, modes of 
vernacular construction systems have been diluted, if 
not erased, as the neoliberal government, born out 
from the rational-legal system, manage to penetrate 
to some extent the very heart of the most local level 
[31]. Auditing has been introduced as an agency of 
change without a measured consideration of benefits 
and possible dysfunctional effects, since audit and 
related ideas of monitoring are understood uncritically 
behind the paradigm of security as the normal 
technique of government. Thus, it is argued that the 
use of vernacular building systems requires tailored 
policy. 
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Restoration of the person and the buildings of Hassan Fathy  
Natural materials and building conservation 

 
MOHAMED ATTIA TANTAWY , MS.C , LUXOR , EGYPT 

 
ABSTRACT: Working in the field of vernacular architecture in Egypt especially in Hassan Fathy's New Qurna 
restoration project offered me the opportunity to witness the socio- culture transition of perceiving the concept ( 
Traditional architecture ) and what comes after this concept from ( misconceptions and stereotyping ).Hassan 
Fathy’s writings and projects have been discussed and criticised but never re- visualized as in UpToDate 
method,This paper is going to list some of the techniques used in the restoration of New Qourna in Luxor, and 
then it will go through another restoration journey which is related to looking at Hassan Fathy's ideas, design 
and implementation methods. One of the gifts that COVID19 presented to the local community was to give them 
the chance to stop mass production of concrete based buildings and think of their real capabilities, to stress 
more on the touristic image on social media, the reality of culture representation were evaluated in this hard 
time from a side and from another side it gives an opportunity to re brand the local and build the global.  
KEYWORDS: Restoration, neo-vernacular, Hassan Fathy. 

 
1. Non-epistemological approach 
 

One of the common criticisms to Academic 
researches is the idea of “Alienation “. Edward Saied 
describes the Orientalist fantasy that established genre 
of separation between objectivity and subjectivity as 
features of reality and objectivity and subjectivity as 
features of claims. (Saied 1978). With applying this on 
restoration projects we can find that restoration 
concepts are enclosed between two main levels: first 
level is directed to preserve the original physical building 
in its authentic condition, the second and the deeper 
level is to restore the techniques of building 
technologies of the craftsman. In the few past years 
international organizations developed an update to 
direct and indirect restoration methodology within these 
two approaches.  

In every craft there are an embodied value needs 
to be discovered, these collective values are forming 
the cult of the society, and the most familiar impact 
of the orientalist approach in restoration is the 
separation between the craft and the cult. Which 
creating  

Choosing the direction of this paper was leaded 
from the necessity of focusing on merging the craft of 
building with the craftsman, from there we can 
recognize that the work of Hassan Fathy is not 
separated from his believes, motives, tendencies and 
moral political standpoint. you can feel it in every word 
in his writing tone or in the project implementation. 
Therefore, Reading Hassan Fathy from only technical 
point of view is a shallow method, and restoration of his 
buildings without going through the ideas and values is 
superficial . as the paper will show in the attempts of his 
work restoration.  

In the following pages the paper will go through 
the physical restoration works. And afterword’s we 
are going to classify the trials of the architects whom 
adopted his school and some of his values. 

 
2. New Gourna Village:  
2.1 Historical overview of the village.  

New Gourna village is in Luxor on the West Bank 
of the Nile River, within the World Heritage property 
of Ancient Thebes in Egypt. The village was designed 
and built between 1946 and 1952 by Hassan Fathy 
{1900-1989). It was created to shelter the community 
of Old Gourna who had lived above the tombs in the 
ancient cemetery of Thebes and whose relocation 
was considered as a solution to reduce the damages 
to the Tombs of the Pharaonic period. The main 
characteristics of New Gourna village consist of its 
reinterpretation of a traditional urban and 
architectural setting, its appropriate use of local 
materials and techniques, as well as its extraordinary 
sensitivity to climatic problems. It demonstrated, 
within the era of "modern movement" that 
sustainability and social cohesion could also be met 
with vernacular architectures, local materials and 
techniques. For this reason, it is an outstanding 
example of sustainable human settlement and 
appropriate use of technology in architecture and 
planning (UNESCO 2011).  

Exposed in one of the major architectures and 
planning references, Architecture for the Poor: An 
Experiment in Rural Egypt by Hassan Fathy, published 
in 1973 (Fathy 1973), these ideas inspired a new 
generation of architects and planners worldwide 
through an integration of vernacular technology with 
modern architectural principles. Although New 
Gourna is situated inside the boundary of the World 
Heritage Property of Ancient Thebes with its 
Necropolis (inscribed in 1979 on the World Heritage 
List), its outstanding value was not recognised in the 
nomination dossier at the moment of its preparation 
(whc.unesco.org 2010).  

The restoration project was funded through 
the World Monuments Fund and focussed on 
restoration and management. The alteration and 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

175

destruction of original structures and features is 
ongoing. The degraded state of conservation of New 
Gourna becomes evident through the destruction and 
collapse of major buildings due to lack of 
maintenance. Urgent restoration measures are 
needed to stop irreversible changes and loss. 

 
The restoration project was funded through the 

World Monuments Fund and focussed on restoration 
and management. The alteration and destruction of 
original structures and features is ongoing. The 
degraded state of conservation of New Gourna 
becomes evident through the destruction and 
collapse of major buildings due to lack of 
maintenance. Urgent restoration measures are 
needed to stop irreversible changes and loss. 

 
The number of original mud brick houses in 

Hassan Fathy's New Gourna is considerably reduced. 
The few public buildings such as the Khan and the 
market are in danger of collapse and the remaining 
open spaces are more and more encroached upon. 
The lack of infrastructure and maintenance of public 
facilities thus constitutes an important threat to the 
village as well as the ongoing very intense 
construction activity with reinforced concrete pillars 
in inconsistent out-of-scale buildings.(UNESCO 2011).  

 
 
 
 
 
 

 
Figure 1 Time line of restoration project (Author, 2021)   

2.2 Summary of the village deterioration reasons:  
Within the framework of the “Safeguarding project  

of Hassan Fathy’s New Gourna Village”, in view of 
urgently reactivate UNESCO’s initiative to create a 
condition assessment mission conducted on 15-22 
March 2013. Tarek Al-murri the UNESCO consultant 
developed a report showing the main factors for the 
village deterioration (Elmurri 2013):  
 Foundation: Ground and sewage water ( that’s 

increased through the concrete urbanization) 
level that attacks the foundation.  

 Walls: after the foundation decay the walls level 
is gradually became ununiform. 

 Vaults and domes : consequently, most of the 
affected walls created cracks in the vaulted roofs  
and domes in all over the building 

Beside the water level problem, the unbalanced 
urbanization inside the village made another problem 
because these buildings were abandoned, and the 
regular maintenance were stopped for at least 20 
years (Elmurri 2010), leaving the Khan and the 
theatre empty and lake of human occupation 
decreased the humidity of the internal walls and 
then this made the buildings fragile and sensitive to 
seasonal erosion. (Clifton 1977).  
3. Restoration Project methodology:  

 
 
 
 
 
Figure 2 Masterplan of Al Gourna Village (UNESCO mission report)  

In 2008, the World Heritage Committee invited the 
Government of Egypt "to strengthen efforts to restore 
Hassan Fathy's New Gourna village". As a follow up, the 
joint UNESCO/ ICOMOS monitoring mission in May 2009 
to Egypt reiterated the need for urgent measures to 
safeguard and sustain the outstanding architectural 
value of New Gourna. In the same year, during the 
Mediterra 2009 conference (the 1st International 
Mediterranean Conference on Earthen Architecture 
organized by University of Cagliari in March 2009 in 
Cagliari, Italy), experts of earthen architecture turned to 
UNESCO with a petition initiated by the association 
"Save the Heritage of Hassan Fathy" expressing their 
concerns and recommending measures for the 
safeguard of the Gourna Village. To further support the 
petition's call for urgent actions, the association sent a 
letter addressed to the Director of the World Heritage 
Centre in March 2009. (UNESCO 2011) 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Causes of walls decay in New Gourna (Author,2021) 
 
3.1 Socio-economic approaching 

 
This restoration project will be labour intensive, 

requiring a lot of manual labour, which will provide 
employment for no less than 50 individuals from 
Upper Egypt (mainly from the Edfu region). Many of 
these labourers will be skilled and experienced in the 
construction that is mud-brick/adobe building, 
including domes and arches. Although the majority of 
these labourers/restorers are not from the modern 
town surrounding the Hassan Fathy site in New 
Gourna. 
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New Gourna is very much a close-knit community in 
which residents have formed strong networks of 
communication and sharing, from bread- baking to 
money -lending. The tranquillity and safety of the village 
can easily be felt. This community cohesion is due, in 
part, to the trend of extended family members 
remaining within the village after marriage and across 
generations. Shared connections to Old Gourna may 
also be a contributing factor. On the other hand, the 
mind set of working with earth materials has become 
very limited in Luxor. This technique needs a lot of 
patience to be understood and well-practiced. 
 

Working in the Time of COVID delayed the work 
on site, but instead it gave the people opportunity to 
relate with their original assets without the pressure 
of Tourism, this new economical attribute supported 
the work of local community. Especially when they 
had to stay in their houses for long time. 
 
3.2 Methodology of buildings restoration 
 

Hassan Fathy’s world-acclaimed architectural 
heritage stood against the tenets of his time. He 
wanted to return to a traditional type of architecture 
that was affordable for its inhabitants, in harmony 
with their history and natural environment. However, 
The domes and arches witnessed in Hassan Fathy’s 
New Gourna settlement are in fact much more typical 
of the regions further south in the Nile Valley, notably 
Aswan and Nubia. 
 

The Hassan Fathy site is surrounded by cultivated 
fields on the north and east, a vast tract of open 
fields residential buildings to the south, southeast, 
and southwest. The Khan and Theatre, there are two 
general considerations related to the water level :  

- The soil under foundations is clay which is 
affected by ground water and sewage water  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4 Ground water lowering project ( Author 2020 ) 

movement causing settlement under foundation This 
resulted in cracks in the buildings and bad connection 
of walls. 

 
The project started with ground water lowering to 

control its impact on the foundation, this work took a lot 
of effort to build two big wet-lands outside the building 
as it involved constructing two large wetlands outside 
the perimeter of the buildings to contain the extra 
sewage water from the surrounding buildings. 

 
Repair/restoration of standing elements  

For the repair/restoration of relatively small, short 
cracks, simply injecting mortar should be sufficient. For 
longer, but relatively narrow vertical cracks, (palm frond 
fibre) will also be inserted with the mortar as a fill, to tie 
and bind the sides of the cracks. 

 
In the case of larger cracks, it will be necessary to 

enlarge and clean the crack’s edges. Once the edges 
of are cleanly cut, hardwood dowels (olive or acacia 
“atl” the cracks will be insert, in addition to new mud 
bricks and mortar. Repaired cracks are then finished 
with mud plastering finish as known as ( Heiba ) , to 
produce the original colour of the walls.  
Domes and arches  
For domes, it is first necessary to restore the four 
surrounding arches, including the foundations, using 
temporary wooden support, before restoring or  

Figure 5 Underground and surface water treatment around the 
buildings ( Author,2020 )  

rebuilding the squinches and domes. To ensure 
waterproofing of the roofs, vaults or domes, the mud 
plastering finishing ( Heiba ) mix will be poured over a 
layer of olive leaves after the finishing to polish the 
final surface as leaned from some techniques in Siwa 
– Egypt. The wooden original elements in the upper 
floors, doors or windows have rotted or are missing 
entirely. If there are any remaining softwood timbers, 
they should be replaced with hardwood of the same 
shape and dimensions.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Khan building structure analysis ( Author 2020 ) 
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Figure 7 Sketch of the Theatre cracks at walls ( Lotfi Hassan, 2021 )  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12 the Mosque vault cracks ( Lotfi Hassan, 2021 )  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 crack treatment ( Author , 2021 ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 the Vault rebuilding ( Author , 2021 )  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 The Khan arcade treatment ( Lotfi Hassan , 2021 ) Figure 10 The Khan arcade treatment  ( Author , 2021 ) 
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Figure 13 Documentation of Khan arcade elevation sample ( lotfi Hassan , 2020 ) 
 
 
4. Project implementation Plan; Step by Step: 
4. 1 Material and building units: 
 

Before starting restoration, we needed to restore 
the building to its original form, and the first step is to 
restore the building brick and stone unit to match the 
same properties of the Authentic status. The main 
building materials were the Adobe bricks and the 
Stone for foundation. To approve it for building, this 
list of test is important to have guidelines:  

ADOBE Tension test 
BRICKS 

Compression test 

Dissolution 

Shear test 
 

STONE physical and chemical characteristics 

x-ray diffraction ( chemical ) 
 

Mud Jar test 
plaster 

Cigarette test 
  

It was important to check what if the new 
material characteristics will be homogeneous with 
the authentic bricks and stones. Adding materials 
with more stiffness Would harm the existing items. It 
was common in older restoration missions that used 
Cement used in earlier restoration projects had a 
negative effect on the earthen construction.  
 
 
 
 
 
 
 
 
 
 
Figure 15 Adobe bricks and stones dimension before tests 

( Author,2020) 
There was an issue the project faced related to 

the raw material of the basic elements of the Adobe 
bricks which changed as result of the change of the 

 
 

agricultural policies in the area, the original straw of 
Hassan Fathy’s bricks were rare. And instead we had 
to use more light straw from another seed origin.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14 Treatment sample of the wooden elements (Author 2020 )  

4.2 level of intervention 
 

Guidelines to evaluate intervention level :  
 No intervention Just cleaning 

Conservation 
 

Minimum intervention: removing salts or any surface  

 affections 
  

 Soft restoration and consolidation 
  

Restoration 
Restoration through grouting and repointing 
 

 Restoration through mechanical fixation 
  

 Partial reconstruction with original material only 
  

 Partial reconstruction with same material 
  

Conservative 
Total reconstruction with same material with additional 
materials from the site. 

Reconstruction  

 Total reconstruction with alternative material from the 
 site only 
  

Rehabilitant Total reconstruction with alternative material from the 
Reconstruction site with addition to new similar external material 
  

 Total reconstruction with similar external Material 
  



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

179

 
 
 
5. photos for ongoing work:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16 Photos of ongoing process ( Author 2021 ) 
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6. Restoration of the person of Hassan Fathy: 
 

Restoration of Hassan Fathy project is not only in 
New Gourna, There are many restorations of his work 
and designs are happening through physical and 
design models, and also there are many attempts to 
study the work of Hassan Fathy and to generate 
prototypes on 3 main responses levels:  

A. First response: copying the visual elements 
of the buildings like the forms of domes and 
Nubian triangle, without applying any process 
methodology or community engagement. 

 
B. Second response: working in the same 

method of serving the community and public 
benefit projects. beside the application of a 
environmental friendly materials in building. 

 
C. Third response facilitating the core values 

and the keys for the community to rebuild 
their needs. This approach can conclude 
research and innovation open source systems 
to ensure building techniques are up-to-date 
like building with compressed earth blocks. 
which function like adobe bricks but with more 
advanced specifications.  

The following photos showing examples of 
architects who started to work with Hassan Fathy 
methodology:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17 Building for Dr. Adel Fahmy in Fayoum 2015 ( Adel Fahmy 

Facebook page, 2019 )  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 18 Sant Catherine public clinic by Hand Over and 
Ahmed Abdelgawad 2017 ( Rehab Al dalil, 2020 ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 19 Mariam Korashi residential unit in Fayoum 2019 
(Al bait magazine , 2020 )  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20 Mohamed Tantawy ( Author ) community 
school in Gourna - luxor 2021 ( Aithor, 2021) 
 
7. CONCLUSION 
 

One of the fundamental goals of the proposed 
UNESCO initiative is to valorise the pioneering ideas and 
philosophy of Hassan Fathy's work and to reinforce its 
relevance to contemporary sustainability concerns. 
Fathy's tenets derived from humanistic values about the 
connections between people and places and the use of 
traditional knowledge and materials especially the 
exceptional advantages of earth as full-fledged 
construction material. New Gourna was a critical 
experiment in the implementation of that philosophy. 
Thus, the safeguarding of New Gourna is about more 
than just preserving its original design and fabric but 
also about re-communication and learning from this 
experience . 
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Timber Frame buildings in the Czech Republic 
Typology and structure of half-timbered buildings 
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ABSTRACT: This paper concerns the main types and methods used to construct half-timbered structures. As these 
structures can be found in many countries, the research is focused on buildings specific to the Czech Republic. 
With a few exceptions, the half-timbering is documented exclusively on the ground floor and in the gable of 
houses in comparison to western areas. For that reason, the structure and material's combination is 
commonplace in terms of the floor plan and by arrangement in height, including the gable itself. In a simplified 
way, three visual forms of half-timbering are distinguished: fair decorative, structural and covered. The leading 
regions depending on climate and provenance, among other things, are described to be concentrated on these 
visual forms. 

 
KEYWORDS: timber framing, half-timbered buildings, cultural heritage, vernacular architecture 

 
 

1. INTRODUCTION 
The most widely used historical structural 

techniques are undoubtedly the log and beam 
buildings in today's Czech Republic territory. Despite 
this, half-timbered structures prevailed considerably 
in northwestern Bohemia (Map 1). Apart from the 
later Czech-German borderlands, they were also used 
relatively far inland, albeit to a markedly lesser 
extent. There were also substantial differences in 
both structure and appearance. 

 
1.1 Definition 

Half-timbered construction is defined as "building 
construction in which all supporting and bracing 
members are heavy timbers as in the medieval system 
of braced timber framing of a house; to provide 
additional rigidity and better thermal insulation, the 
space between the structural timbers is usually filled 
with brick or filled with plaster, wattle-and-daub, or a 
nogging consisting of clay mixed with chopped straw 
to act as a binder." [1] 

In agreement with the general definition, 
structures are half-timbered when using a load- 
bearing timber frame and infills of panels regardless 
of their material. It usually makes no terminological 
difference in the Czech Republic if half-timbered is 
only part of a building. It is nearly a rule since most 
Bohemian houses combined half-timbering on the 
first floor and gable with the ground floor made of 
beams or masonry later. 

 
1.2 Terminology 

Although "half-timbered" is more often in use, 
there are also other technical terms apart from this, 
e.g. "post and pane" or "post and petrail". [1] 
Together, they appertain to a system of construction 
consisting of "timber framings" in general. 

 
Compared to these English terms or the German 

"das holzfachwerk" or the French "pan de bois" 
(except for “colombage” itself) or the Italian "a 
graficcio" or even the Spanish "entramado", the 
Czech term " " is neither self-explanatory with 
consideration to building material nor structure. 
Unlike these, it is more related to the term enclosure, 
paling or walling. For that matter, it is also used the 
term "  zdivo", id est, frame wall masonry. It 
is partly comparable to the Polish "mur pruski", in 
which the first word is wall while the second is 
Prussian. 

 
1.3 Method and scope 

The classification below was carried out of 
consideration for timber structures in today's Czech 
Republic, half-timbered exclusively. From the 
historical and structural point of view, the European 
context was taken into account. The primary method 
used was field research in the course of the author's 
professional experience. 

 
Map 1: House areas in central Europe (former 
Czechoslovakia) by Václav Mencl, an architecture historian 
\\ West European half-timbered house and its influence 
II Czech and Moravian logs/beams house within the border 
++ Danubeland earthen (and stone) house [2] 
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2. HALF-TIMBERED IN THE CZECH REPUBLIC 
There are mainly half-timbered urban houses and 

homesteads in the Czech Republic from a typology 
point of view. These include primarily represented 
rural dwellings and farm buildings, such as granaries, 
barns and sheds. 

Besides the above mentioned, there are also 
building of production (water mills) and religious 
buildings (chapels, churches) on rare occasions; not 
counting revival styles at the turn of the 19th and 20th 
centuries and later (railway stations, storehouses, spa 
houses, restaurants and others). 

 
2.1 Brief history 

In today's Czech Republic, the half-timbered 
structure's history dated back to the late-Gothic 
period (Fig. 1). It spread out of northwest  Europe 
over states of later Germany (Swabia, Franconia, 
Upper Palatinate, Saxony and others) during the 
Great colonization, also called German colonization 
(Ostsiedlung in German, literally East settling). This 
action was not distributed evenly regarding human 
settlements nor buildings. It was the same as other 
structural innovations because castles, fortified 
houses and burger's houses were among the first. 

Since the turn of the 15th and 16th centuries, the 
earliest half-timbered structures were in northwest 
Bohemia small towns and villages. However, only 
vernacular architecture roughly two centuries later 
remain preserved up to the present. [3] 

 
Figure 1:  group of houses originating from the late- 
Gothic period with the lightweight half-timbered top floor, 
gable and oriel window [Cheb/Eger Urban Reservation, 
Cheb District, Karlovy Vary Region ©  2010] 

This architecture was under west European 
influence and numerous decrees to wood saving 
compared to log/beam buildings. [2] 

 
3. STRUCTURE 

The form of half-timbering structures depended 
on many tangible and intangible factors, especially: 

 climate and provenance 
/ zone, wood, variable load 
/ region, subregion, society 

 setting and decrees 
/ urban, rural, social status 
/ wood saving, anti-fire 

 typology, structure and construction 
/ house, barn, factory, permanent load 
/ building system, statics, timber, dead load 

 infill 
/ solidity, inflammability 

 construction time 
/ sections, decorations, joints, chromaticity 

 condition 
/ ageing process, damage, reconstruction 

 
3.1 Timber framing and joints 
Long stakes driving into the ground close to each 

other were used with no brace at the outset. [2] In  
the late Middle Ages, larger cross-section timbers, lap 
joints and bendable infill generally predominated. 
They could be up to twice as big as timbers that were 
used later. In addition to the reduction of dimensions, 
the spans got larger together with the size of panels. 
The use of lightly-built frame structures was closely 
related to bracing and solid infill later, among other 
things such as craft. At this time, the use of straight 
coniferous softwood already predominated in then 
Bohemia. 

Regarding the timber framework itself, it is served 
as the load-bearing structure. The tectonic function 
was in the first place initially. Later, in connection 
with the previous use of a ladder frame and simple 
diagonal braces, some of them transform into a more 
intricate arrangement, including carving. (Fig. 2) 

 
Figure 2: Enclosed farmstead (vierseithof) No. 15 with half- 
timbered gables of the house from 1856 and granary over 
shed for wagons [Doubrava/Taubrath Rural Reservation, 
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With a few exceptions, the half-timbering was not 
documented on houses' ground floor in today's Czech 
Republic. It remained limited to the first floor and the 
gable, even only to its lower part with attic bedroom 
in some region. In this case, the upper half (Fig. 4) or 
larger part of the gable is timbered of vertical boards 
similar to other areas inland. [2] 

Over here, the half-timbering fades away not only 
from the gables but also the first floor. However, this 
does not fully apply to the far inland where the half- 
timbered first floors were found. [3] In any case, they 
were thoroughly covered under the surface finish. It 
was explained as a manifestation of east European, 
i.e. Slavic feelings compared to west European, 
Germanic. [2,3] At other times, less nationally, for the 
acute shortage of wood in some regions and likewise 
for repeated anti-fire decrees and thermal insulation. 
It was also inseparable from the expansion of 
masonry in the towns and country to pursue an 
advanced appearance tardily. Log/beam buildings 
were plastered for the same reasons at that time. [4] 

 
3.2 List of timber frames and patterns 

There is an overview of the members documented 
in the territory of the Czech Republic below. Some of 
them had to be used, while others could have been 
used in some regions or individual buildings. 

 
The vertical timbers: 

 posts (corners, jambs) (one-floor, two-floor) 
 wall studs (interjacent) 

The horizontal timbers: 
 sill plate / sole plate (bottom) 
 upper plate (top) 
 window sill 
 window header 
 nogging (straight line, stepped line) 

The diagonal timbers: 
 diagonal, sway bracing / or \ 

(single, double) (cross, parallel, skew) 
 chevron bracing – /\ 
 V bracing - \/ 
 X bracing, saltire cross, Andrew's cross - >< 

The gable timbers and patterns, undersill mainly: 
 small X bracing, saltire cross - x 
 rhombus (diamond/lozenge or quadrants) - <> 
 skew checkered bracing 

(45° angle, dense) (approx. 60° angle, sparse) 
 quatrefoil 
 6-or 8-pointed star or sun (based on the cross) 
 baluster 
 ruta graveolens, i. e. herb-of-grace 

 
Combinations of members were commonplace. In the 
case of load-bearing timbers, they created different 
structural figures. These figures could be named and 
had a symbolic meaning, usually related to human 

life. The same applies to decorative patterns 
combined within a single panel or multi-level gable 
with many panels around windows. 

 
3.3 Infill of panels 

As in other countries, there are also several types 
of infills in today's Czech Republic. They seem to be 
determined by time and sources rather than by an 
architectural style except for fair-faced brickwork. 

 
These infills include: 

 wattle and daub (woven horizontal, vertical) 
 stick and daub (installed I, – , / ) 
 mudbrick 
 stone 
 brick 

 
Figure 3: Panel with wattle and daub infill inside the 
orthogonal frame consists of post and nogging pieces 
[Chomutov District, Ústí nad Labem Region ©  2013] 

 
Figure 4: Panels with infill made of the vertical sticks into 
grooves and the coating of daub, the upper part of the 
gable is timbered of boards Knöschitz Village, 
Louny District, Ústí nad Labem Region ©  2020] 

 
3.4 Finishing and chromaticity 

There are also several techniques for finishing or 
covering half-timbered walls, documented both 
exterior and interior. The shutters, windows and 
mouldings can not be omitted, and the different 
types of carving, e. g. chamfer (Fig. 5) 
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Figure 5: Granary of the farmstead No. 24 with half- 
timbering on collar beams, the lower beam is decorated by 
"ogee" curved [Salajna/Konradsgrün Village Heritage Zone, 

 
 

These techniques include: 
 painting (polychrome, monochrome) 

/ timber incl. joints and pegs, infill, both 
/ shutters, windows, mouldings 
/ vermilion, ultramarine, ochre, limewash 
/ flaxseed oil, soot and tallow 

 rendering and plastering (smooth, coarse) 
/ timber, infill, both 
/ mud plaster, lime plaster (render-set) 
/ coarsening (by the fingers, tool, pebbles)[2,4] 

 fair-faced 
/entire wall, i.e. timber and infill (stone, brick) 

 cladding (board, slate, asbestos-cement slate) 
/entire wall 

 
4. MAIN REGIONS 

In the Czech Republic, there are several  
vernacular architecture regions where the half- 
timbering has found the use to a different extent and 
appearance. It can be distinguished the mountains 
and highlands forested until now from the lowlands 
and basins without forest since the Middle Ages. 
There are the Ore Mountains and Elbe Sandstone 
Mountains along the state border, and Lusatian 

 
Map 2: Rural protected conservation areas in the northwest 
Bohemia: PR – reservation (red, darker), PZ – heritage zone 
[Google Maps, www.lidova-architektura.cz [2,9] 

and Šluknov Highlands in hooks of the same names 
with interjacent Lusatian Mountains. Emperor's 
Forest and Central Bohemian Highlands are inland. 
There are basins, such as Egerland, Sokolov, Most and 

án after geomorphology taxonomy, among the 
lowlands. 

 
Table 1: Number of protected rural areas in "half-timbered" 
regions or their northwest part* / total number, an estimate 
of half-timbered protected cultural property by the search 

   query "half-timbered" [www.pamatkovykatalog.cz] [8]  
 

  Region Reservation Zone Monument  
KARLOVY VARY 2/2 8/8 > 40 

ÚSTÍ NAD LABEM 3/3 13/13 > 30 
LIBEREC* 3/8 4/11 > 10 

CENTRAL BOHEMIA* 1/10 0/26 > 10 
   0/5 5/44 > 5  

 
4.1 Cheb Region (Egerland) 

For a long time, a historical region in the far west 
of Bohemia was closely connected to the Holy Roman 
Empire. After the development in Franconia [5], the 
half-timbering acquired its distinctive and fair 
decorative form of gables here in the 18th century. 
However, this was not done nor here without 
timbering. Above the ground floor, whether built of 
logs/beams, stones or bricks later, low timbered walls 
were made. They consisted of a few layers of beams, 
up to 5, and bore the half-timbered first floor, half- 
floor or gable (Fig. 5, 6). These low walls made of 
horizontal beams fulfil the structural function as the 
collar beams on the one hand and serve as attic 
parapet on the other hand. 

 
Figure 6: House No. 1 with tie/collar beams under the half- 
timbering first floor, red-pigmented beams are adorned by 
quatrefoil [Doubrava/Taubrath Rural Reservation, Cheb 

 
 

Saltire (St. Andrews) crosses were commonly used 
in the panels. Derived from them, the motif of 
diamonds, quadrants of rhombus and stars also 
became popular. The number of diagonal elements 
gradually increased and created a skew checkered 
pattern in which both straight and curved members 
were combined in the most decorated examples. 
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Figure 7: Gable of the farmstead No. 1 with the typical 
variety of colour, combining red beams with blue in the 
crossing etc. [Doubrava/Taubrath Rural Reservation, Cheb 

 
 

The timber frame was counterpointed to panels 
by an intensity pigment, often red. Apart from this 
colour, blue or green was used at the beams' 
intersections. The front ends of the collar beams or 
purlins in case of gables were also accentuated. Some 
crossed lap joints were even made with the dowel pin 
colour differentiation and mortise and tenon joints 
later. The same colour could also be used on the 
window frames, ledges, triangular pediments and 
shutters. The collar beams were also decorated with 
diverse motifs in the circle or cartouches. The 
favourite motifs were plants, including flowers with 
leaflets and petals or quatrefoils of clover. (Fig. 5,6,7) 

Similar to the Cheb Region was also vernacular 
architecture in the Sokolov Region, albeit without 
such gaiety of colour. (Fig. 8) 

 
Figure 8: House No. 7 with the half-timbering first floor and 
gable in which the "lying chair" (liegender stuhl) roof truss is 
visible [Královské /Königswerth Village Heritage Zone, 
Sokolov District, Karlovy Vary Region ©  2010] 

 
4.2 Krušné hory Region (Ore Mountains, Erzgebirge) 

A mountain range between Bohemia and Saxony 
in the northwest of the Czech Republic was closely 
connected to mining for a long time. After the 
previous development in the Saxon areas, the half- 

timbering acquired its structural form here since the 
beginning of the 16th century. An orthogonal frame 
formed the structure together with diagonal braces, 
usually the floor's height (Fig. 9) or one half. Braces 
were also used in half-timbered gables, often parallel 
to the rafters. A saltire cross or skew checkered 
pattern could be used in the undersill panels. 

The timbers were often pigmented red, 
corresponding with the colour of brick shape pieces 
or paint coating imitating the architectural elements 
used on masonry buildings at that time. [6] 

 
Figure 9: Burgher house No. 127 dated back to 1754, 
cultural monument and museum nowadays [Horní Blatná/ 
Bergstadt Platten Small Town, Cheb District, Karlovy Vary 

 2012] 
 

Architecture at the Ore Mountain Range's 
foothills was similar to the Ore Mountains Region, 
although there are differences. 

 
Figure 10: House No. 581 with the saltire crosses and curved 
rhombus in undersill panels. Described as a reflection of 
German Renaissance and its connection to Gothic tradition 
through "tracery" etc. [Mlyná e Suburb of atec/Saaz Town, 
Louny District, Ústí nad Labem Region ©  2020] 

 
Regardless of their construction, the  wooden 

walls and gables were often covered with cladding in 
severe mountain regions. Board-and-batten siding 
was decoratively carved with frieze ending (arched 
moulding, ogive or lozenge frieze). (Fig. 11) Roofing 
slate could be used for the same purpose. 
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Figure 11: House No. 9 with the half-timbered first floor 
covered with cladding [Arnoltice/Arnsdorf 

 
 

4.3 Liberec Region (Reichenberger Region) 
A region that shares borders with Germany and 
Poland, in the northernmost part of Bohemia. Around 
this tripoint, Neisse Euroregion was newly founded, 
including historical Upper Lusatia. 

 
Figure 12: House No. 12 with the long two-storey posts 
interconnected ground floor perimeter frame (umgebinde) 
with half-timbered floor [ Weigsdorf Village, Liberec 
District, Liberec Region ©  2019] 

 
The half-timbering is characterized by the archaic 
structure with two-storey posts in the Saxon way. 
These posts could be a part of the ground floor  
frame, also called umgebinde frame, directly from 
German, supporting the first floor and reduce the 
load on the receded ground floor built of beams. The 
frame structure was crucial because horizontally 
placed beams of this floor were loaded across the 
grain and apart from dry more in this direction. [7] 
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Figure 13: House No. 133 with the two-storey post (die 
Ständer), the V struts of groundfloor beam frame are 
identical to braces of half-timbering [Chrastava/Kratzau 
Small Town, Liberec District, Liberec Region ©  2007] 

 
4.4  Region 
A mesoregion in the northwest direction midway the 
Ore Mountains and Prague, early deforested. It 
spread out among Louny, Slaný, Rakovník and 
Town. The usual or even accentuated contrast 
between the timbers and the panels someplace else 
was covered by painting. As a result of repetitive 
limewashing, the constructive half-timbering wall 
turned into a jointless appearance with timber no 
more exposed on the building's exterior. [3] 

 
5. CONCLUSION 

The half-timbered structures in today's Czech 
Republic territory are undoubtedly part of Western 
European influence. They are directly connected to 
Germany's neighbouring areas from both historical 
and structural point of view at that time. Their 
uniqueness does not reside in widespread structures 
themselves, but in the regional features at the 
contact of cultures and techniques first of all. As well 
as destinies were intertwined, the half-timbered 
buildings and buildings made of logs/beams were 
regarding setting or construction itself, including 
gables. For that reason, these are not only an integral 
part of cultural identity but also of wood vernacular 
heritage. 
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ABSTRACT: World cultural heritage records the history of human civilization, but majority of these monuments 
suffer severe deterioration from weathering caused by a combination of physical, chemical and (micro)biological 
forces, including both natural and anthropogenic. Current knowledge on deterioration of sandstone is not only 
scattered, but also isolated and restricted by the specialized disciplines/fields of the investigators, resulting in a 
lack of comprehensive understanding and integrated information on the causes and mechanisms to the damage 
of these temples/monuments. Among these issues, sampling technique needs standardization for comparison of 
results. Microbial colonization under the tropical climate alters the local environmental conditions allowing more 
resistance to fluctuation of thermal change and penetration of rainwater, dissolution of sandstone and mobility 
of solutes from and out of the sandstone. Current investigations focus mainly on the characterization of 
microbiome using Next-generation sequencing (NGS), but such results do not identify the destructive microbes or 
the biochemical processes involved. Microorganisms can contribute in a number of ways to affect the physical and 
chemical properties of sandstone. Two biochemical processes carried out by sulfur-oxidizing bacteria, and 
ammonia-oxidizing archaea (AOA) and bacteria (AOB) have been established to contributing to the damage of 
sandstone through acidity production and dissolution of minerals at these Cambodian monuments. Their 
occurrence has been confirmed with the significantly high abundance and numbers of AOA than AOB. In addition, 
when water is not drained effectively from these temples/monuments for extended period of time, stagnation of 
water forms a small pool, providing moist and water into sandstone nearby and below for long period of time. 
When water pool is reduced by evaporization, the accumulated solutes in water can be transported into sandstone 
by initiation of capillary phenomenon to lead to salting effect. Soluble salts in sandstone can be crystalized under 
further drying conditions to result in defoliation of the outer surface layer from the sandstone structure. Because 
of these, a holistic approach with water as a central theme must be formulated in investigation of the mechanisms 
involved and protection of Angkor sandstone temples and architecture. 
 
KEYWORDS: Angkor temples, Sandstone, Biofilms, Salting, Defoliation  
 
 

1. INTRODUCTION  
Stone world cultural heritage suffers from 

weathering by both abiotic and biological processes 
under natural conditions. Among the biological 
contributors, microorganisms are the most diverse 
and abundant in terms of their community 
composition and diversity in physiology and 
biochemistry [1-4]. Such diversity is evident by the 
biochemical capabilities of the stone-colonizing 
microorganisms and their contribution to the 
biodeterioration of stone. Under tropical climate and 
climate change, microorganisms are important 
contributors to the deterioration and also destruction 
of monuments worldwide, but available and current 
research are mainly focused on the description and 
characterization of the microbial community and 
composition [5,6]. A research paradigm shift is taking 
placed to focus more on the microbial biochemical 
processes that are important and contribute to the 
chemical and biochemical destruction of the stone 

materials to advance knowledge on the mechanisms 
involved [7,8].  

 

 
Figure 1: A SEM micrograph showing the diverse 
microorganisms with different morphologies on surface of 
sandstone taken from Bayon temple in Cambodia. 
 

Microorganisms include archaea, bacteria, fungi, 
and lichens. Some of them, e.g., cyanobacteria and 
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algae can use sunlight to carry out photosynthesis to 
form biomass as autotrophic microorganisms while 
others are heterotrophics by using the available 
organic compounds from the pioneer colonizers or 
deposition of pollutants from atmosphere [1]. They 
form a microlayer of their biomass consisting of 
diverse morphological and physiological types, 
collectively called biofilms on stone (Fig. 1). Because of 
such physiological division, the phototrophic ones are 
likely the initial colonizers on freshly cut stone to 
change the physical and chemical properties of the 
stone. They also cause changes in stone colours in 
appearance (Fig. 2). This biolayer on the stone can 
have a protective effect by regulation thermal and 
water sorption into and out of the stone depending on 
the ambient environmental conditions of wet and rain 
or drying. The biofilm will eventually damage the 
substratum materials by their metabolites and also 
their activities to affect the local physiological 
conditions, especially pH, CO2 release and water 
availability [1,8]. Many metabolites in the biofilms can 
form complex with cations in minerals of stone to 
dissolve the minerals and increase salt contents on 
stone surfaces. Because of this, stone microbiome is 
characterized by halophiles, salts-loving microbial 
species. 

 
Figure 2: Photographs of Angkor Wat (a) and the 
characteristic ‘Khmer Smile’ on the towers of Bayon (b) in 
Cambodia. 
 

The objectives of this article are to offer our views 
and comments on the changes of research focus from 
a microbial community-based approach using the 
available DNA-based techniques to achieve genomics 

and transcriptomics of the microbiome on surfaces of 
heritage to a new biochemical based approach for 
research. The latter can offer the biochemical 
mechanisms and reactions involved on stone cultural 
heritage so that further protection and management 
can be postulated accordingly to serve the purpose of 
conservation better.  
 
2. MICROBIOME OF STONE 

Cultural heritages are covered with 
microorganisms and plants depending on the material 
types of architecture, location and climate conditions 
[1,9]. Among the environmental factors, available 
water or humidity is the most crucial one dictating the 
initial establishment and advancement of biofilms 
[1,10]. Different microorganisms are known on the 
surfaces of stone monuments from Mayan to Angkor 
monuments, and autotrophic ones proceed 
heterotrophic ones as a general pattern. Heritage 
microbiology research has gone through at least 3 
phases based on the analytical techniques used for 
investigating the surface microbiota: 1) initial 
observation and isolation of cultural microorganisms, 
2) culture-independent analysis of the surface 
microbiome using a range of DNA-based techniques 
from polymerase chain reaction (PCR) and clone 
libraries to the currently Next-generation sequencing 
(NGS) for genomics and transcriptomics, and 3) the 
current functional analysis of the microbiome to reveal 
the biochemical reactions and mechanisms involved 
[11].  
 
2.1 Sampling and methodology  

One of the first requirements for any cultural 
heritage research on microbiology is the 
implementation of the appropriate sampling methods 
for efficient collecting of quality samples for the 
further analysis to be conducted, but at the same time 
there shall be no obvious damage to the cultural 
heritage. This critical issue has been addressed by 
different groups with various approaches by different 
laboratories, including swabs of the surface materials, 
physical removal and collection of materials, to an 
adhesive taping method that allow sampling a specific 
area with as many times as one wish so that the results 
provide a spatial distribution information of the 
microorganisms sampled [5,11,12]. This method is 
gaining an increasing acceptance for its convenience 
and effective capturing loosely attached surface 
materials. 
 
2.2 Microbial community 

Microorganisms on heritage monuments are most 
in their dormant or non-culturable state with the 
currently available culturing techniques. At the early 
stage of heritage microbiology research, results on 
description of microorganisms on surfaces and the few 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

192

 

isolated and identified ones are biased to represent 
the indigenous microbial community and also the non-
culturable genera and species [13]. After the 
introduction of DNA-based molecular technique with 
high sensitivity and amplifying nature of the sample 
template DNA, a leap of information had been 
achieved with a much higher diversity of the microbial 
community detected [8,11,13]. Since the molecular 
techniques have been improved from the initial PCR 
amplification of the bacterial 16S rRNA gene and then 
denaturing gradient gel electrophoresis (DGGE) to 
high-throughput sequencing to the currently NGS. It is 
true that a better understanding and knowledge of the 
stone colonizing microbial community are available 
readily, but the general results are very similar from a 
wide range of samples and locations [4-7,14]. The 
major groups of microorganisms detected are mainly 
Proteobacteria, Actinobacteria, Firmicutes, 
Cyanobacteria, Bacteroidetes, which do not offer 
anything specific information of significance on the 
mechanisms or identification of the harmful ones from 
the general population [11]. Such results cannot offer 
a solid basis of information for future management 
and protection. Because of this, the comprehensive 
description on the molecular level of samples has a 
very serious pitfall similar to the early stage 
description by observation, but the differences 
between the two are the powers of in-depth 
information for the richness of the microbiota. 

This drawback of the current sequences-based 
description of microbial community is also evident on 
the lack of results about the fungi and archaea on the 
stone surface niches of cultural heritage. Both fungi 
and archaea are recently reported to be recognized 
members of the sandstone surface community and 
contribute to different biochemical processes, which 
are associated with deterioration of sandstone 
materials [15]. Fungal species isolated from Angkor 
monuments are associated with the biofilm on 
monuments for degradation, and Aspergillus species 
and Fusarium species are responsible for oxidation of 
elemental S and sulfur compounds [16,17]. These 
results demonstrate that further investigations on the 
biochemical function of surface-colonizing fungi can 
reveal useful information on the biochemical reactions 
by them and also their contributions to the 
mechanisms of stone destruction through their 
metabolic activity.  

In addition to these above, archaea are gaining 
momentum in research recently because many of 
them are becoming known using the NGS, but fewer of 
them are isolated and cultured in laboratories [18,19]. 
Because of this, more further efforts must be placed to 
this group of microorganisms to advance the current 
knowledge. Available research data are directing to 
the dominance of ammonia-oxidizing archaea (AOA) 
for production of nitrate and also acidity to attack the 

stone and minerals [20,21]. This biochemical process 
of ammonia oxidation or nitrification had been known 
for more than 100 years for being carried out by AOB 
prior to the discovery of the first AOA in 2005. 
Surprisingly, a re-analysis of contributors to ammonia 
oxidation has revealed that many ecological niches are 
actually dominated by AOA for ammonia oxidation, 
therefore the early understanding without AOA needs 
to be re-visited and re-evaluated to confirm the 
dominant contributors. 
 
3. BIOCHEMICAL FUCNTION AND PROCESSES 

Microbial community is only part of the basic 
information to a comprehensive understanding of the 
overall reaction processes for the destruction of 
cultural heritage for our knowledge and also for 
protection and management. As stated above, 
heritage microbiology research has been focused 
mostly on the cultural microorganisms first, and then 
an overall description of the surface colonized 
microbial community due to the available DNA-based 
techniques at the different time periods. Recently, the 
paradigm of research on this topic has been shifting to 
a functional and biochemical orientated approach so 
that a direct linkage between the active 
microorganisms and their biochemical reaction can be 
established for the mechanisms of destruction 
(bio)chemically or chemically [11,15]. The most 
important information on this new trend for a better 
understanding is that major elements, including 
carbon (C), nitrogen (N) and sulfur (S) essential to the 
growth, physiology and biochemistry of 
microorganisms are focused than the overall 
community alone without differentiation of the 
community members (Fig. 3). 
 

 
Figure 3: An illustration of the new research focal points on 
major biochemical C, N and S cycles on cultural heritage.  
 
3.1 Carbon 

Initial colonization of fresh surfaces of stone by 
natural population of microorganisms is mainly driven 
by phototrophic groups of cyanobacteria and algae 
when moisture or available water is present, such as 
under tropical climate and the climate change 
scenario. These microorganisms use solar energy to 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

193

 

fuel the assimilation of CO2 from air and in water to 
produce biomass using the rich mineral nutrients 
available from stone [1,9,15]. Their growth and 
physiology alter the stone surface properties, e.g., for 
protection in early stage and then destruction in later 
stage due to the dynamics of biofilms and the available 
organic carbon on surfaces. In addition to these, the 
successful development of this phototrophic 
community paves the way for initiation of an active 
heterotrophic members to develop on the stone 
surfaces by utilizing the biomass produced by the 
pioneer colonizers. This initial step of colonization is 
crucial to the subsequent development of 
physiologically different microorganisms to participate 
in the microbiome of stone surfaces and for 
diversification of the microbial community on 
surfaces. Initial biofilms also have a positive effect on 
sequestration of atmospheric pollutants onto surfaces 
to promote a new dimension of pollutants-degrading 
microorganisms. 

 
3.2 Nitrogen 

Nitrogen is fundamental to all life forms, and is 
inert for the large quantities in the atmosphere. 
Inorganic N has been produced on industrial scale and 
also released by decomposition of N-containing 
compounds in biomass or wastes. Because of the 
heavy application of N fertilizer in agriculture and no 
more than 30% of them can be utilized by crops, a 
significant proportion of the fertilizer N ends up in the 
atmosphere via volatilization of ammonia, which is 
deposited back to land after condensation in water 
droplets or rain, including cultural heritage. A 
significant input of this N onto cultural heritage cannot 
be ignored and the ammonia, after deposition, can be 
oxidized by the surface microbiome, especially AOA 
[20,21], to produce nitrate and acidity (1), which 
attack the stone minerals by dissolution and then 
salting attack to cause major damage of the stone and 
architecture.  

 
NH3 + O2  NO3- + H+   (1) 
 
AOA has been detected at several Angkor 

monuments in Cambodia and the activity of AOA is far 
higher than AOB at these sites, Bayon, Phnom Krom, 
Wat Athvea and Preah Vihear [7,20,21]. This 
information agrees with the accumulation of nitrate 
on the sandstone detected previously, while the 
nitrate removal by denitrifying or Anammox is 
relatively weak to result in a net accumulation of 
nitrate several orders of magnitude higher than 
ammonia concentration [7].  

It is also interesting to note that a major new 
development has been made on this subject recently 
with new results supporting an active community for 
ammonia oxidation as one and dissimilatory nitrate 

reduction to ammonia (DNRA) as another [7,15], 
which illuminates a new internal N cycle between 
ammonia and nitrate to support an active population 
of AOA and, to a less extent, AOB and Comammox, and 
DNRA on cultural heritage. Removal of nitrate by 
denitrification and Anammox processes is not 
significant to reduce nitrate to nitrogen gas into the 
atmosphere to completely remove the reactive N from 
the stone [7]. All these new evidences indicate that 
new knowledge is awaiting to be further revealed on 
cultural heritage. 

 
3.2 Sulfur 

 Similar to N in a large extent because of its 
biological significance and importance to life, element 
S is also actively transformed by both aerobic and 
anaerobic microorganisms on the stone surface 
community via oxidation and reduction reactions (2-
4): 

 
S0 + O2  SO42- + H+  (2) 
SO42-  H2S    (3)  
H2S   S0  SO42-  (4) 
 
It is apparent that oxidation of S0 and H2S produces 

sulfate under aerobic conditions, which is mobile and 
can be reduced to H2S under anaerobic conditions and 
S0 again under aerobic condition, and, most 
importantly, also acidity, similar to ammonia oxidation 
by AOA. The cyclic nature of such reactions in an 
enclosed niche, such as biofilms, would promote 
significant destruction of the inorganic substratum 
stone over time. Sulfur and sulfur oxides are also 
anthropogenic pollutants from combustion and coal 
burning, deposition of elemental or inorganic S 
species, including sulfuric acid, are known, so outdoor 
cultural heritage also receives S deposition. S and its 
compounds are not limited on stone to the 
microbiome. 

 
4. MECHANISMS 

The natural material stone is subject to weathering 
by physical, chemical and biological processes. Among 
these different types of reactions, microbial driven 
ones are mostly associated with the biochemical 
reactions of major elements as discussed above, and 
products produced by the responsible microorganisms 
during metabolism, from bacteria, fungi to archaea are 
also shown above. To generalize, reactions producing 
acidity are the most significant ones, namely 
ammonia-oxidation, sulfur oxidation and these 
reactions are supported by other reactions to supply 
the substrates needed for continuous biochemical 
reactions and the activity of the responsible 
microorganisms. In addition to these, other factors can 
enhance these reactions by anthropogenic pollution 
and climate change to alter the natural conditions by 
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drought or rain, and temperature increase [15]. These 
scenarios need to be carefully analyzed for the long-
term objectives of cultural heritage protection and 
management. 

 

 
Figure 4: The two processes of elimination by washing away 
and accumulation by siphon into stone under wet and dry 
conditions due to availability of water. 
 

Stone contains different minerals which are 
variable in their reactivities to acid and water 
solubilization. Calcite can be dissolved especially when 
the surrounding environment is acidic, higher 
respiration by the active colonizing microorganisms 
and plants roots. Such dissolution of one constituent 
in stone will result in the disintegration of the other 
constituents, especially in sandstone, a sedimentary 
stone material. Microbial biofilm on surface alters the 
water movement and increases the retention of water 
so stone becomes moist for longer period of time than 
the bare ones (Fig. 4). This also prolongs the attack to 
the stone by the colonizing microbial groups and their 
metabolic activity, especially anaerobic reactions. 

Stone disintegration is a combination result of 
biological reactions, and physical and chemical 
processes acting synergistically to the visible attack 
and delamination or peel off of the surface layer. 
Under the active biochemical reactions supported by 
N and S cycling, water movement and salting effects 
are both important to the physical attack of stone, 
especially internally. Under wet or rain, water 
penetrates into the stone to mobilize soluble salt 
species and they may be washed out of the stone with 
more water available, but, while under drying 
conditions, salts are concentrated and then crystalized 
to increase the internal mechanical stress to the 
natural stone materials (Fig. 4). Under such condition 
with an increasing stress, cracks will be formed and 
such stress can propagate and transfer further to the 
surface layer to result in breakage and peel off of the 
weak portion. At the same time under drying 
conditions, surrounding water containing salts can be 
siphoned into stone and concentrated and crystalized 
as described above to cause damage to stone. The 
external sources of salts have much great destruction 
to stone because of the quantities of salts that can be 

accumulated into the stone and also cyclic nature from 
rain and drying year round, especially under the 
tropical climate of Cambodia. 
 

 
Figure 5: Surface damage of sandstone column at Bayon 
temple of Cambodia. 

 
Water cycle is a critical factor [10], its action can be 

enhanced when microbial processes participate to 
further amplification of the effects by enhancing 
dissolution of minerals. In addition, siphon 
phenomenon is another important factor when water 
is not diverted effected from cultural heritage site, so 
that such pool of water containing high contents of 
salts can move into the sandstone and then crystalized 
inside to cause mechanical stress by expansion to 
initiate cracks and delamination (Fig. 5). This suggest 
that effective protection of cultural heritage is to allow 
natural water cycle to be carry out without blockage or 
accumulation on and near cultural heritage as one 
management practice. 
 
5. CONCLUSION 

Cultural heritage microbiology is indispensable to 
the understanding of the mechanism and processes 
involved during biodeterioration of stone and 
sandstone. Microbiological techniques have been 
revolutionized with the DNA-based Next-generation 
sequencing for genomics and Transcriptomics. These 
new technologies yield community information in 
great depth, but they do not identify the destructive 
microbial groups or members from the community. As 
a result, the sequencing results are similar for a wide 
range of samples from different sites and different 
locations. We would like to point out that a functional 
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approach to the heritage microbiological research is 
more effective in obtaining the results on the microbial 
groups and also their biochemical reactions for stone 
destruction. More newly reported results also support 
this new initiative in research for protection and 
management of world cultural heritage.  
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ABSTRACT: Log timber houses have been a dominant building tradition in Scandinavia with perspective on the past 
1000 years. In the last century however this wooden mass wall construction technique and its embedded 
traditional knowledge has been marginalized, and to a large extent outcompeted by modern insulated framework 
and concrete construction. A heritage of knowing, building and dwelling has been left behind without advocacy or 
coherent assessment, for what reason the sustainable qualities of the log timber building is not measured or 
developed according to the contemporary norms of construction. There are great potentials in vernacular 
knowledge systems and adapting traditional log timber techniques for future sustainable construction. 

KEYWORDS: Log timber technique, vernacular timber building, traditional knowledge, sustainable building,
regenerative buildings

1. INTRODUCTION  
     This paper presents the theoretical foundation and 
approach in an ongoing research project aiming to 
review the Swedish vernacular heritage of log timber 
buildings and investigate how traditional techniques 
and knowledge systems may contribute to 
contemporary regenerative building/housing. The 
anticipated results are firstly a catalogue of traditional 
practices for adapted use in regenerative building 
today; and secondly a coherent methodology to 
measure and assess the reinforcing impact on climate 
and biodiversity of adapted traditional log timber 
building knowledge. We will point out relevant 
perspectives and possible understandings of 
traditional craft knowledge and dwellings that can be 
used in the transformation into a thriving future.    
The anticipated results include a catalogue of good 
practices with clarifications and assessments of what 
is required to bring the use of log timber techniques 
into modern building construction practice. 
     Today humanity faces a manmade climate crisis of 
proportions hard to grasp [1]. The United Nations 
Secretary-General, António Guterres, stated in his 
speech for the Leaders Forum at Columbia University 
in December 2020 that “Our planet is broken. 
Humanity is waging war on nature. This is suicidal.” [2]. 
Humanity has to reduce our emissions of carbon 
dioxide by 50% by 2050 [3]. This means that we today 
have to choose a “low energy path” even though we 
still have fossil energy supplies. This notion of a need 
to return to frugality is setting the agenda for how we 
need to transform the building sector into something 
that has a holistically positive impact contributing to 
the reduction of greenhouse gases in the atmosphere. 
Here, the skills from the past, adapted for a low-energy 
society, have an important role to play in sharing 

experience of performing under conditions of scarcity 
and simultaneously treading lightly on our Earth. 
These are all skills we need to relearn to both adapt to 
and mitigate the multitude of crises we are currently 
facing. 
 
2. CLIMATE CRISES AND THE BUILDING INDUSTRY 
   The content of carbon dioxide (CO2) in the 
atmosphere should not exceed 350 ppm if we want 
the planet to stay in the stable area of the Holocene 
[4, 5]. The Holocene is the geological era when life, as 
we know it, has developed and thrived on Earth. The 
Planetary Boundaries is a theory which points out a 
number of areas where human impact on Earth is so 
massive that it is changing its natural systems.  
   The global monthly mean amount of CO2 in the 
atmosphere in December 2020, when Guterres made 
the statement above, was 414.49 ppm of CO2 [6]. 
Although the idea of planetary boundaries has been 
criticized [7] it still illustrates the magnitude of the 
human challenge.  
   The UN Environment Programme was launched two 
weeks after Guterres’ speech. Its 2019 Global Status 
Report for Buildings and Construction stated that the 
sector is one of the largest global contributors of 
greenhouse gases, emitting 39% of total global energy-
related CO2 emissions [8, 9].  
 
 3. REGENERATIVE PARADIGM  
     The challenges are today so great that it will not be 
enough to improve the systems we have or to just 
limit our use of resources [10]. Humanity needs to 
create systems that do not just reduce the impact of 
our actions. The actions themselves need to, in every 
aspect, generate positive spinoffs. Every building 
activity needs to be a positive force that generates 
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higher storage of CO2, creates habitats and living 
conditions that promote biodiversity and empower 
local societies, and strengthens relations between 
citizens [11].  
     The history of sustainability has been described by 
dividing it into two paradigms [12]. The first was 
defined in the report Our Common Future by the UN 
initiative: “meets the needs of the present without 
compromising the ability of future generations to 
meet their own needs” [13]. The second paradigm 
developed as a business tool in the private building 
sector to meet societal demands emanating from the 
consequences of the destruction of ecosystems and 
the effects of climate change. For business this offers 
a combination of opportunities and risks [12]. Both of 
these paradigms are criticized because they are 
incapable of changing the existing system. They just 
reduce the impact of the system that created the 
crises in the first place [14]. Incentives for radical 
change and innovation is therefore missing.  The shift 
to a regenerative paradigm requires a changed 
worldview from today’s “expansionist worldview 
rooted in a mechanistic metaphor” [10, 15] to one 
focusing on relational approaches and identifying 
humans as “an integral part of nature and partners in 
the process of co-creation and co-evolution” (Fig.1). A 
worldview that acknowledge the interdependency and 
interconnectedness of all things is becoming more 
common today [16, 17]. The key elements of the 
Regenerative Sustainability concept are according to 
du Plessis and Brandon [16]:  
- Uphold relationships, not just life-supporting but also 
life enhancing conditions. 
- Respond and adapt to, and evolve with, change while 
avoiding threats to life-supporting and life enhancing 
capacity of global and local socio-ecological systems. 
- Humans are a part of and must treat socio-ecological 
systems with a spirit of fellowship and mutuality. 
Therefore, we have a responsibility for the 
consequences we inflict on the system. 
- Decision-making is a reflective process that needs to 
question whether the proposed values uphold the 
values of the ecological worldview, not just measure 
against predetermined criteria and indicators. 
- Initiatives should not be goal-driven, but rather 
systems that can adapt to changing circumstances, 
new knowledge, and surprises; learning from 
experience to build adaptive capacity, resilience and 
the ability to regenerate themselves. 
    A broader theoretical context for sustainability 
needs to be formulated with the focus on reinforcing 
life-supporting systems [12]. In the regenerative 
paradigm, place is the primary basis in every action 
[18]. It is recognized that only when people “discover 
how a project can become truly meaningful” [19], 

 
Figure 1: Illustration of different approaches to sustaina-
bility  Developed from Reed, 2007 Craft. et al., 2017 [14, 44].
 
only then will it “connect people back to the spirit of 
place in a way that they are vitalized by it and become 
intrinsically motivated to care for it” [20], so that long-
term commitment, care and sustainability can be 
created.        
    This is the opposite to green design where “the tick- 
in-the-box system” decides the rate of sustainability 
[18]. In a regenerative design perspective, it is 
important to evaluate the building continuously over 
time and within its context. As Camrass describes it, 
“…regeneration is not simply “achieved” rather 
continues to be achieved.” Therefore over time it also 
has the ability to strengthen [21]. In regenerative 
systems-thinking, the designed interventions create 
self-renewing systems and the necessary conditions 
for sustained positive development [19]. Therefore, 
for the pillars of social, ecological, and economical 
sustainability, the inclusion of history and time 
connected to place is essential. This also brings up the 
question of how longer time frames could be 
formulated within industry and research that would 
support an understanding of complex, cross-
disciplinary issues [21]. Regenerative futures build on 
the concepts of regenerative design, sustainability, 
and development but bring in futures concepts to 
deepen the regenerative sustainability approaches 
further (Table 1).  
     Camrass argues, similar to Du Plessis and Reed, that 
“Conventional approaches to sustainability that seek 
to mitigate or neutralise harm are insufficient to 
address the accrued ecological and social debts of 
human activity” [12, 14, 21]. Camrass adds to the 
former concepts of regenerative thinking with futures 
thinking which she argues “…has the potential to 
facilitate a departure from a “business as usual” 
approach to sustainability practice.” [21]. For this, we 
need to step outside the existing norms of behaviour 
and collectively embrace the regenerative capacity of 
human activity. With Du Plessis’ argument Camrass 
empathises that traditional knowledge systems are 
vital to the regeneration of societies and adds that 
regenerative thinking is not new and we need to 
embrace historical wisdom to succeed. 
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Table 1. Summary of Regenerative future, adapted from 
Camrass 2020 [21].

Goals - Net positive, social, cultural, and ecological 
outcomes
- Interactive adaptability – ongoing co- evolution 
of a community
- A pathway to transformation -alignment 
between vision and reality

Roots and 
background

- Futures studies, anticipatory action learning, 
social sciences, regenerative design, regenerative 
development, regenerative sustainability

Views of reality -Reinforcing loops between internal and external 
realities
- Multi layered and incorporating the empirical, 
the unconscious and the mythological 

Views of time -Emphasises the past (weight), present (push) 
and future (pull)

Features - Environmental scanning
- Narrative(s) of place constructed using 
historical, current, local, and regional contextual 
factors
- Process of deep questioning leads to emergence 
of the category of the future
- Collective mapping of alternative futures and 
decision-making about desirable futures
- Layered – an emphasis on worldviews and 
myths that underlie possible, probable, and 
preferred futures. Works within epistemological 
context of participants
- System-based – considers the 
interconnectedness within and between 
economic, ecological, and social systems at 
various scales
- Deep time

Measurement - Collaboratively developed
- Alternative measurements
- Redress of previously accumulated ecological 
debt
- Focus on transformative impact rather than 
output 

  
     Also “heritage as a rich source for the future” is 
pointed out by Bussey [22]. Additionally, Camrass 
states that “transitioning “back” to such views 
challenges deeply entrenched patterns and 
repositions humans as embedded within the broader 
way of life” [21]. 

4. TRADITIONAL LOG TIMBER BUILDINGS  
  Traditional log timber buildings have been the 
dominant way of building for most households in the 
forested parts of Scandinavia for the past 1000 years. 
Archaeological sources indicate that the log timber 
house was introduced in Scandinavia about AD 900-

1000 [23-26]. The technique has since then been 
adapted to various building categories and types of 
settlements [27-29]. The log timber technique is not a 
particular expression of folklore. For instance it was 
incorporated in the church’s building program already 
in the 13th century when the parish organization and 
cathedral chapters were established and empowered 
in society [30-31]. Andrine Nilsen has investigated 
Swedish urban settlements in early modern time and 
argues that the wooden building was crucial for all 
urban development until the 19th century [29]. 
    The log timber technique was adapted and 
developed in diverse forms and functions also 
according to the variety of natural resources, social 
structures, and economies [28]. In the southern parts 
of Scandinavia, the half-timber technique was 
common due to the properties of oak as a main timber 
resource. Deforestation resulted in innovative 
combinations of solid timber and timber frames [28, 
33]. The southern farmsteads added different 
functions in rows under one roof. The solid insulated 
log timber construction was mainly used in the 
dwelling area and the lighter constructions for the 
economic functions of the household. The building 
became a modular system where different materials 
and construction techniques were combined. The 
wooden elements were often traded, produced 
elsewhere, and erected on site [32]. In forested areas 
and predominantly in the northern parts of 
Scandinavia, the household’s functions were often 
catered for by separate buildings. The techniques and 
materials were adapted to the building’s function, 
status, lifecycle and maintenance. Reuse and mobility 
were extensive as these smaller log timber buildings 
could be disassembled and re-erected.   
     Today, the corner timber house is mainly produced 
in a few categories, like the winter sports cabin or 
summer cottage. The design emphasises some visual 
memes like the visible logs, salient and repetitive 
traces from hewing, and the projecting ends of the logs 
at the corner joints.  
     Finn Werne conceptualized the end of this long and 
diverse building tradition as a “knowledge paradox” 
[34]. In the end of the 19th and beginning of the 20th 
centuries, log timber buildings were looked on as 
historical artefacts and the subjects for emerging 
academic fields like ethnology, history of arts, and 
architecture. Concurrently, the log timber building was 
actually the dominant building technique, not only 
measured in numbers of existing buildings, but 
actually in the way that the majority of houses were 
still built. The establishment of new academic subjects 
like Ethnology contributed to the documentation of 
traditional buildings but also to the discourses of 
vernacularity, historicity and heritagization of 
traditional buildings, transforming a resource and a 
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living building tradition into something obsolete in 
contemporary society.  
 
5. TRADITIONAL KNOWLEDGE SYSTEMS 
    A tradition is a cultural phenomenon that is 
transmitted from one generation to another, and 
developed and sustained by each generation for the 
future. A tradition may be recognized as cultural 
heritage by a community, group, or individuals [35]. A 
tradition may be associated with a particular tangible 
heritage like the log timber building, but any material 
culture subsumes the intangible heritage of which it is 
a product [36]. However, the emerging discourse on 
safeguarding traditional craftsmanship as an element 
of intangible cultural heritage may also be 
counteracting the creativity and adaptive capacity of 
the tradition, i.e. the very drivers of a sustainable living 
tradition [37].  
     The tradition is enmeshed in a complex knowledge 
system that extends beyond the modern concepts of 
tangible and intangible cultural heritage. In this 
project, we approach the traditional knowledge 
system of log timber building from three perspectives:  
1.    The variety of craft skills 
2.    The collaborative production processes 
3. Building programs for diversity in dwellings.   
       Traditional craft skills looks at both general skills 
that recur in log timber building and also the particular 
skills that are required for the various categories of 
buildings, particular forms or uses of timber, tree 
species, and tools. Throughout history, the associated 
skills have had a diversity in advancements and 
transmitted both among professionals and 
commoners. However, a core feature is how to fit 
irregular timber into a construction. The energy input 
in transforming the forest tree into a log timber 
building is low and feasible even with hand tools. The 
horizontal logs are grooved underneath and each side 
is scribed and the unique profile of one log is 
transferred to another. The technique is commonly 
used for raw timber as a structure of horizontal logs is 
compressed by its own weight and thus deals with 
hygroscopic deformations. To select the logs for each 
position and foresee the compression in terms of 
openings and trusses is a vital part of the 
craftsmanship. A comprehensive research question is: 
what constitutes a traditional skill, and when is a 
tradition broken or diluted into something essentially 
different? What is situated in time and space and what 
is possible to transfer, develop and upscale?  
      Collaborative production processes concern local 
stakeholders’ collaborations to make houses from 
locally accessible resources. The knowledge system 
involves a territorial knowledge of where to access 
materials for building, the processing in local sawmills 
and joineries for instance, and the collaboration 
between professional labour and the consumer’s own 

labour in kind to reduce the costs.  The traditional 
knowledge systems for log timber buildings often 
manage time with long horizons, where for instance a 
particular stand of trees or stock of local materials is 
designated for a particular project. Furthermore, the 
materials and skills for maintenance are commonly 
also integrated into the production processes. This 
research seeks to identify general features of smart 
specialisations, schemes of production processes, 
networks and business models that could be adapted 
and established today.  
        Building programs for diversity in dwellings look at 
the ability to adapt buildings for a large variety of 
preferences in terms of homes and livelihoods. The 
traditional knowledge system of log timber building 
includes examples of flexible uses over the course of a 
day, a year and a life. The possibility to adapt to various 
conditions and levels of energy consumption are 
commonly integrated into the building program. The 
research questions concern historic forms of dwellings 
that could be transferred into a modern building 
program adding dwellings for a more diverse range of 
livelihoods in society today. What production exists for 
generational housing, diverse partnership living, 
seasonal uses, multifunctional spaces for a whole life 
course, and shifts between the household’s economic 
functions and dwelling spaces do we find? 
 
6. LIFE CYCLE PERSPECTIVES 
   The project aims to assess traditional building 
practices from a life cycle perspective. Tools such as 
Environmental Management Systems and Life Cycle 
Analysis (LCA) have evolved to measure the eco-
efficiency of the building sector today [38]. For the 
Swedish context, it will be mandatory from 1 Jan 2022 
to produce an LCA on all newly constructed buildings 
[39] focusing on their carbon dioxide (CO2) emissions. 
This follows the trends in neighbouring countries such 
as Norway that have similar legislation [40]. Although 
it is important to have the lifecycle perspective on 
construction activity, these green assessment tools 
have been criticised for missing out on the core 
regenerative principle of adapting the building to the 
place where the building is erected. They also seldom 
take social and cultural aspects into consideration [19, 
41] nor do they include the purpose and meaning of 
the building. LCA systems are developed and used in 
the context of the existing paradigm of how to 
construct a building. An LCA is often based on existing 
databases with generic data for existing construction 
products. This creates advantages for “products'' and 
existing building systems even if they are not 
associated with holistically positive impacts. If an LCA 
is attributional, as required in the upcoming Swedish 
building regulations [39], the LCA is limited to the 
planned new building as an entity separate from its 
context or the place where it will be constructed [42-
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43], and does not take into account what will be 
removed, such as forest or existing buildings.  
Therefore, the results from such an LCA could be 
misleading since there is almost always an already 
existing value that is either enhanced or reduced by a 
new construction project. If we look at how the 
concept of LCA is used today in relation to the concept 
of regenerative design, it is clear that they are not 
supporting each other.  
    If we instead used the life cycle perspective to 
examine and analyse existing buildings to understand 
how they were built, and how materials in structures 
can be maintained, repaired, and upgraded so that 
they can last for 200-300 years or more, then the life 
cycle perspective can be used to stimulate change 
instead of supporting current systems of constructing 
buildings which are not compatible with a sustainable 
future. 
 
7. A CATALOGUE OF ADAPTED TRADITIONAL 
PRACTICES 
  This research aims to develop a catalogue of 
traditional craft practices that offer methods and 
develop relevant tools to achieve a certain design goal 
depending on what is offered in any given situation 
AND place.  
By using the qualities and functions called for in the 
regenerative paradigm to describe examples of good 
practices and procedures in traditional crafts today, 
we can develop a catalogue of practices that is useful 
for designers, architects, engineers and professionals 
in planning and construction (Table 2).   
 
Table 2. Examples of how traditional craft can activate 
regeneration.  

A Regenerative paradigm 
require 

Traditional crafts can offer 

Eco-centric worldview A diversity of worldviews

Notion of place Notion of place

Cultural awareness Awareness of local culture

Social awareness Awareness of local social structures and 
norms

Local materials Contact with local materials producers. 
Methods for turning them into building 
materials.

Local workforce Network for local workforce

Low-processed materials Low-processed materials

Human scale Human scale

Co-creating, transdisciplinary 
process

Co-creating, transdisciplinary process

Limit extraction of natural 
resources

Reduce the impact from local material 
extraction

A sense of belonging Belonging to local community through 
making and materials

Use already existing building 
stock

Knowledge in traditional building 
methods and materials

Meaning Directly meaningful for local actors and 
users

 
8. CONCLUSION 
   This paper has outlined a regenerative paradigm on 
sustainable building and developed a research 
approach to survey and adapt traditional log timber 
building practices for future sustainable building 
practices. The approach involves a broad investigation 
of the traditional knowledge system comprising 
craftsmanship but also collaborative production 
processes and building programs for diversity in 
dwellings. The inventory of traditional practices is 
assessed in a life cycle perspective and developed for 
regenerative construction today. The outcome is a 
catalogue of adapted traditional practices that can be 
used in future sustainable design, buildings and 
dwellings.   
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ABSTRACT: As the product of local climate and culture, vernacular architecture had a good climate adaptability in 
the past. In modern times, with the great progress of technology and theory, vernacular architecture cannot meet 
the requirements of local residents for comfort. So local people abandons theses traditional buildings and let them 
fade away. Based on the microclimate survey in winter in Qingxi Old Street, this paper studies the thermal comfort 
performance of vernacular building envelope in Shanghai. This paper summarizes the envelope system and 
evolution history of vernacular buildings in Shanghai through field investigation and literature research, and 
obtains the corresponding thermal parameters through software analysis. Through the analysis of questionnaire 
survey results of residents and indoor thermal comfort performance of Qingxi Old Street, the thermal comfort 
performance of traditional envelope is analysed from subjective and objective dimensions. On this basis, the paper 
puts forward the corresponding strategies to improve the thermal performance of vernacular building envelope in 
Shanghai, hoping to provide some reference for the promotion of vernacular buildings and enhance the 
endogenous protection of vernacular building heritage.   
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1. INTRODUCTION  
Vernacular architecture in the world is facing the 

danger of extinction. Since modern times, due to the 
cultural fault caused by social changes, China has lost 
the cultural soil and traditional architectural craftsman 
system. With the rapid development of economy in 
recent 40 years, people's demand for living quality is 
higher and higher. However, the stagnant traditional 
construction technology cannot meet the growing 
needs of people. It leads to the gradual disappearance 
of vernacular architecture. 

At present, Chinese colleges have done some 
microclimate researches on local vernacular 
architecture, and have achieved good results in South, 
northwest, northeast, southwest and other regions of 
China. However, there are few studies on the 
vernacular architecture in Shanghai, which are only 
mentioned in the study of traditional vernacular 
dwellings in the south of the Yangtze River. However, 
there are a large number of vernacular building in 
Shanghai. With the implement of Chinese Rural 
Revitalization Project of the 14th five-year plan, it is 
urgent to study the thermal comfort performance of 
these buildings, so as to help the next improvement 
and transformation of thermal comfort. 

2. BACKGROUND 
2.1 Geographical and climatic characteristics  

Shanghai is located in the east of China, bordering 
Jiangsu Province in the north, Zhejiang Province in the 
south, Suzhou in the west, East China Sea in the East. 
Shanghai is located in the estuary of the Yangtze River, 
where is in the impact plain of the Yangtze River, with 
flat terrain and dense river network. Huangpu River 
and Suzhou River belong to the Yangtze River system, 
which has been shaping the natural appearance of the 
whole city of Shanghai. Shanghai was formed by the 
sediment carried by the Yangtze River at the estuary of 
the sea. The eastern part of Shanghai was formed later 
than the western part. It was only in the Qing Dynasty 
(18th century A.D.) that the outline of Shanghai was 
roughly consistent with today's. 

Shanghai is a coastal city with subtropical monsoon 
climate. It is hot in summer and cold in winter, with 
large annual temperature range and high air humidity. 
According to the data collected by the weather station 
in Qingxi Old Street (Table 1), the relative humidity in 
winter is 70% - 95%. In addition, the air humidity 90% 
- 95% interval accounted for the largest proportion, 
more than 95% humidity to reach about 7% of the 
time.  
 

Table 1: distribution frequency of humidity in winter in Qingxi Old Street 
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2.2 Culture and architectural features 
Shanghai belongs to Jiangnan culture and has been 

influenced by the culture of Southern Jiangsu and 
Northern Zhejiang in history. As a concept of 
vernacular architecture, "Jiangnan" traditional 
buildings refer to vernacular architecture in Wu, Hui 
and Gan dialects in the middle and lower reaches of 
the Yangtze River[1]. Shanghai belongs to the Wu 
dialect area, which is not only similar to southern 
Jiangsu and Northern Zhejiang in language and culture, 
but also belongs to the plain area. Therefore, the types 
of vernacular architecture are closely related. 

According to the characteristics of water system 
and settlements, Shanghai can be roughly divided into 
four architectural cultural circles (Figure 1): Gangshen 
Songjiang cultural circle, Songbei Pingjiang cultural 
circle, Coastal Emerging cultural circle and Sand Island 
cultural circle[2]. Gangshen Songjiang cultural circle is 
the birthplace of Shanghai ancient civilization. It is 
located to the west of the ancient coastline (6000 
years ago), including Songjiang, Qingpu and Jinshan 
districts. Songbei Pingjiang cultural circle was under 
the jurisdiction of Suzhou, and it comes down in one 
continuous line with Suzhou vernacular architecture. 
Coastal emerging cultural circle is a coastal area 
formed by the later sediment deposition, including 
Pudong and Fengxian. Sand Island cultural circle 
mainly refers to Chongming Island, where the north 
and South cultures blended, which is significantly 
different from other regions. Except for Sand Island 
cultural circle, most of the vernacular buildings in the 
other three areas live near the water, and the 
settlements are distributed along the river, which 
reflects the architectural characteristics of the water 
towns in Jiangnan region.  

Qingxi Old Street is located in Fengxian District, 
where the coastline extended during the fourth 
century AD. Fengxian is adjacent to Hangzhou Bay in 
the South and had developed salt industry. Qingxi Old 
Street is distributed from east to west along Qingxi 

river. In history, Qingxi Old Street was once a famous 
commercial port. Merchants transported sea salt, fish 
and other goods through Qingxi river. The commercial 
street is Along the north side of the river. The buildings 
are built near the water, and the Façade is set up near 
the street. It has the typical characteristics of Jiangnan 
water transport market. 
 
3. TYPICAL ENVELOPE STRUCTURE SYSTEM 

According to the structure, the envelope can be 
divided into roof, gable, Façade wall, door, window 
and floor from top to bottom. The roofs of traditional 
houses in Shanghai are usually paved with small grey 
tiles, which is different from that in northern areas. In 
Jiangnan area, it is rainy and humid, so most of roofs 
are paved with wood boards or bricks. The brick walls 
of traditional dwellings in Jiangnan are built with grey 
bricks, and the gables are used as firewalls. There are 
two kinds of Gables: solid and hollow. Hollow wall is 
called Kongdou wall in Jiangnan area. The first floor of 
Kongdou wall is usually solid masonry, and the second 
floor and above are only bricked on both sides of the 
wall, and the interior is hollow or filled with soil. There 
are mainly two kinds of Façade walls: brick wall and 
wood wall. Generally, the first floor is brick wall, and 
the second floor and above are wood wall. Shops in 
order to facilitate access, the first floor will also use 
splicing wooden wall, easy to dismantle. Traditional 
doors and windows are made of wood. The ground of 
traditional buildings is usually rammed earth or paved 
with tiles. 

 
3.1 Structural evolution of vernacular building 
envelope 

In the actual use, the vernacular building envelope 
evolves with the needs of residents and social 
development. In order to prevent water seepage on 
the roof, Shanghai vernacular buildings often plaster 
lime mortar under the wood board of roof. In recent 
years, cement has been used instead of traditional 
bricks or wooden board  in the government's 
renovation of local buildings. In the past, most of the 
vernacular buildings in Shanghai used grey bricks. In 
modern times, with the introduction of red bricks into 
China and gradually localization, red bricks with lower 
price and less pollution have replaced grey bricks, 
which were used on the brick walls rebuilt or repaired 
after 1949 on a large scale. The wooden wall also 
changed from a single layer of board to a wood-brick-
composited structure. At first, the windows were 
pasted with tough paper. In Song Dynasty, "Ming Wa", 
a kind of translucent thin grinded sheets of shells, 
appeared. In Ming and Qing Dynasties, the glass 
began to be used on the windows, which greatly 
improved the indoor lighting. In the past 30 years, 
Shanghai vernacular buildings have changed much Figure 1: Map of architectural cultural circles 
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more. In order to improve the thermal insulation 
performance of the envelope, some residents installed 
the thermal insulation panel spontaneously on the 
inner wall, set up with ceiling below the roof, replaced 
the wooden doors and windows with the steel doors 
and windows for better sealing performance, and 
plastered with cement mortar or tile on the ground. 

 
3.2 Thermal parameters of typical envelope of 
vernacular building 

In order to study thermal parameters of the typical 
envelope of vernacular buildings in Shanghai, this 
paper selected a typical traditional courtyard in Qingxi 
Old Street, Yang Kungao House (figure 3). this house is 
a courtyard with two stories, the first one is brick wall 
and the second one is wood wall (figure 2). The first 
floor of gable is solid brick wall, and the second floor is 
Kongdou wall. Because the residents moved out in the 
early years, the house still maintained the traditional 
style and did not change greatly. Therefore, Yang 
Kungao House can be used as a typical example of 
Shanghai vernacular architecture to study thermal 
parameters of traditional envelope system. 

 
Figure 2: Section drawing of Yang Kungao House 

Through the Ecotect software, we can build the 
construction details of the building envelope to 
calculate the thermal parameters of each part[3]. 
According to the decomposition from top to bottom, 
the thermal parameters of roof, gable, Façade wall, 

door, window and ground is obtained, as shown in 
Table 2. 
Table 2: Thermal parameters of Yang Kungao House’s 
envelope 

Envelope Construction and materials 
Heat transfer 

coefficient 
[W/( ·K)] 

Roof Grey tile 20mm + air gap 25mm + 
wood board 20mm  1.160 

Solid gable Lime mortar 25mm + grey brick
400mm + lime mortar 25mm  1.170 

Kongdou 
gable 

Lime mortar 25mm + grey brick
60mm + air gap 280mm + grey 
brick 60mm + lime mortar 25mm

 

1.560 

Façade 
brick wall 

Lime mortar 25mm + grey brick
60mm + lime mortar 25mm  2.640 

Wood wall Wood board 25mm  3.990 

door Wood board 30mm  3.770 

window Single layer of glass 6mm  5.100 

ground 
Rammed earth 100mm + mixture of 

lime, clay and fine sand 100mm + 
tile 30mm  

0.840 

According to the thermal parameters of each part, 
the window has the highest heat transfer coefficient 
and the worst thermal insulation performance; the 
heat transfer coefficients of wood walls and doors are 
more than 3 and the thermal insulation performance 
is also poor. The solid brick wall has lower heat transfer 
coefficient and better thermal insulation performance 
than Kongdou wall. In the Façade wall, the heat 
transfer coefficient of brick wall is lower than that of 
wood wall, but considering that the thickness of brick 
wall (110mm) is four times that of wood wall (25mm), 
so the two cannot be directly compared. 
 
4. THERMAL COMFORT EVALUATION 

In order to understand the current situation of 
thermal comfort of Shanghai vernacular building 
envelope, this study conducted a test on the thermal 
comfort of Qingxi Old Street from subjective and 
objective aspects through questionnaire survey and 
indoor thermal environment monitoring from January 
24 to 30, 2021. 
 
4.1 Evaluation of subjective thermal comfort 
questionnaire survey 

The questionnaire survey randomly visited 68 
residents of Qingxi Old Street, and 67 valid 
questionnaires were obtained, covering the whole 
area of the street. Among the respondents, 33 men 
and 34 women with a ratio of nearly 1:1 for male and 
female; 3 children for 4.5%, 6 young people for 9.0%, 
21 middle-aged for 31%, and 37 elderlies for 45%. It 
seems that the residents' structure of Qingxi Old Street 
is aging seriously. The residents of the street mainly 
consist of three parts: aborigines, residents from other 
districts of Shanghai and migrant workers outside 
Shanghai. The former two are mainly retired elderly, 
the latter mainly young people. 
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The thermal resistance of the clothing of the 
residents surveyed was concentrated in the 1.4clo-
1.9clo range, and the average thermal resistance value  
Table 3: Results of thermal comfort questionnaire survey on Qingxi Old Street 

 Evaluation index 

Current 
situation 

Temperature Hot Warm Slightly 
warm Moderate Slightly cool Cool Cold 

Percentage(%) 3 4 9 52 21 7 1 

Humidity Very dry Dry Slightly dry Moderate Slightly wet Wet Very wet 

Percentage 0 1 9 69 9 7 1 
Thermal comfort comfortable Slightly comfortable uncomfortable Very uncomfortable 

Percentage(%) 73 16 7 1 

Expectation 

Thermal 
acceptance completely acceptable Slightly acceptable Slightly unacceptable Completely 

unacceptable 
Percentage(%) 69 21 1 0 
Temperature 
expectation Higher unchanged Lower 

Percentage(%) 49 48 1 
Humidity 

expectation Higher unchanged Lower 

Percentage(%) 6 45 43 

was 1.64clo. The 1.8clo-1.9clo range is the most, 
reaching about 13%. In order to understand the 
thermal comfort evaluation of local residents, the 
survey is divided into two parts: current situation and 
expectation. Divided into three aspects of 
temperature, humidity and comprehensive feeling, 
there are six aspects. The present situation is divided 
into temperature, humidity, thermal comfort, and 
expectation is divided into thermal acceptance, 
temperature expectation and humidity expectation. 

According to the respondents' evaluation of the 
situation (Table 3), the thermal comfort performance 
of vernacular buildings seems to be good. 52% of 
respondents felt that the indoor temperature was 
moderate, 69% thought humidity was moderate, and 
73% felt comfortable. Only 21% of respondents felt 
slightly cool, 9% thought it was slightly dry or slightly 
wet, and 16% felt that it was slightly uncomfortable. In 
terms of expectation, 69% of respondents thought 

that the indoor thermal environment was completely 
acceptable, while only 1% felt that the indoor thermal 
environment was slightly unacceptable. But when 
asked about temperature expectations, only 48% of 
respondents wanted to stay the same and 49% wanted 
to rise. For humidity expectations, only 45% of 
respondents wanted to remain the same, 43% want 
humidity to drop. 

It maybe be related to the adaptive adjustment of 
residents to local environment. One is that some 
residents have lived in this street since they were born 
and have been used to the local thermal environment; 
the other is that some residents are unable to move 
out or improve their houses due to economic and 
other reasons, so they have to adjust themselves and 
reduce the requirements of thermal comfort. 
However, from the Perspective of expectation, more 
than half of the respondents have the need to improve 
the temperature and humidity.

 
Yang Kungao House 6 Lane 92, Qingcun East Street 89 East Qingcun Street 52 West Qingcun Street 

    
Figure 3:  Pictures of the four building
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4.2 Analysis of indoor thermal environment 
monitoring results 

In order to objectively study the thermal comfort 
of Shanghai vernacular building envelope, three 
representative traditional dwellings in Qingxi Old 
Street were selected (figure 3). The first building is a 
one-storey building located in the courtyard, and the 
second and third residential buildings are two-storey 
buildings along the street. The envelope structure and 
plane layout of the first building have been greatly 
transformed by the owner. The doors and windows 
have been replaced, the ceiling has been added, and a 
living room has been built in front of the door. The 
second and third buildings have basically no major 
changes in the layout and envelope structure. 

It can be seen from table 4 that in the same period 
of time (day or night), the indoor thermal comfort 
performance of the second and third residential 

buildings is higher than that of the first one. The 
Predicted Mean Vote (PMV) of the first building is in 
the range of [-2.66, -2.27], the thermal comfort feeling 
is between cool and cold, and the percentage of 
dissatisfied (PPD) is between 87% to 96%; the PMV of 
the second and third residential buildings is above (-1), 
the thermal comfort feeling is slightly cool, which 
belongs to the comfortable range. This shows that the 
vernacular buildings have certain adaptability to the 
local climate, and the indoor thermal comfort in winter 
is generally above (-1). In order to expand the area of 
the first building, additional houses were built at the 
entrance, which increased the depth and affected the 
indoor lighting and ventilation. If the residents do not 
consider the indoor comfort to random transform the 
house only for the functional needs, the thermal 
comfort of vernacular buildings are easily affected. 

 
Table 4: Maximum and minimum PMV values of monitoring points on Qingxi Old Street[4-6]

 
5. THERMAL PROMOTION STRATEGIES  

As an important part of the appearance of 
vernacular architecture, the envelope reflects the 
historical and artistic value of vernacular architecture, 
and also inherits the scientific value of ancient 
construction techniques. Therefore, the thermal 
promotion strategies must be based on reversibility, 
sustainability and minimum intervention of heritage 
protection principles, so as to improve the thermal 
performance and reduce the secondary damage to 
buildings. 

 
5.1 Roof 

Through interviews and field exploration, the main 
problems of the roof in Shanghai are water seepage 

and thermal insulation. Ideally, if the traditional roof 
structure is closed, the thermal insulation 
performance (Table 2) is not bad. But in the actual 
process of laying tiles, there will be leakage problems, 
resulting in water seepage and cold air penetration in 
winter. 

At present, there are two simple local methods: 
filling the air layer under the tiles with cement; 
plastering lime mortar under the wood board. This not 
only violates the principle of reversibility, but also 
causes the cement or lime layer to crack and fall off 
quickly due to thermal expansion and cold shrinkage. 

For the roof, the best way is to lay waterproof 
coiled material under the tiles, keep the air layer 
between the tiles and the wood board, and lay thermal 
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insulation materials on the wood board. If there is a 
ceiling, waterproof coiled material can be laid 
between the wood board and the tiles, and thermal 
insulation material can be placed on the ceiling to form 
a huge air insulation layer between the tile surface and 
the ceiling. 
5.2 Gable 

Although the thermal insulation effect of Kongdou 
wall is slightly lower than that of solid wall, Kongdou 
wall, as a traditional envelope widely used in Jiangnan 
region, can save materials and reduce expenses. As 
architectural feature in Shanghai, its basic form should 
be retained. As to improve the thermal performance, 
it is better to apply the modified clay for the filler to 
promote the overall thermal insulation performance 
of Kongdou wall. 
 
5.3 Façade wall 

Generally speaking, the Façade walls of vernacular 
buildings in Shanghai, whether brick walls (110mm) or 
wood walls (25mm), are very thin, so the thermal 
insulation effect is poor. In order to keep vernacular 
building appearance unchanged, the method of 
erecting internal insulation layer can be considered to 
improve the thermal performance. However, it should 
be noted that the new insulation layer should not be 
in direct contact with the original wall, so as not to 
damage the building itself. At the same time, in order 
to prevent condensation between the two parts, the 
design should avoid air leakage or thermal bridge. 
 
5.4 Door and window 

The mainly problem of traditional doors and 
windows is poor air tightness. From indoor wind speed 
monitoring results in this test, it was found that the 
indoor air velocity is generally above 0.2m/s. 
Therefore, the first thing is checking the status of 
doors and windows, and repairing or replacing them 
according to the degree of damage and style. At the 
same time, It can be considered to add a second layer 
of window behind the original window to improve the 
thermal insulation performance. 
 
5.5 Ground 

The climate in Shanghai is humid, and the ground 
is the main source of indoor moisture in traditional 
dwellings. In the field visit to 6 Lane 92, Qingcun East 
Street, it was found that the ground water vapour 
enters the room through capillary action from wooden 
columns and walls. In this regard, the most effective 
way is to lay a waterproof layer under the ground to 
block the rise of moisture. But considering the cost, 
the most economical method is building an overhead 
layer above the existing ground, and leaving the vents 
on the wall, so that the water and gas can be 
discharged smoothly. 

 

6. CONCLUSION 
The envelope system of vernacular architecture is 

a dynamic system. With the development of social 
economy, people's requirements for the thermal 
comfort of vernacular buildings are also improving. 
However, due to the lack of architectural knowledge 
and heritage protection consciousness, the residents' 
spontaneous transformation is easily 
counterproductive, which reduces the indoor thermal 
comfort performance and damages the building itself. 

From the analysis of thermal parameters of 
traditional envelope structure, it is showed that the 
most important parts affecting the indoor thermal 
environment are the doors and windows. According to 
the questionnaire survey of thermal comfort in Qingxi 
Old Street, local residents have a strong tolerance to 
the indoor thermal environment, but more than half 
of the respondents still hope to improve the indoor 
temperature and humidity. From the results of 
environmental monitoring, residents' spontaneous 
transformation cannot improve the indoor thermal 
comfort, while traditional buildings have certain 
adaptability to the local climate. 

Form the weak points found in the previous 
analysis and the residents' demand for thermal 
comfort improvement, this paper puts forward 
strategies to improve the temperature and humidity of 
each part of the envelope. 
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ABSTRACT: The historical bridge of Plaka, built in 1866, collapsed in 2015 due to foundation failure, during a 
heavy rainfall. It was considered as the largest single-arched stone bridge of the Balkans, with the main arch 
having ~40m diameter. The bridge was constructed with local materials and techniques. It is important to be 
noted that due to the collapse, it was possible to detect the whole structural system and observe for the first 
time construction details and reinforcements (timber and metal) that were not known until now, never detected 
in other bridges nor mentioned in the relevant bibliography. A unique system of hidden timber reinforcements 
was discovered unexpectedly in the interior mass of the stone structure, when the stone parts of the bridge fell 
into the river. Two types of timber grids were revealed at the central arch. The 1 st type was placed in specific 
distances radially, in between the cut stones of the double central arch of the bridge. At the same positions, a 2nd 
type of timber grid existed, running almost horizontally at the main mass of the piers. The 3rd timber 
reinforcement system was placed transversely along the small West and East arches of the bridge. Finally, two 
types of metal reinforcements were used. A visible one, placed transversely at the inner central arch, a common 
technique used in most stone bridges in Greece, and another one, unknown too until the collapse, a grid of metal 
straps placed horizontally in different layers, hidden at the lower underwater part of the bridge pillars, 
connecting the stones near the foundation with special lead details for its anchorage. 

 

KEYWORDS: Plaka Stone Bridge, Timber Reinforcements, Metal Reinforcements 
 
1. INTRODUCTION  

The historic stone bridge of Plaka was built in 
1866 in the southern part of Epirus in Greece, over 
the river Arachthos. (Fig.1).  

It is three arched, with the main arch having a 
span of about 40m and reaching a maximum height 
of about 21 m. For this, Plaka bridge was considered 
as the largest single-arched stone bridge of the 
Balkans, and a work of significant technology. The 
historic research so far, declares that it was built by 
local craftsmen that used local materials and 
techniques. Harder and denser limestone was used 
for the double arches, the outer shell and the filling 
of the two pillars, and lighter porous limestone for 
the filling of the central arched areas, a wise and 
intentional decision for the reduction of the loads at 
the free span of the bridge and for the increase of 
loads at the piers for stability reasons [2].  

The bridge is a declared monument under 
protection by the Greek State. The significance of the 
bridge is very important as it was closely related to 
the history and the evolution of the region, since it 
was an impressive monument of historical, cultural, 
architectural, social and symbolic value, not only for 
the local community but for the whole nation [1, 2]. 

 
In February 1st 2015, after heavy rainfall and 

severe floods of Arachthos river (as well as many 
years of improper maintenance), the biggest part of 
the main arch and the east pier of the bridge 
collapsed into the river, due to foundation failure of 
the east pier. Approximately 50% of the original parts 
of the bridge remained in place, with an additional 
17-20% of the collapsed material being accessible as 
fragmented fallen parts in the riverbed and banks 
(Fig. 1). Most of them were collected and moved next 
to the river for further study.  

Immediately after the tragic event, the National 
Technical University of Athens created an 
interdisciplinary working group, with experts from 
different Departments (Schools of Architecture, Civil 
Engineering, Rural-Surveying, Mining-Metallurgical 
and Chemical Engineering) [1,2]. This group prepared 
an in depth study and research, which served as the 
base for the final restoration and reconstruction 
project that was conducted by private engineers and 
contractors, under the supervision of the Ministry of 
Culture, the Hellenic Ministry for the Environment, 
Physical Planning and Public Works and NTUA, with 
the help and collaboration of the local authorities. 
The project was finished in 2020. 
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Figure 1: The bridge before and after the collapse.  
 

Although the collapse of the bridge was a terrible 
occurrence, nevertheless it gave the opportunity to 
study and document its structural system and reveal 
construction details and elements unique in this kind 
of construction.  

The main subject of this paper is to present the 
timber and metal reinforcements of Plaka bridge that 
were incorporated in the masonry, as well as to 
describe their role and significance, since it was the 
first time that it was possible to detect construction 
details and reinforcements (timber and metal ones), 
that were unknown until now, not detected in other 
bridges, nor mentioned at the relevant bibliography. 
 
2. TIMBER REINFORCEMENTS  

After the collapse, a unique system of hidden 
timber reinforcements was discovered unexpectedly 
in the interior of the stone structure, when the bridge 
collapsed into the river.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Position of the timber grids. 

 
 

Three types of timber grids were revealed. The 
1st type was placed radially in specific distances, in 
between the well cut stones of the central double 
arch of the bridge. At the same positions, a 2nd type 
of timber grid existed, running almost horizontally 
inside the main mass of the West and East piers (Fig. 
2). The 3rd timber reinforcement system was 
composed of timber elements placed transversely 
along the thickness of the West and East secondary 
arches of the bridge (Fig. 6, 7), acting as the type 1 
metal reinforcement of the main arch (Fig. 8). 
 
2.1 Type 1 timber reinforcements, incorporated 
in the double main arch of the bridge 

The main load bearing central arch of the bridge 
was double, composed by two separate arches, one 
on top of the other, a typical construction technique 
of bridges in Epirus region. The inner (lower) arch, 
was built with a small recess in relation to the upper 
one. In between the well cut stones of the main 
arches, the 1st type of timber reinforcement was 
discovered, in the form of a timber grid placed 
radially in specific distances along the central arch 
(Fig. 2). This grid was recognized by the gaps in the 
masonry that once hosted the timber elements that 
disappeared due to decay. The timbers of this grid 
were discovered in place only in one position (Fig. 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Evidence of type 1 timber grids in the fallen parts 
of the bridge. In fragment 4 exist the gaps of the timbers 
and in fragment 3 exist the only timbers found in-situ. 
 

The timber elements that formed the grid had a 
rectangular cross section of approximately 4-5x9-
12cm. They were placed one on top of the other, 
between the stones that formed the two arches, and 
were connected only by one nail in every joint. The 
nail was bended when it was coming out under the 
grid, in order to secure the connection (Fig. 4). This 
gave the indication concerning the construction 
procedure, that the grids were pre-assembled and 
were afterwards transferred to their exact on site 
position. Another indication for the construction 
procedure is that both arches were constructed 
simultaneously, since the grids were incorporated in 
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both of them. The longest timber elements (3 pieces - 

top of them, extending over the element 3T in order 
to meet the type 2 grid (Fig. 4, 5).  

The grids were loceted perpendicular to the 
perimeter of the main arch and they were not visible, 
as they were placed at a distance of ~15 -20cm from 
the exterior surface of the bridge (Fig. 2-5). 
Eventhough the timber elements of this grid were 
made of oak a quite durable species, most of them 
decayed (detection of species. Ass. Professor A. 
Pournou).  

 
 
2.2 Type 2 timber reinforcements, incorporated 
in the West and East piers of the bridge 

The 2nd type of timber grid was located in the 
same positions as the type 1, placed almost 
horizontally at least in 4 layers, extending in the mass 
of the West and East piers (Fig. 2, 5). In the other 
direction it extended through the whole width of the 
lower arch, having only a small area of contact with 
the type 1 grid (Fig. 5). The cross section of the 
timbers of the 2nd type grid was either round with a 
diameter of about 12cm or rectangular with a cross 
section of ~15X15 cm, placed one over the other, 
either with a small cutting of ~2-3cm, or with half-lap 
joints connected also with 1 nail, bended too when it 
was coming out under the grid.  

 
 
 
 
 
 
 
 
 
 

 
Figure 4: Type 1 timber grid incorporated in the main 
double stone arch. The bended nails for the connection of 
the timber elements indicate preassembly of the grid. 
 

Concerning the structural role of the 1st type grid, 
the hypothesis that it was used only for the erection 
procedure of the main arch, does not seem probable, 
since the timbers were hidden in the arches and 
there are no traces that they were extending to the 
exterior faces of the bridge in order to hold a relevant 
device for the erection. Another reasonable question 
is why the builders of the bridge decided to use this 
timber grid interrupting and diminishing the contact 
area of the stone elements of both arches? Would 
they do this just for the erection procedure? Timber 
can decay, as it has happened, and moreover, its 
strength perpendicular to the grain is quite small, 
deforming under severe compression loads. So, even 
when timbers were present, they are considered as a 
discontinuity for the arch function.  

On the contrary, timber works quite well in 
tension. The use of the timber grid for the 
reinforcement of the bridge is a probable hypothesis. 

that develop transversely due to the high 
compression forces of the arches, acting 
supplementary to the metal 1st type reinforcements. 
The small dimensio
probably used for the connection of the two arches 
of the main arch, improving their collaboration. It is 
worth to be mentioned that in relevant bibliography, 
a gap between the two arches of stone bridges is 
documented. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: West pier. The position of type 1 timber grid at the 
central arch and the holes left by the decayed timber of 
type 2 grid. Both timber grids in a fallen fragment. Nails 
found in the holes of decayed timbers. 
 

The longest timber elements (4 pieces - 

~90cm, for at least 7.5m in the mass of the West and 
East piers. The shortest elements (at least 4 pieces, 

-
3.00m, on top of the long ones, till ~35-50cm from 
the external facades of the bridge (Fig. 2, 5). So in this 
case too, the timber grid was not visible.  

It is worth to remark that the 4 longitudinal 
timbers of the 1st grid of type 2, continued outside 
the inner mass of the bridge as either tie - rods of the 
two smaller arches, or as bases in order to place over 
them horizontal timbers on which the timber 
scaffolding for the small arches was constructed. 
These timbers were roughly cut, and still pose 
questions on their actual structural role. Remnants of 
these timbers were protruding in the East pier till 
some years ago (Fig. 6).. Concerning the main 
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structural role of this grid, it seems that it serves as 
an anchorage of the arched part to the main mass of 
the piers, through its connection to the type 1 grid. 
The use of timber grids in thick masonry 
constructions as for example in city walls, or other 
similar constructions, is known from prehistory. They 
connect the outer faces of the walls, bear the tensile 
forces that are produced perpendicular to the high 
compression stresses on the masonry, and moreover, 
they consist a reinforcement placed in layers during 
the construction of a thick masonry with a lot of 
mortar, that needs a lot of time, actually years, to be 
hardened and gain its strength. It is interesting to be 
noted that for these timbers fir was used, not oak as 
it was used for type 1 grid. The decision of the 
builders to change the species of wood is not known.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: The small arch in East pier before collapse. In 
white orthogonal frame the remnants of the horizontal 
timbers of type 2 grid. In white circles the type 3 
reinforcements of the lower arch. (Courtesy. A. 
Papageorgiou). 
 
2.3 Type 3 timber reinforcements, 
placed transversely at the small arches 

The 3d type of timber reinforcement was used at 
the secondary arches of the West and East piers. At 
least four transversal timbers, of cross-section 
5.0x10.0cm, were placed horizontally at the center of 
the lower arch, through its whole width, nailed and 
anchored by metal nails (length 17cm), in distances of 
~ 1.0m in the mortar.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: The horizontal timbers (type 3 reinforcement) at 
the small arch, in a fragment of the East pier. They are 
anchored by metal nails in the mortar (white circles). 

 
 

These hardly visible timbers at the outer face of 
the arch were working structurally as the 1st type 
metal reinforcements of the main arch of the bridge 
(see 3.1) (Fig. 6,7).  

It must be highlighted that the use of timber in 
this case supports the above mentioned hypothesis, 
that the timber in this bridge was used as an 
important structural reinforcement element and not 
just for the construction face. 
 
3. METAL REINFORCEMENTS  

In Plaka bridge, as in many other stone bridges of 
the same period, metal elements were used to 
improve their structural performance. The 
circumstantial use of metal in historic construction 
was gradually generalized during the 19th century. 
The reason for this was the in situ presence of trained 
and educated engineers and mainly the introduction 
of standardized structural elements that improved 
the up until then traditional technique of the 
ironsmiths.  

The implementation of standardized steel 
elements was combined with similar improvements 
in the whole stone masonry construction, and 
allowed for a more accurate selection of the areas 
that needed to be reinforced. Moreover, the use of 
new elements was escorted with improvements in 
the joining of the metal components, one with the 
other, as well as with the masonry parts. The historic 
lead pouring technique, a common method of joining 
metal and stone elements, was improved further by 
the extra knowledge concerning the chemical 
properties of the lead and its use (Fig. 10).  

In Plaka bridge, two types of metal 
reinforcements were used. A visible one, placed 
transversely at the lower arch of the double central 
arch (“ ”), a common technique used in 
several stone bridges in Epirus (Fig. 8), and another 
one, unknown until the collapse, a grid of metal 
straps placed in different layers, hidden at the lower 
part of the bridge piers, connecting the stones near 
the foundation. In both cases, industrial steel was 
used originating mainly from England, which was 
adapted after minor treatment to the demands of the 
specific construction. Metal straps of variable 
thickness (11mm to 13mm) were used in both types 
of reinforcements. 
 
3.1 Type 1 metal transversal reinforcements, at 
the central arch of the bridge 

At the central double arch of the bridge, 20 
transversely placed horizontal metal reinforcements 
were used only at the lower arch, in distances of 
about 1.80m to 2,85m. The first ones were placed 
4.0m above the genesis of the central arch. This 
visible, due to their anchorage systems metal 
reinforcements, is a well-known technique used in 
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stone bridges of the 2nd half of 19th century and the 
beginning of 20th, mainly at West Greece (Epirus and 
West Macedonia) (Fig. 8).  

An important outcome of the on -site 
investigation on the fallen parts of the Plaka bridge, 
was the precise documentation of the dimensions of 
both the visible anchorage elements and the hidden 
metal ties. Since the width of the bridge in the middle 
of the main arch was about 3,20m and the piers were 
getting gradually wider, the length of the metal 
straps that passed though the width of the bridge 
was ranging from 3.10m to 4.00m. The cross section 
of the straps was orthogonal, ~70x13mm, while in 
one case a cross section of 66x13mm was used. The 
metal straps were industrially produced, since on one 
of the ties a stamp was found with the inscription 
JB&SONS, that may correspond to the construction 
company. The straps were probably imported and 
were afterwards adjusted by cutting and hammering 
for the specific use and position on the bridge. Traces 
of hammering are visible along their length and at 
their ends. Further research is needed in order to 
determine their origin.  

 
 
(metal keys) was ~0.70m to 0.73m. A smaller piece of 
0.55m was also found. At the middle of the length of 
the straight part of the anchor “key”, there was a 
small notch useful for the anrchoraging with the tie 
at a secure secant arrangement. The metal ties 
(straps) were positioned in a transversal groove made 
in the stones of the arch. Their structural role was the 
transversal connection of the two faces of the main 
central arch of the bridge, transferring the tensile 
forces that can be developed in high compression 
areas (Poisson effect), guaranteeing also an efficient 
collaboration between the stone elements of the 
arch. 
 
3.2 Type 2 grid metal reinforcements at the bases 
of West and East piers 

Before the collapse of the bridge, when the water 
level was low, it was possible to notice at the lowest 
area of the West pier, due to damages in the 
masonry, the use of horizontal metal elements. The 
collapse of the bridge gave the opportunity to 
investigate the internal part of these piers, and 
confirm the use of a hidden and unknown metal grid, 
placed in 4 different horizontal levels, connecting the 
stones near the foundation of the bridge and tying 
the lower part of the piers. The grids were placed at a 
distance from the exterior face of the masonry (Fig. 
9). In this system, apart from the peripheral metal 
strap, there were also two more straps placed 
transversely to the facades of the bridge, forming 3 
equal sized cell grids. The length of the 21 salvaged 
metal straps range from 1.20m to 2.00m. On one 
strap there is a stamp with the inscription R8WP or 
R&WP. A difficult to distinct symbol on the right side 
of the last letter, might be the symbol of a crown.  

 
 
 
 
 
 
 
 
 
 
Figure 8: Type 1 metal reinforcements. Ties (straps) and 
anchorage system (“metal keys”). 
 

The metal straps were anchored by visible 
external metal “keys”. At the free ends of the metal 
straps, holes of about 70-75mm length had been 
shaped, in order to be connected to the facade 
anchorage metal elements (“ ”). Metal nails 
were used as wedges for the connection of the 
anchorage elements to the ties, since the holes at the 
ends of the metal ties were about 30mm wide (Fig. 8). 
These anchors had a trapezoidal form and were 
constructed from the same straps that were used for 
the ties (Fig. 8). The length of the anchorage elements 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: The metal grids at the fallen parts of East pier. 
 

The metal straps were bended at a right angle at 
their ends, forming a dove-tail shape 4cm long, so as to 
facilitate the anchorage in special curved slots, on 
stones bigger than the regular ones, with a depth of up 
to 5cm. One to three metal dove-tailed ends of straps 
were anchored in these slots, by filling the gaps with 
melted lead. The red color that is documented on these 
stones comes from the burning of sulphur 
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that was used in order to melt the lead (Fig. 10). This 
was an old local technique in which lead was mixed with 
sulphur and iron scrap, then the mixture was slowly 
combusted and the incandescent melted the lead. The 
metal straps were positioned in special grooves curved 
on a horizontal layer of stones so as to ensure the 
cohesion and contact of the next layer. (Fig. 9). It is 
worth mentioning the following special characteristics 
of the specific metal reinforcement. Judging from 
several other examples of stone bridges the metal 
reinforcements at the foundation area were mainly 
cramps connecting adjacent stones. In this case, the 
metal reinforcement had the form of a grid similar to 
the timber one at the upper part of the bridge. It seems 
that a metal grid was decided to be used at the area 
that is either below water level or in the area that is 
revealed or concealed from the rise or fall of the water 
level. The metal elements that were found did not 
present significant corrosion problems.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: The anchorage system of the straps of the metal 
grid on the stones. 
 
4. DIGITAL FRAGMENT SURVEY AND ANALYSIS  

documented by the use of photogrammetric methods 
(Fig. 11). In order to identify the original position of 
these fragments, their corresponding 3d models were 
used for detailed geometric and constructional 
observations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Digital survey of the bridge fragments by the use 
of photogrammetric methods (3d view). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12: Virtual positioning of the identified fragments of 
the east pier and the type 1 timber reinforcement grid (3d 
view). Work in progress.  
 

These models were used to create an estimated 
partial virtual 3d reconstruction of the bridge by 
rotating and positioning the identified parts in 3d 
space in accordance to the remains of the bridge (Fig. 
12). 
 
5. CONCLUSION  

The collapse of the bridge was a terrible occurrence. 
The immediate response of the local communities, the 
authorities, the volunteer work of National Technical 
University and other scholars, the engineers and the 
craftsmen that worked on-site, made possible its 
anastylosis in 5 years after its destruction in 2015. This 
incident gave the opportunity to document and study 
the structural system of the bridge and discover hidden 
construction details and reinforcements that were until 
then not only unknown, but also unique in this kind of 
construction, revealing the high engineering skills of 
their builders. The new found information was also 
valuable for the reconstruction of the collapsed parts of 
the bridge, since it was decided to be built following the 
original form, and the original structural system. The use 
of different types of timber reinforcements, the 
extensive use also of metal ones, their on-site 
processing and adaptation to the geometric 
characteristics for each local detail, and the specific 
structural needs, the supply and transport procedures to 
the construction site, open up a new research field. It 
seems that the traditional builder obtained in this case a 
new character by introducing innovative and modern 
methods for that time. 
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ABSTRACT: In this paper we enter the open-air museum and Norsk Folkemuseum through the back door and focuses on how the 
museum's production of a timescape is infused with toxic and harmful chemical substances. Throughout the 20th century, it has 
taken place a close entanglement between pesticides and biocides, timber and homes. To conserve the build heritage, harmful 
chemical substances such as Carbolineum and Bernakre have been used. We label this practice as a linear concept for conservation 
that arrives from the idea about museum as a place for eternity; a place where time ceases. This idea is then mixed with physical 
substances from industrial chemistry. The harmful chemical substances are not only a chemical alteration of things and the 
buildings materiality, it also transformed the relationship to tradition. The museum conservators tried to control the future, but 
instead of making eternal salvation, the result makes the open-air museum more look like a long-lasting hell. The current situation 
being that a number of buildings at open-air museums are toxic and becomes a biological risk for both nature, the people working 
at the museums and their guests. The recognition that many of the perhaps most important and beautiful cultural-historical 
museum buildings - including buildings from the Middle Ages - possesses large amounts of harmful chemical substances, will 
influence our future practices for use and preservation. In this paper we will present our first findings from a preliminary research 
project about how risk handling practices have been changing throughout almost 150 years and reflect about how we ought to 
handle these current risks in the future. 
 
KEYWORDS: Museums, toxification, timescape, risk and conservation practices. 
 
1. NORSK FOLKEMUSEUM AND NUMEDALSTUNET 

The point of departure for this paper is the first 
findings from a pilot research project about the use of 
toxic and harmful chemical substances in conservation 
practices in Nordic museums during the 20 and 21st 
century. The research project named Heritage Toxics: 
rethinking conservation practices for the 21st  Century, 
is concerned with toxic heritage within open air 
museums. It uses the term toxic heritage to both 
addresses the harmful chemical substances that have 
been used in museum conservation practices for a long 
time, but also to emphasize the lack of sustainable 
practices within the traditional heritage regime. 
Hopefully, these findings will be the springboard for a 
larger research project we now seek founding for.  

The empirical point of departure is Numedalstunet 
at Norsk Folkemuseum in Oslo. Numedalstunet was 
one of the first farmyards at the museum. Here we find 
three wooden dwellings (stue) from the 13th to the 
18th century; Raulandsstua (1240), Grøslistua 
(1650), and Værårsmostua (1750-1800), as well as 
several outbuildings. Raulandsstua and Grøslistua 
were among the first five buildings set up in Norwegian 
Folkemuseum's open-air department in 1899 [1]. 
Based on material from the museum archives at Norsk 
Folkemuseum, contemporary museum literature, and 
many years of practice with handling these wooden 
museum buildings, we will outline some of the 

cultural-historical narratives that are attached to the 
buildings and their conservation history.  

So let`s go back to Numedalstunet. In the 
museum's guides, the three buildings are presented as 
historical examples from the Numedal district with 
their farm names and as representative types for the 
local vernacular architecture. Thus, geography was a 
strong organizing principle, as it was for large parts of 
the rural culture that were presented at the different 
folk museums  [2], [3, p.143]. At the same time, some 
of the oldest elements of the rural culture were also 
arranged chronologically and based on a timescale. 
The Museum director Hans Aall (1869-1946) believed 
that "cultural monuments from the rural areas and the 
more urban-affected districts are, in the case of older 
times, best arranged according to time" [2, p.30]. Aall's 
principle of order was based on contemporary 
evolutionist theories of cultural development in which 
the houses developed from the simple to the more 
complex and better. The three dwellings were also set 
to represent their historical epochs: the Middle Ages, 
the Renaissance, and early industrialization. Not least, 
they were part of an overall Norwegian national 
identity project that occurred in Norway from the 19th 
Century. At this time, it was important to find the 
Norwegian soul and emphasize the typical Norwegian, 
in which the self-owned farmer was presented as the 
main figure.  

As such, these three buildings have their cultural-
historical narratives that are being told to the museum 
public. In cultural-historical communication and 
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research, the primary value and meaning of things was 
located in what they once were - in their original 
function and use and thus also in their ability to tell 
about a bygone era. This is a useful value we have 
ascribed to things, specifical things in the museums of 
cultural history [4]. It is also such a past-oriented 
communication of ideas and knowledge that we 
mainly find at Norsk Folkemuseum and the other 
Nordic open-air museums in their presentation of the 
buildings. But as we have already mentioned, there is 
also a parallel but not so the well-known narrative of 
knowledge about the same three museum buildings, 
that we now want to open up. This narrative is about 
how the museum workers strived to handle risks and 
timescapes and how they came to distribute these 
tasks to the new and promising chemical substances 
they brought into the conservation practices. 
 

 
Figur 1: The Numedalstun at Norsk Folkemuseum with 
Veråsmogstua at the far left and the Grøslistua at right hand 
side. Raulandsstua is located in the right side of the picture. 
Parts of the two story loft in the middle is dated to 1204. 
Photo: Norsk Folkemuseum. 

2. THE HARMFUL CONSERVATION HISTORY AT NORSK 
FOLKEMUSEUM 
The buildings at Numedalstunet, are enrolled in an 
overall narrative about cultural heritage that deals 
with the material existence of the buildings. It deals 
with ideas about duration, procedures, people, and 
tools that also were involved in the museum's work to 
maintain the buildings. It is about the harmful 
chemistry that the museum used diligently.  

To trace this part of the narrative we have 
investigated the maintenance protocol of the open-air 
museum of Norsk Folkemuseum [5] and to written 
books about museum conservation practice. The 
maintenance protocol says that three buildings at 
Numedalstunet have undergone several treatments 
during the first half of the 20th century. From the time 
when Raulandsstua and Grøslistua were set up at the 
museum in 1899, they were both oiled in 1911 and 
1915. In 1915, Raulandsstua was taken down, 
“disinfected”, and reassembled. The same thing 
happened with Grøslistua a few years later, in 1922. In 
1924, Raulandsstua, Grøslistua, and Væråsmostua 

were inserted with Carbolineum, oiled , and tarred. In 
1932, Raulandsstua was again oiled, tarred, and 
treated with the Carbolineum. Grøslistua received the 
same treatment in 1934, and Væråsmostua in 1930. 
Then in 1939 all the living rooms were treated with 
Bernakre, oiled, and tarred. What kind of treatment 
the buildings received after 1945 is not stated in the 
protocols, and so far we have not been able to find any 
sources for this.  

 
Figure 2: Stue fra Søre Rauland (Raulandsstua) from 
Numedal is the oldest dwelling house at the museum, from 
the middle of the thirteenth century. The water from the sod 
roof drips to the ground, and splashes back on the wall, at 
the sill log, especially next to the doorstep. The water is 
thereby washing out the harmful chemicals, sending it into 
the ground and the surrounding environment. Photo: Norsk 
Folkemuseum. 

The maintenance protocol was primarily a tool for 
the museum's workers in the period between 1900 to 
1940, to keep track of the buildings' treatment, giving 
an insight into the building's care work: what kind of 
treatments were used and what kind of time cycles 
followed the work. Until 1915, we have no sources of 
comprehensive procedures carried out with the 
buildings. The buildings were then only oiled with raw 
“østersjøolje”, linseed oil, and tar. According to Aall 
himself, both the museum's conservation department 
and its techniques were in their very infancy during the 
museum's first decades [6, p.37]. In 1915, however, 
the museum took a more radical approach, when they 
dismantled Raulandstua and then disinfected it only 
16 years after the re-erection of the building. 

In 1922, Grøslistuen went through the same 
procedure, and they were impregnated with 
Carbolineum. Carbolineum, also called coal tar, was a 
substance known for its protective properties as early 
as the end of the 19th century [7]. Initially, it was a 
waste product from the gas industry, since the coal 
contained creosote [8]. Creosote impregnation of the 
wood became a method to give the wood a longer life. 
First, it was used on railway villas (1846), then it spread 
to the telegraph poles, to wooden fences, and farm 
buildings writes the British researcher Betts about the 
situation in Great Britain [8]. Carbolineum was a tar 
product, a type of tar oil formed by the distillation of 
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coal tar and consisting of a mixture of phenols and 
naphthalenes. Its creosote content was also 
considered very effective against the attack of 
bacteria, fungi, insects, and other harmful organisms 
in wood. The Carbolineum is a carbon derivative and 
an insecticide that was used both on buildings and 
plants and in various types of barns to keep insects 
away [9, 10]. At the same time, it was a recommended 
substance for all wood that either stayed in the water, 
stood in the ground, or stood outdoor [11, p.41]. In 
Museum director Hans Aall’s book Work and order in 
the cultural heritage museum, written in 1925 [2], we 
find several descriptions of conservation practices. 
Here Aall writes about how the Carbolineum was 
applied to almost all parts of a museum building under 
their re-erection as a part of the effort of controlling 
the risk associated with fungi, insects, and rotting 
wood. 

Carbolineum was therefore a substance that was 
considered so effective that it replaced the previous 
disinfection, and the museum's workers applied this to 
the buildings regularly. From 1939, however, we see 
that Carbolineum was replaced by Bernakre. Bernakre 
was a Norwegian-produced alternative to 
Carbolineum, and it consisted of a mixture of equal 
parts creosote and antiphrastic. After the building was 
sprayed with Bernakre, it was also infused with a 
mixture of tar and raw linseed oil [12]. From the mid-
1930s, Bernakre became the normal remedy in the 
conservation work but it was not a substance that was 
specifically developed for museum buildings. Bernakre 
was advertised as a wood preservative suitable for 
most areas: sports areas, fences, masts, and 
summerhouses. According to advertisements for the 
producers of Bernakre, it was claimed that the wood 
was impregnated to the core after a short soak in 
Bernakre. This meant that Bernakre was said to 
penetrate as far into the wood as creosote oil without 
pressure-treatment or the full impregnation method 
[13].  

 
Figur 3: The protocol for treatment of the buildings collection 
at Norsk Folkemuseum. Here, we can read that 
Raulandsstuen was dismounted, disinfected and re-erected 
in 1915, while Grøslistuen got the same treatment in 1922. 

So far, we have not been able to trace major 
controversies associated with these chemical 
treatments in the early historical sources. In this 
respect, we believe that there was a unified 
agreement about the treatment of the old timber 
buildings among the museum conservators. In one 
case, however, we have found a trace of criticism, 

which emerges in a conversation the ethnologist and 
museum curator Hilmar Stigum had with museum 
director Aall in the 1950s. It is Stigum who refers to this 
conversation. The starting point is his concern about 
the unfortunate dark brown color the Carbolineum 
gave the treated museum buildings. Stigum writes:  

 
Aall realized that I was in physical pain. One day we 
went for a walk in the museum, he told me his view 
on the matter: "We cannot expect Norsk 
Folkemuseum to stand as long as the globe, but if 
we in our preparation can make the houses stand 
1000 years longer than they otherwise would have 
done, I believe that what we do is justified”. I did 
not answer anything at the time, but I thought that 
it is at least a matter of finding a preparation that 
does not spoil the appearance of the houses so 
much, and such forms of preparation have now 
been found [14, p. 29].  
 

The preparation method Stigum refers to in this 
quotation is Bernakre, which was a Norwegian 
produced version of Carbolineum that did not give the 
buildings the same dark brown color as Carbolineum 
did. Common to the preparation practices with 
chemicals was that they were based on a radical 
transformation of the materiality of the wood - which 
means a change of the quality of the material. As 
Stigum's concerns show, it was not primarily the 
different smells of the buildings, that the materials had 
to be read in new ways to understand what happened 
to the wood or that the substances could be harmful 
to the surrounding environment. What occupied 
Stigum was the color of the buildings and the fact that 
they moved away from their previous aesthetics since 
there was no tradition for painting or staining the 
buildings in the countryside. It was primarily the visual 
disturbances he was worried about.  Another factor 
that we also see from the conversation is that the 
conservation methods and the funds that are used are 
subordinate to the overall museum project, which is 
about giving the museum's buildings an almost eternal 
life. Here, Aall estimates the museum's period to be 
1000 years, and as such he is inscribing his museum 
into the Christian millennial kingdom.  

We can find the continuity of more transparent, 
but still harmful practices at the museum. Arne Berg 
was working at the museum from 1949 and 
responsible for the buildings collection at the museum 
from 1969 [15]. According to him, the main products 
used in the post-war period were Xylamon, 
Antiparasit, and Fungitox [16] and this is confirmed 
through David Hauer`s work with the correspondence 
archive at the museum. As such, it may look like the 
aesthetics concerns expressed by Stigum, might be 
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one cause for the museum to change its conservation 
practice in the post-war period and move away from 
the coal tar product and move over to synthetic 
industrial chemistry.  

The maintenance protocol of Norsk Folkemuseum 
and the few other historical sources we have found so 
far opens up for a completely different history of 
knowledge than the humanistic and past-oriented 
cultural history that the museum likes to 
communicate. Here we meet a heritage history that is 
closely connected with the nascent industrial society 
and its new chemical compounds developed to ensure 
the durability of modern society, houses, and facilities. 
We also meet the natural sciences and the handy 
museum work which both Raulandsstua, Grøslistua, 
and Væråsmostua became a part of. As such, we will 
argue that the museum heritage work was established 
with the modern chemical products and that Norsk 
Folkemuseum also made itself dependent on these. 
The harmful chemical substances should stop the 
decay and thereby protect things from themselves, 
their materiality, and the natural processes. The toxins 
were supposed to freeze the timber buildings and stop 
the time so that they forever could last as “historical 
documents” [2].  

The toxins were supposed to keep the insects, 
fungi, and decay away and as such it also redistributed 
the responsibility for the timber buildings to the 
chemicals – so that the museum workers that were 
supposed to look after the museum buildings could do 
other things. One such task was to re-erect new 
museum buildings in the open-air museum since this 
happened at a time where the museum was 
expanding. The redistribution of responsibility for the 
timber as well as risk handling and a strong idea of 
eternity for the museum buildings seems to be an 
important aspect of this practice and museum history 
- which as we see, is closely connected to the ideas for 
the modern society. 

 
3. TOXIC HERITAGE AND FUTURE HERITAGE 
MANAGEMENT 

The situation today is that the museum must deal 
with museum buildings filled with harmful chemical 
substances that pose both an environmental risk and 
a health risk to the museum's employees and visitors. 
The buildings have assumed a chemical resistance 
against decay while they also continue to change. We 
can smell the evaporation of the chemicals. With rain, 
the chemicals are washed out and transported into the 
surrounding environment. The wood changes 
character, it moves, absorbs water and is again open 
for decay. The alterations never stop.  

Though we do not know how the extent, types, and 
volume of used harmful chemical substances at the 
museum, we only know that the toxic conservation 
practices have established new material connections 

in these buildings. The toxic timber behaves 
differently, they have to be read in certain ways if we 
should understand the processes that are going on.  In 
addition, in the future, the toxic timber has to be 
handled in ways we don’t know yet – but which are to 
be explored. 

According to critical heritage studies, cultural 
heritage must be understood as a future-oriented 
project [17]. Establishing a past is a present project, 
which connects to several interests and which points 
forward to many different, possible futures. This has 
become particularly clear in the knowledge practices 
associated with the museum buildings at 
Numedalstunet at Norsk Folkemuseum. So, what 
now? How should we deal with complex and toxic 
museum buildings like this, theoretically and practical: 
What kind of narrative and ideas should the toxic 
buildings be a part of? How should we bring the toxic 
buildings into a museum’s future? 

Theoretically, this materiality makes it obvious that 
heritage production is a future-oriented project, not 
only in the way the past was constructed but also in 
the way the materiality was handled and preserved. 
When the preservation of the vernacular objects of 
culture is done with the modern industrial products, 
something happens, not only with the object itself. The 
vernacular built heritage is soaked with industrial 
products and the material existence of the building 
thereby becomes a kind of industrial heritage as well.  

The question then is how the value assessment will 
be influenced when we start to question the practices 
of mixing medieval timber structures with modern, 
industrial chemistry. Another question, which is 
closely linked to the epistemological and theoretical 
one, is how we should handle the materiality of the 
buildings. What kind of conservations regimes should 
the buildings be brought into and how would this 
affect the heritage value of the buildings? 

According to the Norwegian social geographer 
Inger Birkeland [18], nature seems to be “the 
neglected other” in our industrialized world. That is 
why she also argues that sustainable heritage 
management must reflect a conscious inter-
generational and non-anthropocentric view of the 
industrial landscape. As such, she wants to bring a 
“more-than-human-perspective” into the industrial 
heritage and an ethical approach to heritage 
management. Birkeland argues:  
 

Use and re-use of industrial heritage must be 
embedded in the values and interests of those who 
have stakes in the industrial landscape, but most 
important, should include the care of the physical 
landscape. These questions concern cultural 
sustainability understood as eco-cultural justice, 
justice in relation to local values and justice in 
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relation to nature, and the overall role of culture in 
sustainable community development [18, p.2].  

 
We can recognize these perspectives of including 

not only the experts but also the external stakeholders 
from the discussions of Muños-Viñas, in what he labels 
as “negotiating conservation” [19, p.30]. He draws a 
parallel to “sustainable conservation”, pointing at the 
need for both economic, cultural, and symbolic 
sustainability, and thereby looking to the future, 
rather than the present situation.  

We are arguing that the toxic paradigm for 
buildings preservation has a linear time perspective 
and that it is based on the idea of authenticity as an 
objective characteristic inhabiting the object itself and 
that this could be protected into eternity. The object 
is, however, only truly authentic, as is, here and now.  

We want to investigate a change in perspectives 
from a linear and toxic to a circular or “ecological 
approach” [20]. The UNESCO Convention for 
protecting the intangible cultural heritage has become 
an important force for shifting the power within the 
field of preservation. The new museum perspectives of 
protecting the intangible cultural heritage as well as 
the materiality itself [21], provides a new set of tools 
in the toolbox of conservation since the two are now 
given the same value. For the protection of the built, 
vernacular heritage, the museum must then protect 
both the building and the knowledge of building and 
protecting it through the same process.  

It is not given how to proceed when we are to make 
new and different choices. We are therefore 
establishing a research project to investigate how to 
treat our toxic vernacular architecture sustainably. 
Here, we will focus on the relationship between the 
tangible and the intangible aspects.  

First of all, we are to study the actual materiality of 
the buildings.  It is important to figure out what 
chemical substances have been used and how they are 
evaporating into the air, located in the dust and the 
ground. The information on the different toxins and 
the concentration will help us to decide how to use 
and treat the buildings in the future. And of cause, 
what preventions to take when we are to make 
interventions.  

To undertake this task, we will need a good dialog 
within the professional milieu consisting of the many 
different branches. If we are to take the intangible 
cultural heritage seriously, the craftspeople need to be 
included in the processes from the beginning. Often 
the research within building preservation is done 
through full-scale experiments. The goal is to go into 
different buildings, undertaking conservation 
processes, and thereby investigating our processes 
through the methodology of action research. One 
aspect here is how to handle the safety of the museum 
worker. How can we intertwine with the buildings for 

maintenance, how should we act to repair the 
buildings, and at last, what should we do to protect the 
buildings through preventive preservation, stabilizing 
conservation, and repair?  

The practical intervention of several buildings at 
several museums in Norway will help us to discuss real 
cases throughout the project. One of the main aspects 
to investigate is to figure out if we are to replace entire 
units of timber or if it is feasible to join parts within the 
idea of minimum intervention. The overall question to 
investigate then becomes what is the cultural and 
scientific value of medieval wood that is filled up with 
industrial chemical toxins.  

 
4. CONCLUSION 
By starting the process of research, we are taking part 
in both the cultural, social, and material sides of the 
past and future practices at the museum. Because 
there are Health, Safety, and Environment issues at 
risk, the exploration will have its own dynamics. It will 
not be only applicable within the open-air museums 
since the same products also have been used for 
protecting the built heritage outside the museum 
fences. This relatively confusing and diverse industrial 
heritage of the museum brings with its turmoil, or 
trouble as the theorist of science Donna Haraway 
would put it. It is a turmoil we can neither escape from 
nor leave to a progressive future which, through 
technological innovations, will "solve the problem" for 
us. In the book "Staying with the trouble", Haraway 
explains the term "trouble" with the French word to 
stir up, to cover up, and to disturb [22]. Haraway 
argues that dealing with trouble and distraction 
requires a deep presence in an ongoing present. Yes, it 
requires that we are present as moral critics 
intertwined in countless unfinished configurations of 
places, times, cases, and meanings [22], she writes. 
Haraway, therefore, does not encourage us as 
researchers to necessarily "clean up", but rather to 
maintain the messiness [23, 24]. In line with this, we 
therefore aim to make the first attempt to approach 
the messy museum history, following the suggestions 
from Donna Harraway [22] to “stay with the trouble” 
and thereby, new perspectives and practices will 
unfold.    
 
ACKNOWLEDGMENTS 
Throughout this project, we have had an important 
dialog with Stian Myhren at Section for Buildings 
Preservation at Norsk Folkemuseum and Torgeir Rinke 
Bangstad at the University of Tromsø – The Arctic 
University of Norway. 
 
REFERENCES 
1. Hegaard, Tonte (1994). Hans Aall - mannen, visjonen og 
verket. Oslo: Norsk Folkemuseum. 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

225

2. Aall, Hans (1925). Arbeid og ordning i Kulturhistoriske 
museer. Kort veiledning. Oslo: Norske museers 
landsforbund. 
3. Eriksen, Anne (2009). Museum – en kulturhistorie. Oslo: 
Pax forlag. 
4. Petursdottir, Thora and Olsen, Bjørnar (2019). “Tingenes 
verdi- museets arv”. Ottar 325 (2). S.31-40 
5. Gamle bygninger. Vedlikehold. Arkiv. Norsk 
Folkemuseum.  
6. Aall, Hans (1920). Norsk folkemuseums 1894-1919. Trekk 
av dets historie. Oslo: Norsk folkemuseum. 
7. Nicolaysen, Carl (1893). Teknisk Organisk kjemi. 
Grundrids. Kristiania og København: ALB Cammermeyers 
forlag. 
8. Betts, W. D (1991). “The properties and performance of 
Coal-Tar. Creosot as Wood Preservative”. In: The Chemistry 
of Wood Preservation, R Thompson (eds.). Cambridge: 
Woodhead publishing Limited. 
9. Holtsmark, Bernt (1897). Husdyrlære. Kristiania: Grøndahl 
og Søns forlag. 
10. Aashamar, J.O (1898). Tidsmæssig fjøsdrift grundet paa 
melkeproduktion: en kort veiledning i melkekjørs avl, 
opdræt, fodring og øvrige stel for den norske bonde. 
Kristiania: Olaf Norlis forlag. 
11. Spørsmål og svar, (1934). Oslo: Alf Bjerkes forlag  
12. Høibo, Roy (2017). Varmare, våtare, villare. Rapport om 
museas møte med klimautfordringane. Byggnettverket og 
håndverksnett. Ryfylkemuseet. 
13. Norsk Teknisk Museum. Bedrifter. Available:  
http://industrimuseum.no/bedrifter/williamnagela_s 
14. Stigum, Hilmar (1956). Museumsmøte i Gamle Bergen. 
Gamle Bergens Museum. 
15. Bjørkvik, Halvard (1988). Forord. Festskrift til Arne Berg. 
In: By og bygd nr 32. Årbok for Norsk Folkemuseum. Oslo.  

16. Hauer, David (2007). Bruk av ikkepigmentert 
overflatebehandling ved konservering av trebygninger, med 
vekt på steinkulltjære og steinkulltjærederivater. En 
sammenlignende analyse av forholdet mellom 
overflatebehandlinger og fuktdynamikk. Masteroppgave i 
konservering. Institutt for arkeologi, konservering og 
historie. Universitetet i Oslo. 
17. Harrison, Rodney (2015). “Beyond “Natural” and 
“Cultural” Heritage: Toward an Ontological Politics of 
Heritage in the Age of the Anthropocene”. In Heritage and 
Society, vol 8, number 1. pp 24-42. 
18. Birkeland, Inger (2015). «Valuing industrial heritage in 
the Antropocene”. In: TICCIH bulletin, number 69, third 
quarter 2015. P. 1-2. 
19. Muños-Viñas, Salvador (2012). Contemporary theory of 
conservation. In: Studies in Conservation. Volume 47. Taylor 
and Francis.  
20. Larsen, Knut Einar and Nils Marstein (2000). 
Conservation of Historic Timber Structures. An ecological 
approach. Manual. Butterworth-Heinemann Series in 
Conservation and Museology. Oxford.  
21. Planke, Terje, Anne Kristin Moe & Thomas Walle (red.) 
(2018). Innledning. Immateriell kulturarv på museum: By og 
Bygd, årbok for Norsk Folkemuseum 47. 
22. Harraway, Donna 2016. Staying with the Trouble. 
Making Kin in the Chthulucene. North Carolina: Duke 
University Press 
23. Law, Jon 2004. After method: mess in social science 
research. London: Routledge.  
24. Lien, Marianne, Nustad, Knut G. og Ween Guro 2012. 
“Introduksjon. ANTropologiens grenseflater”. Norsk 
Antropologisk tidsskrift, vol 23, nr. 3-4. p. 214-224. Oslo: 
Universitetsforlaget.  
 

 



226



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

227

 Education in sustainable development for 
vernacular heritage buildings



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

228

A Landscape of Emergence: 
The Rise of Eco-Urbanism in Abu Dhabi  

 
NORA MASSOUH  

 
MZ Architects, Abu Dhabi, U.A.E  

 
 

 
ABSTRACT:  The Emirati Oasis began as a dream; from sand dunes and vernacular landscapes, under the heat of 
the splendid sun, the U.A.E had developed into a modern nation state with the visionary revolution of its human 
spirit. Its contemporary identity has been moulded by the numerous challenges it faced; respecting its 
vernacularity while aspiring towards becoming a global, sustainable, thriving and economically powerful nation. 
From historical aflaj canals, to innovative projects which engage elements of Emirati natural landscapes with 
contemporary architecture, this paper explores the symbolism of the oasis and its transformative emergence from 
the desert. This study analyses Abu Dhabi’s urban infrastructure through the capital’s 2030 vision which takes an 
essential focus on sustainability and the rise of eco-urbanism. The contribution of masterplan urban and coastal 
developments in the Emirate of Abu Dhabi and their engagement with climate responsiveness is mapped in this 
paper. Ecological and Sustainable urbanisms are notions of emergence on which I will expand, particularly through 
the examples of Yas, Reem and Saadiyat Islands. A focal climate-responsive environment in Abu Dhabi is Masdar 
City, and I will be analysing it through the lens of its initiative to become the United Arab Emirates’ zero-carbon, 
pollution-free exemplar city, and the manifestation of Abu Dhabi’s sustainability Program, i.e., Estidama. The 
engineering behind the creation of sustainable eco-urban environments like Masdar engages vernacularity of the 
Arabian desert to emerge as oases of versatility and innovation, with the aim of giving rise to an environmentally-
aware Emirati community. 
 
KEYWORDS: Energy, Eco-urbanism, Sustainability, Climate Change, Vernacular  
 

 
1. INTRODUCTION  

It is said that upon witnessing an oasis in a dream 
that the harshness of the arid desert landscape 
softens, and the glistening body of water that reflects 
clear skies and the rays of a thousand waves of sun 
grants us positivity and signifies a prosperous future. 
The mirage reflected through the majestic, golden and 
velvety desert landscape reflects monumentality of a 
land of countless opportunities.  While the word 
‘desert’ may be reflected as a synonym to ‘desolate’, 
‘barren’ or ‘uninhabited’, this central 
misunderstanding of a vernacular landscape so vital to 
the existence, culture and livelihood of thousands of 
tribes, for thousands of years [1], inhibits the 
imagination of urban emergence from the Arabian 
desert. In her book, ‘Planning Abu Dhabi: An Urban 
History’, Emirati urban planner and researcher Alamira 
Reem Bani Hashim, explores the social, economic and 
political factors that shaped and transformed the Arab 
Gulf city, ‘from a small native village’ into a 
cosmopolitan entrepreneurial arena at world stage. I 
specify in the title of my paper that urban 
environments and the landscapes I wish to explore are 
a result of emergence, which Bani Hashim attests by 
stating that cities do not simply exist in a political and 
economic vacuum, nor do they emerge from a void [1]. 
The examples of ecological and sustainable urbanisms 
at Yas, Reem and Saadiyat Islands, on which I will 

expand further in this paper, reflect the idea of an 
emergence from the non-void that is the desert 
landscape. Equally, Masdar city which engages 
vernacularity with sustainability enrich the idea of an 
emerging oasis within the context of the desert. 

Abu Dhabi’s evolution from a small native village, 
desertous in nature, into an urban phenomenon that 
signifies defiance, resilience and innovation within 
challenging environmental and climatic contexts, is 
the central discussion of this paper. We can picture the 
emergence of urban environments in Abu Dhabi as a 
choreographed yet organic journey through seamless 
and edgeless sand dunes which take us into a luscious 
oasis, surrounded by the shade of palm trees. Abu 
Dhabi, which means the Father of Gazelle, as its Arabic 
name translates, was inaugurated as the Capital City of 
the UAE in December 1971 [1]. With reference to Bani 
Hashim’s anecdote on the political power of 
leadership that led the Capital to monumental growth, 
it was the manifesto of late visionary Sheikh Zayed Bin 
Sultan Al Nahyan, the ruler of Abu Dhabi from 1966 to 
2004, and President of the United Arab Emirates from 
1971, which sought rapid urbanisation of native 
landscapes. Between the traditional nature of the 
Arab-Islamic framework in which the Emirates is 
positioned and a pursued modern vision, the U.A.E had 
developed into the modern nation state that it is 
today. Its contemporary native identity was developed 
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out of the myriad of challenges that faced the 
Emirates; responding to the authenticity of its local 
culture and heritage, while aspiring a global desire to 
become a sustainable, thriving and economically 
powerful nation.  My argument is that the emergence 
of Eco-urbanisation in Abu Dhabi evolved from the 
complexity and intricacy of this contrast, with 
sustainability (i.e., Estidama) being the main driving 
force. 

 
2. THE EMIRATI VERNACULAR & EARLY URBANISM 

Emirati culture takes pride in the poetics and 
aesthetics of the desert; Nabati and chanted poetry, 
like Al Taghrooda, give voice to the essence of the 
Bedouin life and reflect on the vernacular scene of 
camel riders and herders passing the long hours during 
their desert treks on camelback [2]. Sailing to the east 
of the Sweihan, Al Fayah and Al Ajban areas’ sand 
dunes, we are greeted with the coastline of Abu Dhabi 
as it merges with the Arabian Gulf. In effect as much as 
the desert is an essential cultural, social and economic 
landscape to the Emirates, the maritime life has 
equally played a critical role in the life and history of 
the country and the emergence of coastal urbanism. 
From pearling and fishing, to merchants’ trading 
points along Al Mina ports and the powerful act of 
shipbuilding, the sea has always been important to the 
harsh and resource-scarce nature of the desert 
environment [2]. The emergence of architecture and 
urban contexts in the UAE embodied symbolism of the 
desert and the nourishment of the maritime life, and 
developed in the 18th and 19th centuries as a 
response to specific social and environmental 
conditions; spatialising as such Emirati urbanism [3]. 
Houses, mosques, spice souqs, market places and 
fortified buildings shaped the Emirati traditional and 
vernacular settings and were influenced by tribes and 
trades [3]. Modern urban developments which are 
Islands created off the coast of Abu Dhabi and 
interlinked via highways and bridges, like Reem, Yas 
and Saadiyat Islands, engage modern Emirati 
Neighbourhoods before other typologies, in line with 
Abu Dhabi 2030 Plan ethos and in respect and 
engagement with a locality cherished for its history 
and influence [4]. 

 
Figure 1: Abu Dhabi’s Urban Context within 5 Km – 10 Km. 

2.1 The Emirati Fareej 
In contrast to the skyscrapers which light-up Abu 

Dhabi at night, stretched along the coastal Corniche 
promenade, is an urban unit that transverses the 
Emirati indigenous identity and spatialises it within a 
seamlessly-integrated context. The Emirati 
neighbourhood’s emergence, within urban, desert and 
eco-village environments, is crucial to my argument as 
a retrospective analysis to earlier forms of urbanism in 
Abu Dhabi and in juxtaposition to more Westernised 
urban blocks in Saadiyat, Yas and Reem Islands.  The 
smallest unit of an Emirati Community’s 
neighbourhood is the ‘Fareej’- a low-density cluster of 
homes large enough to accommodate an extended 
Emirati family centred around a court known as Al 
Baraha [4]. There is a defined almost rigid pattern to 
spatialising Fareej in a manner of respecting family 
hierarchy through revered community privacy, 
articulated through shaded Sikkas (or narrow 
laneways) which lead to public yet protected Barahas 
(or courtyards), and the dynamics of pedestrianised 
urbanism that occurs within this context. In 
accordance with Abu Dhabi’s plan 2030, Emirati 
Neighbourhoods’ connectivity through shaded 
pedestrian walkways are essential to link residents to 
community facilities, namely mosques, retail, schools 
and open spaces [4]. Spatial typologies which are 
central to community identity in the Emirates, include 
places of worship, and as such the inclusion of a 
community mosque, ideally within a walking distance 
of 400m for residents, connected by pedestrian 
pathways, to access [4]. Rather than considering mud-
brick Emirati Fareej as a frozen nostalgic image of 
vernacular life pre-modernity, Plan Abu Dhabi 2030 
considers the strategy of not only integrating the 
housing cluster within the context of contemporary 
living as ‘building blocks’ to an evolving city; but in 
addition, to avoid segregation between Emirati and 
expatriate housing and create a seamlessly connected 
urban fabric [4]. 
 
2.2 Majlis and Liwan  

Centred on the idea of family privacy and 
protection, as a response to specific socio-cultural and 
environmental conditions, Emirati vernacular 
architecture was spatialised with the Majlis and Liwan 
as essential elements of Emirati housing. The majlis, 
the central space of congregation, emerged as an 
architectural element within traditional Emirati 
courtyard housing typologies as a space of conserving 
privacy and dignity [5]. It was seen as an extension of 
the status and formality of a household, and gender-
specified in that it was designed to allow public 
interaction for male members and therefore dignity 
for the female family members [5]. The Liwan, which 
can be viewed from the perspective of Western 
architecture’s equal, the front yard, is the shaded 
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portico preceding private family spaces in Emirati 
housing. The duality of the public and private natures 
of Emirati vernacular housing, and the consistent 
presence of the Majlis and Liwan, proved their essence 
in the spatial hierarchy of Fareej settings. Plan 2030 
calls for the revival of Emirati housing within a 
contemporary eco-context. Their re-emergence within 
evolving, responsive and adaptive urban 
developments, like Saadiyat and Reem Island’s 
modern Emirati neighbourhoods, positioned them as a 
central cultural entity with the rapid sprawl of 
modernity in the U.A.E. An essential section of this 
paper is the discussion of a binding, legislative plan, 
The Abu Dhabi 2030 Plan, and in reflection to 
sustainability of the vernacular, the plan’s call to 
regulate the orientation of buildings to promote 
passive cooling strategies while retaining and 
preserving essential elements to local identity, has 
allowed a climate-responsive reinterpretation of 
Emirati traditional housing [4]. 
 
3. FROM THE DESERT TO THE GREEN 

From the vernacular 'aflaj', underground qanats, or 
canal systems, to a landscape-changing irrigation 
manifesto, Sheikh Zayed was able to alter the aridity of 
a natural landscape to adapt a water resource 
management system that would be revolutionary to 
the climate of the Emirates. One of the most 
challenging aspects of creating sustainable eco-
urbanism within the arid climate of the Emirates is 
water. The U.A.E has a hyper-arid climate with less 
than 100 mm/year of precipitation and a very high 
potential evaporation rate of 2-3 m/year, with a very 
low groundwater recharge rate of 4% of total annual 
water use [6]. As there are no reliable perennial 
surface water resources, an insurgent influx of more 
residents to inhabit more space within emerging urban 
developments, and the projected climate and resource 
challenges within the Emirates, the pressure on cities 
to adapt and respond to these challenges is 
overwhelming, particularly on existing water 
resources [6]. Estidama as a sustainability program 
places a stringent focus on implementing water-
sensitive urban design through landscaping and 
irrigation projects in Abu Dhabi and Al Ain. Dr. Rezaul 
Chowdhury, Assistant Professor | Water Resources at 
the Department of Civil and Environmental 
Engineering at UAE University, argues that the water 
sensitive urban design approach to urban planning and 
in new developments in the UAE aims to integrate the 
total water cycle into the urban development process 
and as such act as a mitigation strategy, not only in line 
with Estidama as a sustainability policy but as a 
climate-responsive and adaptive avenue to 
sustainable eco-urbanism [6]. 

In 'Landscape Practice in the Middle East between 
Local and Global Aspirations', Sareh Moosavi, Jala 

Makhzoumi and Margaret Grose relate the concept of 
the search of a landscape identity between the 
constructed and the natural through environments 
that 'engage with locality' and reflect on the 
'vernacular'; all through an act of designing with and 
not against prescribed ecological narratives [7]. While 
the desert landscape possesses its own unique 
aesthetics and poetics, the narrative of an emergence 
from a topography of sand dunes proves to be 
persistent in an ever-evolving urban scenario. Moosavi 
et al. use the 'desert to a green oasis' analogy with 
response to the manifestation of landscape 
transformations in the desert landscapes in the Middle 
East; the evolution of sand dunes to a wadi, or the 
dryland river, from dryness to arability [7]. The conflict 
between vernacularity and modernism is interpreted 
in the vitality of the latter over the earlier, Moosavi et 
al. argue; this signified an emerging shift in landscape 
practices in the Middle East on a macroscale and 
redefined what it is for a landscape to be vernacular 
and responsive to cultural nuances [7]. I often reflect 
on the transformation of a desert into an oasis as 
organic, elemental, connective and reflective. A 
conceptual landscape and urban project that reflects 
the essence of the Emirati landscape vision is London-
based Heatherwick Studios' design for Al Fayah Park in 
Abu Dhabi. With the appearance of a cracked earth, it 
seeks to redevelop an existing park near Zayed Sports 
City 'to create a lush, multi-use 125,000sqm oasis that 
will be shaded by 20m high architectural canopies 
mimicking a cracked earth desert landscape', 
Heatherwick Studios add [8]. In effect projects that 
metaphorically reflect on the concept of a shaded 
oasis breaking from the earth's terrain is a great 
signifier that the UAE's major cities, Dubai and Abu 
Dhabi, metropolitan, ever-growing and working 
towards the country's 2030 sustainability plan, 
demand greatly the design and development of multi-
use public spaces. There is a significant reflection on 
climate as an element of essence and how it defines 
and establishes the spatial confines of a constructed 
vision.   

 
3.1 Garden city of the Gulf 

 165 Km East of Abu Dhabi is the “Garden City of 
the Gulf’’ and its Arabic name meaning The Spring, Al 
Ain. It is the second largest city of the Emirate of Abu 
Dhabi and is built around nurturing oases irrigated by 
ancient aflaj water systems. There is both harmony 
and complexity to the relationship of Abu Dhabi as a 
capital and Al Ain as a municipality, the latter 
characterised by its tendency to maintain its 
vernacularity and heritage landscape, while the earlier 
reaches the skies of modernity. Al Ain city, close to the 
heart of the Royal family and Emirati culture, 
established its municipality in 1992 where a special 
ordinance imposed a strict limit on building height as 
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to maintain the horizontality of urban growth, as 
opposed to monumental Dubai and Abu Dhabi [9]. In 
reflection to the Moosavi et al.’s concept of ‘engaging 
with locality’, Al Ain’s formation by indigenous oases 
of palm trees and their irrigation systems of aflaj (falaj 
as singular), the ancient irrigation system common in 
arid regions in the Middle East, contribute to urban 
heat mitigation by allowing fresh air recirculation from 
cool areas inside the oases and the surrounding 
overheated built areas [7,9].  
 
4.0 PLAN ABU DHABI 2030  

Traditionally and natively, the Medinas of the gulf 
are rich centres of symbolic, cultural and ethnic 
histories weaved into intricate layers of social, 
religious and economic classes. "Thirty years ago, we 
had no buildings, and when we saw buildings in other 
countries, we used to envy them and wonder how we 
could convince our people to be satisfied with what 
they had” [12]. With these words Late Sheikh Zayed 
outlined the main driver for that modern renaissance 
after which he sought, arguing that what was in the 
Emirates in the 1970s wasn’t enough for neither the 
UAE’s people nor the world. In reflection to Jan Gehl’s 
theory on modern urbanism, how we shape cities and 
they shape us, the rise of urban developments with 
ecological values and sustainable living at core is a 
turning point in city planning in the U.A.E. I’ve 
witnessed the growth and expansion of Abu Dhabi in 
particular, as a resident for over two decades, and the 
city’s development is a far stretch from the brute roads 
that defined Abu Dhabi, nearly 50 years ago; growing 
into multi-scale intricate green landscapes with safe, 
live and healthy urban contexts.  

The visionary Plan Abu Dhabi 2030 and the Urban 
Structure Framework Plan is an initiative which has 
reshaped the urban planning perspectives for Abu 
Dhabi. Under the authority of Abu Dhabi Urban 
Planning Council and an Emiri Decree established in 
2007, Plan 2030 explores and implements a 
multifaceted, engaging and responsive frameworks for 
the evolution of Abu Dhabi [4]. More importantly the 
plan reflects climate-responsiveness through the 
perspective of desert and coast climate conditions, 
which pose significant challenges to outdoor thermal 
comfort within emerging urban environments [4]. It is 
the aim of the capital plan to address and mitigate the 
negative impacts of thermal heat gain and propose 
notions of sustainability to offset them. This is 
reflected in the 2011-established Estidama Rating 
Program, an essential element of the Capital’s Plan 
and is a strategy that aims to protect natural resources 
from depletion and excessive use and who’s ultimate 
goal is ‘to preserve and enrich Abu Dhabi's physical 
and cultural identity, while creating an 'ever-improved 
quality of life for its residents’ [11]. Estidama is the 
strategic implementation of sustainability and 

environmental protection of the built and physical 
infrastructure of Abu Dhabi, as well as its landscape 
environments. Bearing high resemblance to LEED and 
Green Star, Estidama embodies a holistic approach to 
cultural, social, economic and environmental pillars, 
on which projects within the Emirate of Abu Dhabi will 
be comprehensively established. 

Gehl argues that the manner in which modernism 
reshaped existing vernacular cities is in effect 
counteractive to functionality and adapted manners of 
behaviours within existing contexts [13]. Typically, the 
Medina, meaning city in Arabic, would be strongly 
centred on wide and spacious public squares; loud, 
noisy, but rich and bustling economic and social layer 
of the city and a part that cannot be muted. Gehl 
addresses in his book ‘Cities for People’, that the 
human dimension is almost lost in mega-urban 
developments and there is low priority given to public 
open spaces and integrated areas of congregation, like 
the square [13]. Plan 2030 dedicates a framework 
entitled ‘The Public Open Space Framework Plan’ to 
address the need for public open space in Abu Dhabi 
[4]. The plan is based on a hierarchy of open spaces, 
and envisions a plan to ‘protect vital ecological assets’ 
around the furthest extents of the city [4]. The aim is 
to create a city that is easy to live in, and with a 
contrast between the built and the open, this plan acts 
on climate responsiveness and reducing the footprint 
[4]. From planted boulevards and the protected 
mangroves parks to the Corniche’s public waterfront 
walkway, the plan integrates Estidama strategies 
which address shade and outdoor thermal comfort by 
using climate-adaptive landscaping and greenery and 
hardscape materiality that act as permeable surfaces; 
in reflection to the Water Sensitive Urban Design 
strategy discussed earlier [4,6]. The mangroves 
landscape addressed as an echelon of the Public Open 
Space framework, coincides with the ethos and values 
of the Plan 2030. Green, serene, you can even hear the 
shallow body of water meandering around the 
vastness of Al Gurm. Capitialising on the concept of 
Eco-tourism, projects like Jubail Mangrove Park in the 
Emirate of Abu Dhabi is set to be the first self-
contained educational, nature and leisure destination. 
It allows the exploration of marine and avian species 
native to the Emirate and while it remains a sanctuary, 
the meandering timber boardwalk that follows the 
natural terrain of the mangroves is the only 
constructed element within the park [4].   

 
4.1 Eco-Tourism   

UAE’s Ministry of Climate Change launched a multi-
phased national project named ‘The UAE’s Natural 
Wonders’ to advocate and promote 'Eco-tourism', 
conceptual landscape projects that follow natural 
mimicry and organic geometry with seamless spatial 
confines, like the Abu Dhabi Flamingo Visitor Park 
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conceptualised by Prague-based Petrjanda/brainwork, 
at Al Wathba Wetland Reserve, are sought to highlight 
that transformation [10]. Connecting the wetland 
reserve’s nature at all levels of the project, the design 
creates an ‘autonomous environment’ which merges 
with the distinct spirit of the park, and appears to 
emerge from the natural landscape surrounding it. 
Reflecting on the organic nature of the reserve, which 
once was a coastal salt flat or a sabkha, as uttered in 
Emirati colloquial, the proposed Flamingo Visitor park 
engages the material mimicry and the complex 
harmony between vernacularity and modernity [10].  
Sustainability is an essential pillar and a key direction 
of the Urban Structure Framework Plan, and while we 
will explore further how Masdar City as an emerged 
eco-oasis in the desert, positions itself within the 
narrative of sustainability and along the concept of 
‘greening the desert’, the Capital’s plan explores the 
emerging Islands of Yas, Reem and Saadiyat as coastal 
eco-urbanisms [4]. These islands in effect represent 
newness in urbanism from the perspective of creating 
inclusive, state-of-the-art developed desert islands 
with the ethos of sustainability and eco-living 
embedded in their urban planning. The new ‘urban 
enclaves’ have been under development over the past 
decade and they evolved from marshlands and desert 
landscapes into precincts, neighbourhoods and 
centres of architectural landmarks, entertainment and 
leisure zones [4]. While we may observe this from the 
view of urbanism of the spectacle, there is an intricate 
urban context weaved around landmarks like Louvre 
Abu Dhabi and the Guggenheim Museum. Desert Eco-
Villages, which Plan 2030 defines as local urban 
clusters that preserve delicate ecologies and Emirati 
native landscapes, contextualise the surrounding 
urban settings [4]. The Plan further extends its vision 
to Al Ain city which implements Desert Eco-villages 
through reshaping the traditional grid of the city 
without impacting the social and cultural 
infrastructure. Paralleled with environmental 
preservation and sustainability as a crucial vision and 
in response to new notions of urbanism and town 
planning, the emerging landscapes and infrastructures 
of these islands provide residential and mixed-use 
neighbourhoods bearing high resemblance to the type 
of environments Gehl analyses in his urban 
exploration. We can observe safety, security, eco-
living and a positive attitude towards waste 
management, all throughout 350 meters ‘pearl-rated 
communities’, similar to Paris and New York’s 15-
minute cities [4]. Walkability and prioritising cycling 
and pedestrianisation are core elements in 
communities like Yas Bay South and the Cultural 
Precinct of Saadiyat Island. Environmental 
sustainability in particular has been implemented 
through the plantation of mangrove trees in 
marshlands and lagoons within the islands [4].  

 

 
Figure 2: Urban Typologies and Densities in Abu Dhabi. 
 
5.0 MASDAR CITY  

As a responsive landscape we can reflect on 
Masdar City; UAE’s initiative to produce a healthy, 
pollution-free environment on the outskirts of Abu 
Dhabi, and is the projected climate-responsive 
scenario to the energy problem of the Capital, and an 
exemplar to the UAE as a whole. Masdar is where 
‘sustainability is a form of life’, Free of sky-scrapers 
and carbon-fuelled cars, it is a city that comprises of 
scientific research institutes as well as facilitated urban 
context and residences for those who desire to live 
more sustainably [14]. At Masdar City, architect 
Norman Foster merged the vernacular with the 
modern and the local with the foreign. He defined the 
regional vernacular urban context in which Masdar is 
situated as ‘the architecture without architects’ and 
that had guided the emergence of Masdar as a city 
known for its zero-carbon and zero-waste 
philosophies, with minimum embodied energy and 
consumption [17]. Alan Frost, Masdar City’s director, 
argues that the UAE’s initiative to establish such an 
environment is to be able to use Abu Dhabi’s oil and 
gas revenues to create a clean and sustainable 
environment in the hope of its occupants to be able to 
understand the value of the energy and other 
resources on which they base their lives. Dr. Georgeta 
Vidican of Masdar Institute of Science and Technology 
affirms that the ‘Masdar City’ initiative is largely UAE’s 
desire to be a producer of technology. The institute is 
viewed at the core of that transition process of the 
Emirates- from an oil-based economy to a knowledge-
based one [14]. Masdar follows the strategies of LEED 
and Estidama by projecting that 40% less energy and 
water would be used in newly built projects, in 
comparison to other buildings, and that ‘eco-
residences’ would use low carbon cement and 
recycled aluminium in their construction [14]. Yet 
despite the lengths such a project goes to in order to 
produce a pollution-free and environmentally-aware 
society, whether it is through the use of wind-towers 
or solar panels, one still questions the success of 
merging the urban-based on consumption- with the 
ecological- based on the environment. In Mohsen 
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Mostafavi’s book “Ecological Urbanism”, the concept 
of a sustainable urban environment is analysed 
through a series of cases and examples to which 
Masdar City as desert phenomena could be applied 
[15]. Mostafavi argues that imagining an urbanism, 
such as Masdar City, that is different from the status 
quo, i.e., existing Abu Dhabi, requires a ‘new 
sensibility’- one that has the capacity to successfully 
integrate the various contradictory elements of both 
the ecology and the urban environment [15]. Density 
is another challenge added to the concept that is 
ecological urbanism. To Mostafavi, understanding the 
rises and falls of a city’s population, allows us to 
control and plan the shape of the urban environment 
in relation to the level of its inhabitants.  
 
6.0 CONCLUSION 

Federico Caprotti argues in his book ‘Eco-Cities and 
the Transition to Low Carbon Economies’ that Masdar 
city, that hopes to populate 90,000 inhabitants, is a 
form of a ‘closed system’ whereby controlled urban 
planning allows for the vision of future cities within an 
urban context dependant on oil and gas revenues [16].  
Masdar is the ‘ecological urbanism’ Mostafavi explores 
- excellently engineered to create a sustainable 
environment in which the modern-aesthetics based on 
traditional medinas is merged with scientific research 
and technology in the hope of giving rise to an 
environmentally-aware Emirati community. In this 
paper I have explored the indigenous vernacularity of 
the Emirates within the contexts of the desert and 
natural landscapes, and argued that the emergence of 
ecological and sustainable ‘modern’ urbanism is the 
manifestation of climate-responsiveness. I analysed in 
this paper Plan 2030 through the lens of Estidama, the 
urban framework plan and the Public Open Spaces 
Plan and their influence on reshaping Abu Dhabi 
through the lens of eco-urbanism. From the historical 
‘aflaj’ to projects like Jubail Mangrove Park, the 
shadow of a palm tree to conceptual projects like Al 
Fayah Park that literally breaks the ground to create a 
shaded oasis underneath its surface; such are 
emerging landscapes which manifest the dream of an 
oasis; landscapes of versatility and ever growth.   
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ABSTRACT: This paper is part of a broader study on the interpretation of vernacular architecture in modernising 
heritage contexts in Egypt. It considers processes of change in traditional vernacular architecture, using the 
example of Esna in Upper-Egypt. The study proposes phenomenology as an approach to study, analyse and 
interpret processes pertaining to production, use and adaptation of traditional vernacular architecture through 
time. Data gathering methods included focused observations, sketches, and diagrams of different aspects of the 
traditional settlement, and sampled houses from the nineteenth and twentieth centuries in Esna. Utilizing 
Lefebvre’s theory of the production of space, the analysis uncovers the interconnection between architectural form 
and materiality, lifestyles and cultural norms, and the dynamic configuration of traditional vernacular dwellings 
through time. Socio-cultural dimensions including social-structures, and cultural values of privacy and gender 
segregation are core values governing the spatial configuration of traditional dwellings and their continued 
adaptation through time. Malleability, durability, adaptability, and logicality are key principles pertaining to the 
dynamic nature of traditional vernacular architecture in Esna. A discussion follows over the implications of this 
interpretation over current approaches for managing change in modernizing vernacular heritage contexts in Egypt 
and beyond.  
 
KEYWORDS: Vernacular architecture, phenomenology, socio-cultural dimensions, modernisation, dynamic-
adaptation, change. 
 

 
A DYNAMIC VERNACULAR  

Egypt has a rich vernacular architecture heritage 
which is mostly unexplored, much of which is rapidly 
disappearing today and being replaced with newer 
buildings using modern materials and construction 
methods. Change in contexts with significant examples 
of traditional vernacular architecture is often 
portrayed in terms of loss, erosion or as an inevitable 
change in response to overpowering economic forces 
of modernity and globalization [1, 2, 3]. Such 
portrayals of change arguably stem from ascribing 
static qualities to the traditional vernacular, and in the 
process relegating more contemporary popular 
building practices to the separate category of 
informality [4]. By manufacturing this 
traditional/modern dichotomy, change in traditional 
vernacular architecture is ascribed to external 
‘corrupting’ forces of modernity and globalization, 
while the traditional vernacular is assumed as 
unchanging and static. Such static perceptions of the 
vernacular as unchanging is reflected in the 
conventional approaches to its preservation, which 
albeit being crucial for protecting vernacular heritage 
in rapidly modernizing contexts, their success in its 
preservation as living heritage is questionable [5]. 
Static perceptions of the vernacular which result from 
product-focused approaches define the vernacular 
through a set of fixed characteristics derived from 

exemplar buildings and traditions. However,  adopting 
a process-focused approach reveals vernacular 
architecture as a dynamic process of ongoing 
adaptation, rendering buildings and built 
environments as temporary states in a continuous 
history [6].  

This paper is part of a broader research dealing 
with the interpretation of change in modernizing 
traditional vernacular contexts in rural and peripheral 
areas in Egypt since the 19th century. The study focuses 
on issues pertaining to the ‘traditional’ phase, ie. the 
period prior to the mid-20th century, where traditional 
building materials used were predominantly earthen 
based. The study highlights dynamic qualities of 
traditional vernacular architecture through exploring 
the case-study of Esna in Upper- Egypt. Using both 
product and process focused-approach the research 
investigates issues of materiality and the relevant 
socio-cultural aspects which influence the spatial 
configuration and adaptation of traditional mud-brick 
houses: processes of production, use, and adaptation 
through time. The paper is divided into two parts: the 
first presents the background of the case-study, 
methodological approach to the study, followed by the 
analysis of Esna’s vernacular architecture according to 
Henri Lefebvre’s theory of production of space. The 
second part discusses some of the key principles 
pertaining to a dynamic interpretation of the 
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traditional vernacular dwellings through time and use. 
This is followed with a brief discussion over how such 
principles may inform developmental and 
conservation efforts in modernizing heritage contexts.  

 
STUDYING AND ANALYSING ESNA’S VERNACULAR 

Esna is an ancient town in Upper Egypt, 
approximately 60km south of Luxor, cantered around 
the ancient Egyptian temple of Khnum (Figure 1). 
Apart from its importance as an agricultural hub, Esna 
became an important scholarly centre after the arrival 
of Islam in Egypt. During medieval times (Mameluke 
and Ottoman), Esna became an important trading hub 
with links to North Africa, the Hijaz, Yemen and the far 
east, and thus was integrated into global trade 
networks [7]. Historically, the old town of Esna 
developed as a narrow oval-shaped mound elevated 
over the surrounding cultivable lands, stretching from 
north to south and flanking the western side of the 
river. This oval-shaped mound represents Esna’s 
historical town centre today (Figure 2). The city began 
to expand beyond its historical borders only from the 
mid-twentieth century, as the construction of the high 
dam to the south reduced the extent of annual 
flooding.  

 
Figure 1: The traditional centre of Esna. To the right is the 
remaining minaret of the medieval Fatimid Mosque; left is a 
row of nineteenth and twentieth-century vernacular houses; 
behind them sits the temple of Khnum (Photo: Ibrahim El-
Hadidi, March 2019). 

Esna is distinctive for its wealth of vernacular 
buildings of different eras, some of which is still in full 
or partial use, yet most of which is rapidly dilapidating. 
Esna’s vernacular heritage has somewhat been 
neglected in favour of high-status monuments [8], 
notably the Ancient Egyptian temple of Khnum (Figure 
1), and some religious and public buildings from the 
Mameluke period. Esna’s vernacular architecture thus 
currently remains understudied. Only one recent 
publication deals with Esna’s Islamic heritage, focusing 
on monumental buildings giving a few cursory 
accounts of selected nineteenth-century houses [9]. 
Further, an ongoing urban regeneration and 
community development project led by the 

development company Takween, is conducting 
extensive documentation and physical preservation of 
examples of Esna’s built heritage though no 
publications have as yet resulted from this activity. 

 

 
Figure 2: Contemporary satellite image (adapted) showing 
the borders of the traditional town of Esna until the mid-
twentieth century (marked in yellow), surrounded with the 
post 1960s urban extensions (north to the right) (Source: 
Google Maps, 2021). 

This paper is based on ethnographic findings from 
fieldwork conducted in Esna for a period of two weeks 
between March and April 2019. The fieldwork design 
and methods considered previous studies conducted 
within similar contexts in Egypt [10, 11, 12], and 
studies of other contexts with similar conditions [13] 
[14]. A phenomenological sensibility was adopted 
while gathering ethnographic material, by seeking to 
discover the complex and subtle meanings of space 
[13]. Phenomenology as a methodological approach 
aims to uncover a phenomenon within its real-life 
context, thus to articulate lived experience of in 
relation to the natural and built environments [15]. 
The approach was found to be well suited to 
understanding the phenomenon of change in 
traditional vernacular architecture through exploring 
processes of production, use and adaptation through 
time.  

Data-gathering methods included focused 
observations and note-taking, sketching, photographic 
and video documentation; semi-structured interviews 
as well as the occasional use of documentary sources 
to compensate for missing data in the field. For this 
study, only findings from ethnographic methods were 
considered namely: focused observations and 
architectural documentation. Six houses from the 19th 
century and the first half of the 20th century were 
selected according to a set criterion including their 
continued use (full or partial), their adaptation across 
time, and issues of access and availability for study. 
Sketches and spatial diagrams were produced during 
visits guided by residents, which were later fine-tuned 
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using pictures and videos. Data gathering focused on 
issues relating to form and materiality, life-styles and 
activity patterns, and patterns of spatial use and 
adaptation through time.   

Once collected, the data was analysed according to 
Henri Lefebvre’s theory of the production of space. 
Key to this theory is the view that space is a social 
construct that may be perceived through ‘production 
processes’ which take place in three interconnected 
dimensions namely: “perceived”, “conceived”, and 
“lived”. The first relates to aspects of space that can be 
perceived by our senses (processes of material 
production); the second deals with the conception of 
spaces (processes of knowledge production); and the 
third deals with space as it is lived and experienced 
which evokes phenomenology (production of 
meaning) [16]. The analysis applied to this study 
reveals the interrelationships between architectural 
form and materiality, lifestyle patterns and culture in 
relation to spatial configuration and dynamic 
adaptation of dwellings across time.   
 

 
Figure 3: A nineteenth-century house from Esna, showing the 
process of settlement as the building approaches its final 
stages (Photo: Ibrahim El-Hadidi, March 2019). 

 
UNDERSTANDING ESNA’S VERNACULAR  
 
Materiality and building Life Cycle. 

The main building material used in Esna’s 
traditional houses is mud brick, alongside wood (palm 
wood, sycamore, and acacia) for roof slabs and beams. 
Prior to the construction of the High-Dam in the 1960s, 
sun-dried mudbricks were traditionally sourced from 
the annually deposited silt along the shores of the Nile. 
The average lifespan of a typical mudbrick building is 

about 60 years, after which the building often requires 
significant maintenance, without which the building 
may start to decay. Periodic maintenance of mudbrick 
houses was thus typically conducted on a yearly basis. 
As a building ages, it can settle into the ground, in 
which case, top floors may be taken down to minimize 
settlement and to help extend the period of its use 
(Figure 3). 

Eventually the building will be reduced to its 
ground-floor level and finally taken down. Remaining 
materials such as wood may be recycled in the newer 
houses, while old mud bricks may be used as fertilizer 
(sebakh). Finally, the remaining debris serve as the 
foundation ground for a new building. Nevertheless, 
many traditional mud-brick houses from Esna dating 
back to the nineteenth century and earlier are still 
standing today, some still in partial use. Characterizing 
these buildings is their continued use and regular 
maintenance and adaptation by successive 
generations of inhabitants. The importance of 
occupying and using mud brick houses is thus linked to 
prolonging the life cycle of mudbrick architecture, 
where regular maintenance allows the building to be 
used for longer periods.  

Social Structures and Cultural Norms 
As in most Upper-Egyptian societies, the local 

community in Esna is divided into families (or clans) 
inhabiting common (clannish) quarters. This 
hierarchical structure of the society is reflected in the 
hierarchy of spaces within the town through the 
gradual narrowing of streets from the more public 
spaces to the more private family neighbourhood 
clusters. This spatial hierarchy which demarcates 
private, semi-private, and public zones and activity 
spaces, serves to guide activity patterns within the 
built environment in accordance with the socio-
cultural environment. Gender is another important 
socio-cultural aspect which is reflected in the nature 
and organization of activities in the traditional 
settlement. The traditional used differently according 
to gender: traditionally men spent much of their daily 
lives in the fields and on the streets, while women’s 
daily lives were mostly spent within the house. The 
dikka or mastaba (Figure 4) is a characteristic feature 
of traditional mud-brick houses which is a built-up 
seat, where men could relax during their spare time, 
observing street activity and conversing with passers-
by. The diwan is a communal building which was 
dedicated to important social gatherings for men 
shared amongst groups of families belonging to the 
same clan within common quarters. The mandara on 
the other hand, was a space present in every house 
serving as a guestroom to host male guests and thus 
placed close to the main entrance to separate it from 
the inner parts of the house. Occasionally a mandara 
will have its own external access to ensure more 
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privacy, however, the space may be used for different 
purposes when not used to host guests. The inner 
parts of the house are otherwise the domain of the 
family, and typically for women. Women in traditional 
societies in the past, while sharing some 
responsibilities with their husbands, were solely 
responsible for carrying out different domestic 
activities within the house.  

 
Figure 4: Typical traditional mud brick house in Esna with 
mastaba/dikka attached to the main entrance.  (Photo: 
Ibrahim El-Hadidi, March 2019). 

 
Figure 5: On-site study sketches of some houses from the late 
nineteenth and early twentieth centuries in Esna, 
demonstrating formal and spatial variations linked to social 
status and family size. (Ibrahim El-Hadidi, March 2019) 

Houses of both rich and poor were juxtaposed 
within common neighbourhoods, differing in size and 
appearance according to the social status of owners. 
This grading is mostly evident in the late nineteenth 
and early twentieth century houses in Esna. On the 
contrary, pre-nineteenth-century houses had plain 
mud brick facades, small openings and minimal 
ornamentation typically confined to the main 
entrance, thus social status was expressed through the 
size and scale of the property.  Comparatively, late-
nineteenth and early-twentieth century houses 
feature more elaborate facades with more openings 
and displaying ottoman and neo-classical influences, 
all of which more pronounced in the houses of 
wealthier families (Figure 5).  

Privacy and the hierarchical configuration of space 
Despite variations in layouts of traditional 19th and 

early 20th century dwellings in Esna, the analysis 

reveals an overall logic which determines the spatial 
configuration of the dwelling and the ways it is 
subsequently adapted.  This may even be 
demonstrated through using the example of a small 
house from Esna (Figure 6). The house displays the 
fundamental configuration necessary for addressing 
the need for privacy according to local customs and 
traditions. The ground floor is regarded as the semi-
private/semi-public domain where a guest space 
(mandara), storage (including animals), utility spaces 
and the staircase are typically found; and where 
domestic activities are carried out. The more private 
zones of the house including rooms for family dwelling 
and sleeping are situated in the upper floor/s away 
from the social and domestic activities in the ground 
floor. The upper level of a house typically contains a 
room hosting a nuclear family (or more depending on 
the size of the family and the house). This room on the 
upper floor is typically used both for sleeping and as a 
common living area shared by the family during the 
day.  

 
Figure 6: A sketch showing the spatial layout of a traditional 
mud brick house from Esna. (Ibrahim El-Hadidi, March 2019) 

Finally, the roof is used for storage of grain or 
other agricultural produce, oven baking and spaces for 
raising birds, as well as other activities carried out by 
women. Due to privacy concerns, roof parapets were 
high (almost 1.5 metres) with small openings which 
allowed women a view of the street without 
compromising their privacy. On hot summer nights, 
roofs were used for sleeping. As such, the roof 
provided an open-air environment for domestic 
activities and socialization, as well as the necessary 
privacy for the household and women. Ultimately, the 
configuration of activity spaces in the traditional 
dwelling follows a spatial hierarchy which corresponds 
to functional, and cultural needs. 

Adaptation of vernacular buildings over time  
The number of floors in a house may change 

through time according to the growing needs of the 
household, and in response to issues of materiality. 
The typical mud brick houses of Esna from the 
nineteenth and twentieth centuries had two to four 
storeys. Often built-in phases as extended families 
grew in number through time to allocate to the 
growing needs of newly emerging families within the 
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household. Women typically joined the husband’s 
family house where the couple were allocated their 
own room which they would continue to inhabit for a 
few years with their young children until more space 
was needed. Space was allocated either through the 
redivision of larger spaces, or through the addition of 
extra floors. This process continued in response to the 
family’s growing needs, and the structural capacity of 
the building. After reaching its maximum structural 
limit, a further level may be added on top using light-
weight materials such as pottery jugs (Figure 7). As the 
building ages, a gradual process of deconstruction 
takes place, where top floors are gradually removed 
(Figure 3). The usable spaces (usually the ground floor) 
of a building will continue to be used by some family 
members until the building is reduced to its ground 
floor and is no longer usable. By then, most of the 
family will have moved out to another house and a 
new house may be erected to replace the older one. 

 
Figure 7: On-site study sketch from Esna, demonstrating the 
vertical adaptation of a traditional dwelling after reaching 
maximum vertical limit possible in mud brick. (Ibrahim El-
Hadidi, March 2019) 

Dynamic Principles in Esna’s Vernacular Architecture 
The dynamic qualities of Esna’s traditional 

vernacular can therefore be considered in two ways: 
material adequacy, and spatial adaptability 
responding to lifestyle patterns and socio-cultural 
needs.  
Availability, Malleability, and Durability  

Issues of materiality have been shown to both 
impact and allow for the dynamic nature of a 
traditional mudbrick dwelling. The availability and 
abundance of the material made it the most pragmatic 
choice, while its malleability allowed the building to be 
adapted in response to changing needs, 
notwithstanding its disintegrating nature which 
requires it to be gradually reduced in size, recycled, 
and eventually replaced. Durability of mudbricks was 
historically perceived as problematic as it required 
regular maintenance. Some of the significant changes 
observed in the late nineteenth and early twentieth 

century traditional houses in Esna, especially those 
belonging to wealthier families, is the introduction of 
plastering and paint (internally and externally) to 
protect walls from weathering and abrasion, to reduce 
the need for regular maintenance, and thus to ensure 
greater longevity. Furthermore, floor tiling and 
cement mortar were also used to address hygiene 
concerns arising from conventional dust floors.   
Flexibility, Adaptability, and Logicality 

The dynamic nature of the traditional dwelling is 
also a consequence of changes within the household 
inhabiting the building over time which required the 
building and the spaces to be flexible and adaptable. 
Spaces were adapted for different purposes at 
different times such as the mandara and the roof. 
Whereas strategies such as the subdivision of spaces 
and the addition of new spaces vertically or 
horizontally helps maintain the dwelling’s purpose for 
many generations. The traditional vernacular dwelling 
is thus not conceived from the start as a final product; 
rather as continuously changing through time to 
accommodate the residents’ changing needs.  
Alongside the fact that malleability and impermanence 
of the building material allows the dwelling to adapt 
and change in response to socio-cultural needs, there 
is also an underlying logicality governing the 
configuration of spaces and their consequent 
adaptation. This fundamental logic reflected in the 
sampled dwelling layouts and spatial configuration, 
allows for gradual adaptive processes to continue 
without compromising the socio-cultural purpose and 
requirements of the traditional dwelling. This 
fundamental spatial logic is also customizable to 
different spaces and locations, as well as to the specific 
needs of every household. Therefore this spatial 
logicality is fundamental in allowing for a dynamic 
interpretation and adaptation of vernacular dwellings 
while maintaining utilitarian needs and symbolic 
meanings of dwellings through time.  

 
Managing Change in Vernacular Contexts 

A phenomenological sensibility to the study of 
change in the case study context, demonstrates some 
of the dynamic principles pertaining to the production, 
and use of traditional vernacular architecture through 
time. This view  challenges some of the conventional 
approaches employed in many vernacular contexts 
today perpetuating static perceptions of the 
vernacular and which ultimately aim at freezing 
buildings in time. Adopting process-focused 
approaches which acknowledge the significance of 
preservation of heritage, while accommodating the 
local pressures for development, may contribute to 
more sustainable strategies to the preservation of 
traditional vernacular architecture as living heritage.  
The contrast between both approaches is manifested 
in Esna in the conventional high-modernist top-down 
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planning paradigms, the implications of which has 
been dealt with in a previous study [8], and the 
alternative process-focused strategies currently led by 
Takween in Esna. According to their mission statement 
on their website, Takween’s approach in Esna aims to 
strike a balance between heritage conservation, 
tourism needs, and local needs for development. Still 
in its early phases, the project which began in 2016 is 
yielding promising results. Takween’s efforts focus on 
the documentation and the preservation of significant 
vernacular buildings, raising awareness over its value 
as a form of cultural heritage, and incentivizing and 
engaging locals in the process. The approach adopted 
in Esna promotes local participation and community 
development through different methods including the 
incorporation of local expertise and labour from Esna 
(both men and women) as part of the team working in 
the field. Process-led approaches such as Takween in 
Esna as well as others elsewhere, sheds light over 
some of the unaddressed aspects of Egypt’s rich 
vernacular heritage which would be otherwise 
derelict. This is central for heritage purposes, but also 
for the advancement of the domain of vernacular 
architecture studies in the twenty-first century. 
Researchers and architects can thus better engage 
with/ and learn from exemplary forms of vernacular 
architecture as it existed in the past, adapted through 
time, and as it is transformed today. More research is 
needed to evaluate the impact of process-led 
approaches over the long-term preservation of 
exemplary vernacular contexts undergoing change.  

 
CONCLUSION 

Vernacular architecture as a reflection of its social 
and cultural reality, is best understood as living 
architecture. Adopting a phenomenological sensibility 
and considering both product and process has helped 
highlight some of the dynamic qualities of traditional 
vernacular architecture and the underlying governing 
logic structuring spaces. More research is needed to 
highlight the different interpretations of this logic 
through the development of vernacular architecture 
through time and across typologies. Further research 
is needed to elucidate the impact of current 
developmental and conservation approaches over the 
dynamic processes pertaining to traditional vernacular 
dwellings as living architecture. Finally, to bridge the 
gap between preservation and development, more 
research on how the dynamic principles of traditional 
vernacular architecture may be incorporated into 
contemporary housing schemes. Those issues will be 
dealt with in future publications as part of this 
research project. 
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ABSTRACT: Different parts of the world have different temperature conditions. These relate to both warmth and coldness and 
both exist in nature as lava; the interior of our planet and as ice, the surface of its shaded side. Man uses both for his life and 
survival, in various ways. Both nature and man exploit warmth and coldness. Natural sources are the sun and seasonal 
conditions. The sun’s rays can be useful for humans, but overheating is dangerous. The sun is a natural source of heat but fire 
needs fuel. A fire burns with high temperature, but we need only moderate warmth. A side effect of fire is smoke, unpleasant for 
humans. Materials have their influence, depending on their structure and conductibility. Man uses these elements in all possible 
ways: the sun and fire for heating, and burying in the earth for maintaining coldness. Energy is needed for all movements, 
actions. Fire is the most usable effect of energy, in several senses. Theory in practice shows both open and enclosed fire in a 
house, drying huts utilising fire or sun, cellars under a house for retaining a moderate temperature or icehouses dug into the 
earth for retaining cool temperatures. Such objects can be seen all over the world. All the phases of this architecture can be 
found in Slovenia too: some of those objects show the use of natural energy clearly as theoretical principle. Vernacular 
architecture has shown the right directions for millennia. 
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1. ENERGY 
 Energy is needed for all movements and 
actions, even thoughts. There is not just one sort of 
energy. Energy can be seen in nature as moving 
energy, with a falling tree or a landslide. Moving 
energy can be extremely effective with water: 
rainwater, in rivers or as a wave in a tsunami. The 
same effect can be seen with the wind. On the other 
hand, energy can come from the earth as boiling 
water or even steam (geyser). The above-mentioned 
elements appear momentarily or unexpectedly and 
act in combinations – a geyser can operate with high 
temperatures and have pushing effects. 
 Flash lightning from the clouds is very 
frequent, with enormous energy and visual and audio 
effects. This introduces a new element: electricity. 
The effect of all these is fire, which can also be 
stimulated by human beings. Fire is the most usable 
effect of energy, in several senses. Fire plays a very 
important role in human survival [2]. Wildfire can 
change nature over decades or even forever, but is 
very useful for man's survival. Fire and a fireplace 
have changed the type of our dwelling house, with 
good and bad effects [4].  
 A fire is very useful: it can warm our 
homes; we can heat and cook on it – with side 
effects. As well as living comfort, heating can improve 
the taste of food, can extend its use or destroy 
dangerous elements from its decay.  
 

 
Figure 1:  An open fire, with heat and smoke, is dangerous 
but it provides warmth, light, security and visibility. 
 
On the other hand, smoke is a bad effect, although 
unavoidable. A limitation of its use, the use of less 
polluted materials and controlled fireplaces are 
therefore needed. 
 
 
2. THEORY 
 Theory confirms different temperature 
conditions in different parts of the world. There are 
both warmth and coldness and both exist in nature. 
Man uses both for his life and survival, with different 
modes. 
Man's first shelter was a cave [11]. It protected him 
on five sides. When he went out, for food, he had to 
use tools and weapons. Weapons probably first 
provided his family with surplus means of survival, 
more than he used. So he could begin to think about 
other things: a hungry man did not draw the pictures 
in Altamira, nor carve the first statues [5]. Human 
development followed human thought, which had an 
impact on architecture, too [2]. 
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 Our forebear, the builder, was always 
prudent: he never made anything that was 
unconsidered. He saw all in nature: order reigned in 
nature and what is against order is condemned to 
collapse. Everything happens in nature according to 
tradition [1]. Progress has many advantages but it 
must be used with prudence, as our forebears used it 
[9]. 
 Prehistoric man began to be differentiated 
from animals when he began to use tools and 
weapons, when he overcame his fear of fire and 
began to use it. He raised himself above animals, he 
began to live better, he achieved culture [4]. 
 Fire and ice are natural elements, but 
human beings must use them in a regulated manner. 
Vernacular architecture is smart architecture and 
uses all the possibilities. It is the sum of the needs of 
the user, the possibilities offered by nature and the 
capacities of the builder to harmonize these two 
categories to the maximum possible extent [4]. 
 This is especially important for us today. 
The world today has taken an accelerating course in 
which the cultural and natural environment is rapidly 
deteriorating, and there are serious concerns about 
this process [13]. 

 Architectural objects use different 
temperatures, from the highest (up to 1200 degrees 
centigrade) with kilns, to below 0 degrees centigrade 
in icehouses [7]. The objects can be used only for a 
short time (for drying, warming) or for drying and 
storing over a whole season. 

  
3. PRACTICE 
 Development continues as long a balance 
exists between man's needs for space and his 
knowledge (Corbusier 1963). The simplest example in 
architecture is construction: an object has to be firm: 
bad constructions collapse over time. So we have to 
learn from existing, still standing compositions. 
Practice exploits warmth and coldness provided by 
nature and by man – if man is a natural being. Natural 
sources are the sun and seasonal conditions. The sun 
rays can be useful for humans, but overheating is 
dangerous. The sun is a natural source, fire needs 
fuel. A fire burns with high temperature, but we need 
only moderate warmth. 
The first effect of fire is heat, used for cooking, 
providing light. Primitive man also used it as a 
weapon against animals. Security is also an important 
use. A side effect of fire is smoke, unpleasant for 
humans and polluting for nature. 
 Nature teaches with its own elements: 
sunbeams warm architectural surfaces, but not those 
in shade. A plantation of appropriate trees is very 
important in a built environment. The sunny side of a 
building is dry, on the other side are shaded, dark and 
wet conditions. 

 

 
Figure 2: A house is warmed by the sun, necessary for living, 
a cellar is half-immersed in the earth, for maintain a 
constant temperature, and the best solution for an icehouse 
is to be in-built in the ground. It is the connection with the 
air and humidity. It is cold in the winter, while the spring 
drying reduces earth conductance/U value. The result is 
better insulation. 
 
 There are no good or bad characteristics: 
everything can be better from one aspect and bad 
from another.  
Materials have their own characteristics and effect, 
depending on their structure and conductibility. Man 
uses those elements in all possible ways: the sun and 
fire for heating, and burying in the ground for 
retaining coldness. 

 
Figure 3: Mother Nature teaches: sunbeams warm the 
front, but not the shaded side. A deciduous tree provides 
natural sun protection – effective in summer (shade) but in 
winter, when is the sun desirable, the tree is without leaves. 
 
 Man uses all possibilities: an open fire is 
not only unpleasant, it is dangerous. Open fire was in 
use for millennia for lighting, today we use other, 
more sophisticated ways, mostly electricity. 
 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

242

 

 
Figure 4: Transformation of the house follows the 
development of a fireplace, from an open hearth to a stove 
with chimney.  
Development: a an open fire; b hearth room with open fire; 
c hearth room with more practical hearth (its location and 
height); d 'smoke room' with a stove, but full of smoke; e 
clean room, but the kitchen is smoky; f use of chimney – 
clean room and kitchen. The last example is comfortable 
and safe. 
 
 A hearth on the floor is ineffective and 
awkward, a stove represents progress, a clean room 
is pleasant, light and healthy; a chimney doesn't just 
mean comfort, but primarily fire safety. 
 
4. THEORETICAL EXAMPLES IN PRACTICE 
 Theory in practice shows open and 
enclosed fire in a house, drying huts using fire or the 
sun, cellars under a house or dug into the earth for 
retaining moderately low temperature in icehouses.  
 Fire needs a source: the fuel can be wood, 
natural gas or crude oil.  The commonest fuel 
material is wood. Coniferous wood burns quickest 
and at the lowest temperature, deciduous wood is 
hard and burns slower, but at a higher temperature. 
Coal ranges from lignite to anthracite, from low to 
the highest temperature. Coal can be acquired from 
coalmines, on the surface or deep under the ground. 
Charcoal can be derived from wood in charcoal pile, 
where wood is burned with limited oxygen. Natural 
oil and gas come from the earth in several forms, 
rarely in the elementary form. Fire, warmth or a glow 
can be produced by electricity as open fire (sparking), 
induction or microwaving. 
 The problem in architecture is that almost 
all materials can burn, even iron for instance or clay 
bricks, which can lead to collapsing. 
 Architectural objects have to be built in 
harder materials than can burn, such as stone, double 
fired bricks etc. All objects connected with 
temperature can be seen all over the world. In 
architecture, several objects can be found that use 
heat or chill:  
highest temperature: kilns for clay bricks and lime  

high temperature: stove and oven, for warming and 
cooking, baking 
moderate heat: drying huts for dehydrating flax or 
fruit  
aeration: drying objects for drying and storing maize 
and cereals, hay 
constant temperature: cellars for wine (dry) and field 
crops (humid) 
low temperature: icehouse as cold store for goods 
and for selling ice 
 
 The following are some objects used for 
those purposes: 
Lime kiln is an object for burning lime. It is built more 
or less in stone. It is composed of limestone (inside 
and outside), with a more or less circular groundplan, 
with a false dome in corbelling. After achieving the 
final goal – changing limestone to quicklime, unslaked 
lime, the entire construction is collapsed and is 
destroyed, using both the construction and the 
content. 
Bread oven is used for warming and baking, also 
cooking. The hearth must be cleared before use, but 
the stove warms the room with accumulated heat. 
Drying hut can dehydrate flax or fruit with an open 
fire – the problem is temperature control. A safer 
solution is an enclosed fireplace, in which only the 
upper surface is heated. Progressive solutions lead 
the smoke around the drying cell – this is also a more 
effective method. 
A drying hut for flax needs an open construction, and 
for fruit only an enclosed composition can be used – 
the difference is in the humidity of the hot air. 
 

 
Figure 5: Drying hut (Slovene: sušilnica) for fruit has an open 
front part, but the essential drying cell is built as a compact 
structure. The covered front room serves for managing the 
plates, made of a wooden frame and wattle. Kneške Ravne, 
Slovenia.   
 
 Aeration is possible with grid carpentry, 
with fissures in the walls, wattle or lath constructions, 
through which the wind can enter. More considered 
constructions use combinations of warming, reflected 
heat, buoyancy and direct aeration. 
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Figure 6: Horreo in Galicia and Asturia (Spain) and 
espigueiros in northern Portugal are typical objects for 
drying corn. Details on the foundation pillars are made for 
protection against rodents and snakes (Espigueiros in 
Lindoso, Portugal). 
 
 Objects, the contents of which need a 
constant temperature, include those for field crops 
(potatoes, turnips, apples) and for wine. Wine needs 
dry, the others a more or less humid environment, 
potatoes need direct contact with the earth. Those 
objects are mostly dug into the ground, in Central 
Europe as a cellar, in Spain as bodega. 
 

 
Figure 7: Horreo is built strictly with help of square root by 
two: this is diagonal of the square, which can be seen in the 
gable as one, and in its elevation as two squares. The 
proportion system is used as help for harmonized and 
economic building (Horreo in Spain). 
 
 An icehouse can be used for storing goods 
(dry or smoked meat, sausages, salami) or for ice for 
selling. Icehouses can be built with insulating 
materials or are dug into the ground. 

 
Figure 8: An icehouse is a very common object for storing 
ice –ice blocks for selling - or for storing goods (meat) in the 
cold. An icehouse is normally dug into the ground, because 
of good insulation. In the picture can be seen an object built 
into sloping terrain: Genor Tegnoo at a height of 2000 
meters, Ticino, Switzerland. 
 
 All objects have specific features and 
sources for heating and cooling that are natural 
materials, mostly wood, the sun and cold earth. 
Objects using fire are operated periodically under 
man's control, others are adapted to seasonal 
circumstances. In Slovenia, icehouses stored natural 
ice from ponds from October to June – for 
distributing ice to Trieste at the sea. 
 

 
Figure 9: 

 
 
 
 
5. SLOVENIA, SMART OBJECTS 
 In Slovenia, all phases of this architecture 
are known: house with an open hearth, smoke house, 
clean 'house' ('hiša' means in the Slovene language 
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literally 'a house', in this sense the 'living room') with 
black kitchen, and a house with a chimney [5].  
 'Ledenica', the icehouse uses natural 
insulation, because it is dug into the ground [8].   
 'Sušilnica', the drying house (for flax or 
fruit) with fire can dry using direct fire or only its 
heat. The sort of wood is important for an open fire, 
because of the ash remainder. 
 'Koruznjak', an air drying hut for maize is 
an open wooden construction. 
 The most interesting details can be seen on 

energy for buoyancy, which stimulates cold air from 
the base up to the top of the roof. This is regulated 
through warming the inside air (hayrack) and a 
rounded front projecting roof (beehive), which 
relieves the air stream. The 'flight board' on a beehive 
works as a reflective surface and helps the bees when 
flying into the beehives. 

 
Figure 10
body and a roof, for air circulation, for aeration. The hot air 
in the roof  space stimulates air movement and fresh air 
rises to the top, maintaining a sustainable temperature 
inside, which is needed for the contents (wheat, meat). 
 

 
Figure 11:  Distinguished roof seats directly on the body of 
granary, without its own construction (Logarska dolina, 
Slovenia). 
 

 
Figure 12: Hayrack (Slovene: kozolec) is an object with a 

rgy for drying wheat 
or hay (historically, wheat and cereals for food were dried, 
today with new technologies only hay – as fodder). 
Hayrack/kozolec is in use not only for drying, but also for 

the air in the roof space, which stimulates a stream of fresh 
air, which dries the contents. Rather than new technologies, 
there are still thousands of these objects in Slovenia. 
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Figure 13: Kozolec is an object for drying and storying: in 
winter is the hay already dry, and even snow on the roof is 
positively used as warmth isolation (Studor, Slovenia). 
 

 
Figure 14
beekeeping. It is built as a cube, with the same length, 
depth and height. The cube is divided into three: the open 
part is meant for the bees flying in, the second is for the 
hives, and the third part for beekeeper. 
Technically it has a non-symmetrical roof: the smaller part is 
directed toward the sun, which heats the roof space. The 
other part of the roof gets no direct sun, it is 'cold'. The hot 
roof space stimulates an air stream, which is very important 
for the exhausted bees with a heavy load, who have 
difficulty entering their hives. The stream is also stimulated 
by sunbeams reflected from the landing board. 
 
6. ISSUES 

 All the examples in this article have to be 
understood as simplification. Vernacular architecture 
has a lot to explain that science can't read, but in the 
21st Century we have to demonstrate what we can - 
to get the results validated to help solve our existing 
building problems. 

The issues are the facts: heat and chill are 
realities; climate changes are natural phenomena, 

appearing as seasonal rhythm, in human life, the 
environment and in architecture [6]. There are no 
solutions that are only good or bad. Vernacular 
architecture points the way to solving them with the 
best results and least damage for all. 

 
7. CONCLUSIONS 
 Nature has its own rules, logical and strict. 
Man has used them and adapted them to his own 
needs in all possible ways. 
 Climate changes are natural and appear 
periodically. Man's influence on this process has good 
and bad effects. Limitations on man's brutal 
interventions are necessary. A particular problem is 
solving past problems – it is the most important, in 
architecture, too. 

 We, as human society, have to ascertain 
the problems, understand them and do our best to 
solve them in the best possible way. Vernacular 
architecture has been showing the right directions for 
millennia. I mean directions and not details; order 
and not recipes. We need to follow the trends, 
develop them using all scientific advances and insert 
them in life. 

 
REFERENCES  
1. Dabaieh, M, Prieto, V eds. (2016). Vernacular 
Architecture Reflexions, ICOMOS, CIAV, Lund. 
2. Egenter, N (1992). Architectural Anthropology, Structura 
Mundi, Lausanne. 
3. Juvanec, B (2007). Kozolec (Hayrack), i2, Univerza v 
Ljubljani, Ljubljana. 
4. Juvanec, B (2008). Chozo de Extremadura, joya en piedra, 
ARTE, Caceres. 
5. Juvanec, B (2011). Architecture of Slovenia 3, Central 
Part, i2, Ljubljana University, Ljubljana. 
6. Juvanec, B (2016). Old Values and new Methods in the 

oro eds. 
The Importance of Place, Cambridge Scholars, Cambridge. 
7. Juvanec, B (2016). Richness in Stone, in: Dabaieh, M ed. 
Vern. Architecture Reflections, ICOMOS, CIAV, Lund. 
8. Juvanec, B (2017). Ledenica (Icehouse), i2, SAZU Slovene 
Academy of Sciences and Arts, Ljubljana. 
9. Le Corbusier (1963). Le modulor, L'Architecture 
d'Aujourd'hui, Boulogne. 
10. Lehner, E (2016). Roots of Architecture, ICRA Publishing, 
Wien. 
11. May, J (2010). Handmade Houses, Thames and Hudson, 
London. 
12. Oliver, P (2006). Built to meet Needs, Cambridge 
University Press, Cambridge. 
13. Vellinga, M ed. (2003). Vernacular Architecture in the 
21st Century, Taylor and Francis, London. 
14. Yildrim, A, Cobanoglu, N (2016). Bioetical Values in 
Traditional Settlements in Anatolia, in: Dabaieh, M ed. 
Vernacular Architecture Reflexions, ICOMOS, CIAV, Lund. 
 
Language proofing: Martin H. Cregeen 



Proceedings of the international conference on Earthen and wood vernacular heritage and climate change. Lund, Sweden, 29-30August 2021

246

Learning from the Built Vernacular Heritage of the Maya: 
Lessons from indigenous settlements for students of architecture 

BERENICE AGUILAR PRIETO 
Mexico NaBonal Autonomous University 

ABSTRACT: This paper, based on the contents of a book called Lessons Beyond the Maya House, 
written by myself and due for publication this year, reviews the learnings obtained by undergraduate 
students of architecture during field work carried out in indigenous communities of the Yucatan 
Peninsula. It examines the value that underlies traditional Mayan settlements as well as their current 
vulnerability. Among the lessons, the students became aware that the Mayan people, like most native 
communities, had developed a socio-cultural environment and a type of housing balanced with their 
natural surroundings, long before the term “sustainability” was coined. This study discusses the 
consequences of inadequate urban and building policies. It argues that the approach to learning 
vernacular architecture must include field work based on the significant amount of knowledge that 
students obtain directly from local builders on the site; not replaceable with academic instruction. It also 
discusses the relevance of acquiring a critical understanding of indigenous communities when planning 
urban-architectural improvement projects that can lead to avoid urban planning and construction 
materials alien to their culture and traditional ways of life. Furthermore, this paper addresses how the 
course guides young students in understanding that modernity and progress must be generated within 
the recognition of the validity that indigenous building cultures possess. Designing in harmony with 
local people and understanding their ways of life, ensures the sustainability of natural resources and 
the preservation of the rich built vernacular cultural heritage. 

KEYWORDS: Field work, undergraduate students, indigenous Mayan communiCes, built vernacular heritage, 
inadequate policies. 

1. INTRODUCTION: 
During the 25 years that I have been teaching
vernacular architecture at the NaBonal Autonomous
University of Mexico, an urban phenomenon in rural
areas has increased in a significant way: the rapid
abandonment of tradiBonal lifestyles in the
indigenous rural areas of Mexico together with the
profound alteraBon of the landscape leading to the
deterioraBon of natural resources and the consequent
degradaBon and decrease of the built vernacular
heritage.

Considered a fundamental teaching tool, together 
with my students, I have carried out several research 
project
field work. Some of these have become didacBc books 
for students and local builders. In this paper I am 
going to present a recent project whose content will 
be part of a book on which I am currently working. 

My courses at the university are based on the research of 
historical se.lements with a rich live vernacular 

and environmental problems. The built culture that I 
have been currently invesBgaBng belongs to the Mayan 
peninsular populaBons that face social and 
environmental problems due in part, to inadequate 
poliBcs and the constant deprival of their resources; a 

reality that doesn
se.lements in the world.  

1. Newly built Mayan house with limestone masonry
walls. Very good manufacture. Yaxunah, 2018. Photo
by author.

2. MAYANS OF THE YUCATAN PENINSULA AND THEIR
VERNACULAR BUILDING HERITAGE 
According to the western concept, the term ” is
a place built for people to live in and to protect them
from inclement weather. It is essenBally a space
designed to carry out domesBc acBviBes during
dayBme while providing shelter during the night.
According to this concept of home, human necessiBes
such as cooking, eaBng, bathing, sleeping,
physiological needs and laundry are performed inside
the space of the house. However in tropical regions
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such as the Yucatan Peninsula the climate allows 
carrying out domesBc and producBve acBviBes 
outdoors under the shade of the home garden trees. 
Accordingly, the Mayan house should be analyzed,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Mayan house plot. Woman weaving under the 
shade. Tiholop, 2019. Photo by the author. 

 
repaired and improved to meet the needs of young 
generaBons, taking into consideraBon the regional 
geographic features and climate factors to which the 
populaBon has adapted its dwelling spaces since 
ancient Bmes. Besides sleeping during the night, 
Mayan families use their dwellings to rest in 
hammocks during dayBme when temperature rises 
exceedingly and it becomes too hot to be outdoors 
under the sun rays. Between March and mid-May, as 
temperature rises above 36 degrees cenBgrades 
during the day, the incidence of the sun is too strong 
and there is no wind, a cool interior becomes vital. 
This requirement is adequately saBsfied by the so-
called “Mayan” house. By contrast, the rooms built of 
cement blocks do not provide isolaBon from high 
external temperatures and therefore are too hot and 
quite uninhabitable in this region. 
 
In a Mayan village the family plot is delimited by a dry 
stone wall whitewashed with limestone, abundant in 
the Yucatan Peninsula (Fig 1 and 2). At the entrance of 
the plot lies the central dormitory called La casa maya 
or Mayan house (Fig 1). This dormitory or tradiBonal 
dwelling — that measures approximately 10 x 6 
meters — has as main features an apsidal plan, 
limestone round walls and a palm tree thatched roof. 
The apsidal shape of the Mayan house corresponds to 
the soluBon that local builders found by rounding the 
corners of the walls in order to make the houses more 
resistant to the force of periodical strong hurricane 
winds that cause damage. The walls are usually made 
of limestone masonry. The second most common type 

of wall is called bahareque, a type of fence walls made 
of rods interlaced with twigs (Fig 4). The intersBces 
allow venBlaBon. SomeBmes, they cover the rods with 

humidity and insects. Complementary elements such 
as the kitchen and storeroom occupy independent 
rooms separated from the central dormitory. The 
kitchen, smaller in size has a roof built in a simpler 
manner and its walls are built of wooden rods that 
allow the exit of the smoke from the masonry coal 
stove at ground level (Fig 3) A storage room has the 
same dimensions as the dormitory and it is built the 
same way. Mayans and naBve people in general in 
Mexico, who live in tropical regions have tradiBonally 
bathed by drawing water from a water tank built on 
their plot close to the laundry area while the toilet 
funcBon is sorted out by latrines located at the end of   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. Mayan woman wearing traditional dress making 
tortillas in a comal at her kitchen. Izamal, 2016. Photo 
by the author. 

 
the plot behind some trees or bushes. Other 
complementary domesBc elements are a corral and a 
water storage tank. As the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Mayan house with good manufacture and well 
maintained. Yaxunah, 2018. Photo by the author. 
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family grows two addiBonal rooms are built to house 
the new couple, its future children and their 
corresponding storage room. The orchard, kitchen, 
bath, latrine and laundry space will eventually become 
shared spaces with the new family. During the last 
two decades the addiBonal rooms are sBll being built 
with natural materials, however, young couples prefer 
cement block rooms with slab roofs. During the ho.est 
season that lasts about six months they inhabit the 
tradiBonally built storeroom and turn their "modern" 
cement block room into storage space. 
 
The indigenous, tradiBonal Mayan house is a cool, 
pleasant space thanks to several factors; the height of 
about 3.5 meters that allows hot air to rise, the 
limestone masonry walls that create interior coolness, 
the inner dimness due to the absence of windows and 
the two door openings that generate refreshing air 
currents plus the palm tree thatched roof (Fig 6).  

The roof cover is made of a kind of palm tree called 
huano (Mexican sabal). Its stems are fixed to the 
horizontal branches of the roof truss (Fig 7). Its large, 
star-shaped leaves are overlapped creaBng a covering 

sunlight. When hurricanes strike and cause roof 
damage the huano palms can be easily replaced.  

 
 
 
 
 
 
 
 
 
 
 
 

 
5. Timber structure of the Mayan house. Tiholop 2019. 
Photo by the author. 

 
The materials used to build the Mayan house are 
basically local tropical wood, limestone and palm tree 
leaves. The main structure of the Mayan house ( Fig 5) 
is built with four posts placed to form a rectangle. 
These will remain inside the living space. The posts are 
driven about 60 cenBmeters into the ground. They 
end in forks at the top upon which two long beams 
and two shorter ones are placed. A pair of structural 
raTers are laid on each side. The palm-thatched roof 
lies on top of a Bmber truss made of resistant and 
flexible branches that form the curved base of the 
semi-cones at both ends of the roof. The branches at 
the lowest end of the truss lie on a series of posts 
surrounding the living space and are placed about 60 
cenBmeters from each other. The branches are Bed 
with liana strings (Fig 7). Unfortunately, the recent 
scarcity of liana as a result of overexploitaBon for 
tourist resorts, has led to the use of wire with the 
consequent disadvantage of rusBng quickly due to the 
excessive humidity of the region. 

 
6. Palm tree thatched roof view from the inside. 
Observe the beams that constitute scissors. Yaxunah, 
2018. Photo by Calixrto. 

 
Currently, huano palm is reserved predominately for 
large tourist developments, generaBng a rise in cost 
and making it less accessible for the Mayan people 
that rather buy cheap zinc sheets for roof covering. 
This inadequate roof soluBon harms the habitability of 
the dwellings and impacts the quality of life of the 
peninsular indigenous populaBons in a significant way. 
 
The inner living space of the so-called Mayan house is 
raised on an earth and limestone plamorm that brings 
protecBon from the underground moisture. Builders 
have recently started to use cement to build this 
plamorm since it is more resistant than limestone but 
probably not as cool and definitely less respecmul 
with the environment when degraded.  
 
 
 
 
 
 
 
 
 
 
 
 
 

7. Joints tied with liana strings. See the leaves stems fixed 
to the horizontal branch. Tiholop, 2019. Photo by Calixrto. 
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The type of wood used to build tradiBonal vernacular 
dwellings in the Yucatan Peninsula depends on its 
funcBon, the kind of stress to which it is subjected, its 
durability aTer contact with the ground, its degree of 
permeability and its resistance to fungi and termites. 
Among the most popular woods for the construcBon 
of convenBonal houses in the Peninsula are 
Chicozapote (manikara zapota), jabín (priscidia 
piscipula) and tzalam (lysiloma bahamensis). Subin'ché 
wood (platymiscium yucatanum) is not readily 
available because its popularity has lead to 
deforestaBon while machiche (lonchocarpus casBlloi) 
and pucté (terminalia buceras) are underuBlized 
despite their availability and outstanding physical-
mechanical properBes.  
 
3. MAYAN COMMUNITIES ACCEPTANCE OF 
INDUSTRIAL MATERIALS  
Every four or five years hurricanes with speeds 
between 150 to 250 kilometers/hour hit the 
Caribbean and the Yucatan Peninsula. They cause 
floods and damage to Mayan towns and villages. The 
federal and state governments react by sending zinc 
sheets to repair the roofs of the villages’ houses and 
cement blocks to replace the walls (Fig 9). Through 
these acBons government authoriBes express 
considerable disdain towards Mayan historical 
knowledge and tradiBon. Instead of sending useful aid 
that would show respect and acknowledgment for 
their vernacular built heritage, the message that 
governments send to Mayans is, “Your thatched 
houses were destroyed because they are poor and 
outdated”. The negaBve social impact that 
government policies have in the historical houses is 
parBcularly expressed through young indigenous 
Mayans. As young generaBons have witnessed the 
disdain of local and federal governments towards the 
vernacular homes that their parents and ancestors 
have inhabited, they end up relaBng them with delay 
and poverty. For this reason, young Mayans prefer to 
live in rooms made with cement blocks, even if this 
means having to withstand extremely hot spaces (Fig 
8).  

The aptude of Mayan communiBes towards the 
introducBon of zinc and cement for their dwellings is 
generally passive. They usually do not file claims for 
the damages that the use of these materials do to 
their family plots and to their living condiBons. The 
history of Mayan indigenous people has been 
characterized by the exploitaBon of their natural 
resources, sea coasts and poliBcal dominaBon by the 
governing classes. In the end, sending those materials 
is the only support that they receive from the 
government and therefore, they finish by accepBng 
them. This reveals the ease with which industrialized 
building materials are introduced into indigenous 
se.lements.  
 
 
 
 
 
 
 
 
 
 
 

 
9. Interior view of a traditional Mayan house partially 
destroyed to be expanded using cement blocks walls 
and zinc roof. Observe the use of hammocks. Yaxunah, 
2018. Photo by the author. 

 
The cement industry has also had a very strong 
negaBve impact on the regional built heritage by 
quesBoning and diminishing the pride that indigenous 
people historically used to have towards their 
tradiBonal houses. The Mexican cement industry — 
increasingly powerful — has the capacity to reach the 
most distant villages not only in Mexico but even in 
towns in Central and South America. Extensive 
markeBng campaigns have succeeded in a preference 
for cement over natural building materials all over the 
country. Instead, as ecological building tendencies 
become wide spread, natural materials and arBsan 
building methods become a fashionable luxury that 
enterprises and wealthy people are more likely to 

from its 
use in building weekend villas, hotels and tourists 
resorts. 
 

-
rooBng linked to the income of rural families and 
indigenous populaBons in Mexico. Poor peasants from 
all over the country including Peninsular Mayans 
emigrate either to the Caribbean tourist resorts as 
Cancun whose economy has “dollarized" or to the 
United States to earn a living to support their families.  

8. Cement blocks piled outside Mayan house. A cement 
block room has been built behind. Yaxunah, 2018. 
Photo by the author. 
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As they become laborers, they send considerable 
amounts of money to their families in their home 
village. Their labor force, even in a year of pandemic 
and weak economy, can generate over forty-million 
dollars (Rodríguez, 2021), resources that benefit ten 
million families in Mexico (idem). However the 
uprooBng of enBre populaBons has had a high socio-
cultural cost in the shrinking of communiBes and their 
cultures (Alexander, 2018). The imitaBon of American 
housing models plays a crucial role in the devaluaBon 
of tradiBonal indigenous housing. The Mayan 
populaBons of the Yucatan Peninsula are not an 
excepBon. Housing models copied by the Mexican 
peasants or laborers are naïve interpretaBons of 
American domesBc architecture. Built exclusively with 
cement blocks and concrete slabs, using very poor 
workmanship and low quality materials, they are poor 
representaBons of the Mexican laborers’ dream of 
wealth. I believe that this phenomenon tends to 
happen when a poor and marginalized peasant earns 
money from his labor far away from his naBve land. 
The inadequate educaBonal and developmental 
policies in Mexico do not allow him to study and 
develop a wide vision with which he could value in a 
posiBve way his own building culture. Consequently, 
he ends up admiring the model closest to his dream of 
prosperity drawn from ciBes in Mexico and the United 
States interpreted in a naïve way and built with poor 
construcBon techniques. 
 
4. HISTORICAL PREJUDICE OF MEXICAN SOCIETY 
TOWARDS ETHNIC MINORITY GROUPS  
A lack of interest towards ethnic groups and their 
tradiBonal culture is a historical fact in Mexico with 
the excepBon of some cultural expressions such as the 
Mesoamerican monumental temples. Racism and 
discriminaBon that prevails towards indigenous 
populaBons forces naBve Mexicans to live 
marginalized, unable to benefit from the basic rights 
of society such as educaBon, health, housing and food 
supply. “MesCzo” or mixed race populaBon which are 
individuals that were originally of Spanish and naBve 
ancestry, represents more than two-thirds of Mexican 
society while naBve minoriBes composed of 68 ethnic 
groups account for less than 22% of the naBonal 
populaBon (Navarrete, 2004). As mesCzos account for 
the majority of the populaBon in Mexico they 
dominate every aspect of the country. Despite their 
indigenous ancestry, mesCzos have discriminated 
against naBves and tried to subjugate them since 
Colonial Bmes. MesCzos call naBves Indios, a word 
that has a negaBve connotaBon since it is associated 
with poverty and ignorance. While the term 
indigenous has a more respecmul connotaBon and 

ethnical recogniBon, it is neither correct. NaBve 

in their own language and according to the ethnic 
group to which they belong. 
 
In Mexican society discriminaBon of the indigenous 
and rural populaBons is based on skin color, language 
and accent (Zizumbo and Colunga, 2017), tradiBonal 
dress, poverty and on their type of dwelling made 
from natural materials. MesCzos believe themselves 
superior to naBves who historically have been 
deprived of their land and have subsequently fled 
seeking refuge in remote regions with scarce access to 
governmental services. They have been forced to 
leave their communiBes where they lived with dignity 
and culBvated crops in a land of their own. They 
abandon it because they can no longer feed their 
families with the low prices that the government pays 
for their agricultural products. When they arrive in 
Mexican ciBes and in the US they are also faced with 
marginalizaBon. This contemporary, large scale socio-
economic situaBon has given rise to a cultural 
phenomenon of displacement in which the tradiBonal 
vernacular dwelling rapidly losses favor.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

10. During the building process, the local builder (not in the 
photo) and I explain the roof to a group of students during 
field work. Tiholop, 2019. Photo by Paco Martínez. 

 
5. LEARNING FROM ETHNIC COMMUNITIES: A 
USEFUL EDUCATIONAL RESOURCE FOR STUDENTS OF 
ARCHITECTURE  
Twice a year I take my students on a field trip in which 
my theoreBcal teachings are illustrated by real cases 
of naBve communiBes in rural and indigenous 
se.lements. These are opportuniBes in which students 
learn significant lessons from direct sources. Their 
remarks and ideas come from observaBons and 
understanding of a parBcular social context radically 

learned from concrete communiBes enrich their 
knowledge in a substanBal way. The content of this 
paper was originally based on the lessons learned by 
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the students during three years of field trips to the 
rural villages of the Mayan communiBes in the 
Yucatan Peninsula. A couple of weeks before the 
pandemic confinement began in 2020, we were able 
to make a last trip. 
 
ATer a careful appraisal of the local, tradiBonal built 
heritage, students assessed and understood the 
vulnerability that the rural indigenous villages of 
Yucatan face. Some of the most valuable lessons that 
they learned regard the type of knowledge and 
wisdom that local builders posses which is completely 

(Fig 10). They became acquainted with local materials, 
both their possibiliBes and their limitaBons, allowing 
freedom and confidence in design and construcBon. 
Students became aware of the way that local builders 
learn skills by pracBce and how that knowledge is 
transmi.ed to successive generaBons. In my opinion 
the lack of pracBcal experience in undergraduate 
students of architecture keeps them from developing 
sensiBvity towards problems and their possible 
soluBons. Students would become much more 
creaBve if they were given the opportunity to observe 
alternaBve surroundings and put their ideas into 
pracBce. 
 
CONCLUSIONS  
The valuable lessons that students get from fieldwork 
are evident in workshops of urban and architectural 
exercises once they are back in the university. And, 
when giving the opportunity, someBmes even in a 
more sensiBve pracBce as professionals. Studying 
vernacular building soluBons and the way in which 
local builders create their living environment enables 
students to acquire meaningful knowledge, sensiBvity 
and awareness. In addiBon, visiBng indigenous 
communiBes permits students to gain an overall 
approach of the problem and realizing that 
architecture cannot be conceived without an 
understanding of the socio-cultural, economic and 
poliBcal factors that determine a place. Architecture 
and therefore vernacular building soluBons are 
material expressions of those factors. 
 
I believe that when social conscience is penetrated by 
foreign soluBons employing housing materials of a 
false modernity alien to the culture of the regional 
community the quality of life and the culture of an 
enBre indigenous populaBon is threatened. 
Government policies that do not consider cultural and 
regional diversity waste resources by creaBng 
incongruous projects which ulBmately damage the 
cultural heritage and social fabric of the naBon. 
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ABSTRACT: The protection of vernacular architecture is not a problem of house repair, it is solving the ecological 
problems of modern society. At present, many vernacular heritages are closed to collect tickets, separated from 
the community. But the sustainable development of vernacular architecture is inseparable from the intangible 
culture and residents. Traditional festivals are the essence of regional culture and have the same origin as 
vernacular architecture. However, they are not closely related to vernacular architecture due to the problems of 
Museum protection or excessive commercial development. This paper focuses on the impact of the revival of 
traditional festivals on vernacular architecture. Based on the field investigation and semi-structured interview of 
the ancient town of Shedian, through the analysis and induction of the reconstruction of the activities of " 
Autumn Worship of Guan Gong ", the study finds that the successful experience of the revival of traditional 
festivals in the town lies in the adoption of deep identification of the ceremony theme, specific combination of 
time and space relations, and the mobilization of multiple subjects and inclusive activities. At the same time, the 
revival of traditional festivals can also integrate local architecture and intangible cultural heritage, activate the 
stock of social capital, meet the value demands of the main body of community governance in heritage sites, and 
then enhance the sense of identity of community residents. This makes the vernacular architecture associated 
with the residents and society, realize their sustainable development, and educate people at the same time. 
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1. INTRODUCTION  

Vernacular architecture carries the essence of 
traditional culture, fully reflects the traditional 
characteristics and trajectory of the culture of 
settlements, and is also a national treasure that reflects 
the diversity of culture and is not renewable. According 
to UNESCO's definition of work in 2003, cultural heritage 
is the heritage of artificial products and intangible 
property of the group or society inherited from future 
generations, preserved to the present and for the 
benefit of future generations. As a kind of cultural 
heritage, the protection of vernacular architecture must 
be related to the residents and society. In recent years, 
the development of tourism has brought economic 
benefits to many historic villages and towns. Many 
heritages are closed to collect tickets and become the 
objects of tourists. This has not only brought about the 
destruction of the ecological environment and the lack 
of service capacity but also made the vernacular 
architecture separate from the community and failed to 
play an educational role for the residents. Facts have 
proved that the sustainable development of vernacular 
architecture needs us to break through the existing 
experience and seek new ideas. 
 

As an important intangible cultural heritage, 
traditional festivals are the epitome of the local 

 
 
civilization in a certain region. They used to repeat the 
established content in the rural community. Through 
the form of folk collective carnival, they readjusted 
the significant relationship between individuals and 
others, individuals and society, established public 
spiritual beliefs and values, and ensured the 
continuity and stability of the tradition. It can be said 
that the traditional festivals rooted in the local have 
the same origin as the vernacular architecture. In 
recent years, the protection of intangible cultural 
heritage has been paid attention to, but there are also 
some problems, such as being protected by museums 
or being overdeveloped commercially. The 
relationship between traditional festivals and 
vernacular architecture is still not very close.  

Therefore, this paper focuses on the activity of " 
Autumn Worship of Guan Gong " in Shedian ancient 
town, summarizes the experience of reviving 
traditional festivals in this town through participant 
observation, and combs the mechanism of promoting 
the sustainable development of vernacular 
architecture. This paper believes that the revival of 
traditional festivals and ceremonies can promote the 
sustainable development of vernacular architecture, 
educate the residents of the community. This paper is 
expected to provide some reference for the 
development of vernacular architecture
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2. TRADITIONAL FESTIVALS AND SUSTAINABLE 
DEVELOPMENT OF VERNACULAR ARCHITECTURE 

The relationship between traditional festivals and 
the sustainable development of vernacular 
architecture has attracted the attention of some 
scholars. Anthropology pays more attention to the 
significance, inheritance, and development of 
traditional festivals. Previous studies have mainly 
theoretically explained the connotation and function 
of Festival ceremonies, the way of ceremony 
reconstruction, the protection, utilization, and 
innovation of festival Heritage [1]. Some scholars have 
summarized the cultural connotation and modern 
significance of traditional festival ceremonies based 
on field investigation [2] and pointed out the 
fundamental significance of social capital in rural 
settlements. Community-based arts festivals can be 
viewed as concrete and metaphorical focal points with 
the capacity to bring different individuals and groups 
together, promote health and well-being, and foster 
social capital and community cohesion[3]. Other 
studies have proved that cultural practices are 
associated with stronger local identity[4]. Festivals 
potentially provide space for human connection 
through shared cultural experiences, the transfer of 
personal memories, and a sharing of stories, which 
ultimately celebrate the community and its 
heritage[5]. In general, the collaborative protection 
and development of Festival ceremonies and material 
cultural heritage in this field need to be expanded.  

The research on the sustainable development of 
vernacular architecture in architecture and planning 
academia mainly focuses on the necessity of 
protection, the object, and content of protection and 
development, principles, methods, and measures. In 
recent years, more and more attention has been paid 
to the protection and development principles of 
integrity, authenticity, regeneration, and natural 
generation[6], and public participation in the 
protection and sustainable development of rural 
settlements. Community participation is key for 
sustainable urban heritage management while it has 
remained limited in China[7]. 

In general, the research has focused on the 
protection of intangible cultural heritage and the 
governance of grass-roots communities. The 
exploration of the mode of the contemporary revival 
of traditional festivals and the mechanism behind the 
sustainable development of local buildings needs to 
be strengthened. 
 
3. Materials and Methods 
 
3.1The facts of the case study of “Autumn Worship 
of Guan Gong” in the ancient town of Shedian  

Shedian ancient town is the county town of Sheqi 
county in Henan Province, China (Fig. 1), and it is a 
famous commercial town in Ming and Qing Dynasties. 

 
With the advantages of land and water 
transportation in the hinterland of the Central Plains 
and the North-South thoroughfare, the business of 
the ancient town reached its peak during the reign of 
Qianlong and Jiaqing in the Qing Dynasty, attracting 
businessmen from more than ten provinces to invest 
and do business here. Since modern times, because 
of the change of transportation mode, it has lost its 
location advantage and gradually declined. 
Fortunately, the cultural heritage in the ancient town 
is well preserved, especially the Shanshan guildhall, a 
national key cultural relic protection unit (Fig.  ). In 
2007, Shedian town was announced as the third 
batch of famous historical and cultural towns in 
China. In December 2012, the town became the first 
ecological (community) Museum in Henan Province 
because of its well-preserved original settlement 
environment and lifestyle. It can be said that the 
ancient town of Shedian provides an ideal sample for 
studying the relationship between the reconstruction 
of traditional festivals and the protection and 
development of vernacular architecture.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Shedian town in Henan Province, China.  
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Shanshan guildhall in the center of the ancient town.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: “Guan Gong night reading” bronze statue. 
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Figure 4: Main process and scene of " Autumn Worship of Guan Gong " in Shedian. 
 

As a traditional Chinese culture, Guan Gong 
culture has ethics as its core content. Guan Gong's 
loyalty, righteousness, benevolence, and bravery are 
permeated with Confucian ethical spirit. For 
thousands of years, people's worship of Guan Gong is 
essentially the worship of Guan Gong's noble moral 
personality. As an ancient town of Commerce and 
transportation, credit management is the 
fundamental guarantee for the rapid development of 
commerce in the ancient town. With the continuous 
prosperity of Commerce, profit from righteousness 
has gradually become the tenet of credit merchants. 
Over time, the culture of honesty and faithfulness has 
gradually developed into the spiritual core of the 
ancient town of Shedian, and Guan justice is the 
integrated carrier of the perfect personality of 
"loyalty to the country, righteousness to others, and 
benevolence in life". As a result, the worship of Guan 
Gong is becoming more and more popular in the 
ancient town of Shedian. The cultural connotation of 
Guan Gong is deeply engraved in the hearts of the 
residents of Shedian. It is also reflected in the 
Shanshan guildhall where Guan Gong is worshipped. 
The four characters "Yi Guan Gu Jin" are written on 
the glazed wall on the south side of the guildhall, and 
the bronze statue of Guan Gong Reading at night is 
carved on the site of Chunqiu tower in the North (Fig. 
3). From the Qing Dynasty to the Republic of China, 
the ancient town of Shedian held the " Autumn 
Worship of Guan Gong " and temple fair on 
September 13 of the lunar calendar every year to 
promote the spirit of Guan Gong and promote the 
healthy development of the economy and society.  

Since modern times, due to the profound changes 
in economy and society, the ceremony of " Autumn 
Worship of Guan Gong " has gradually simplified and 
disappeared in the ancient town of Shedian, but the 
social rules of honesty and loyalty exist in everyone's 
consciousness. In 2014, some retired cadres who love 
Guan Gong culture restored the “Temple fair of Guan 
Gong Culture”, which has been interrupted for more 
than 60 years in the ancient town of Shedian, and 
kept pace with the times, presenting it in the form of 
"Guan Gong Culture Tourism Festival". By 2020, it has 
been successfully held seven times. This activity 

 
was initially organized by the public and gradually 
expanded into official support as its influence grew. It 
also established a cooperative partnership with other 
major heritage sites that jointly believed in Guan 
Gong culture.  

Since 2014, the festival has been restored. 
Although the forms of activities are different, it mainly 
includes the following parts: activities before the 
festival, autumn sacrifice ceremony, and activities 
after the sacrifice. The activities before the ceremony 
are mainly composed of a welcome banquet, 
speeches by relevant leaders and organizers at the 
opening ceremony, and performances by Folk groups. 
After the ceremony of autumn sacrifice officially 
started, the whole ceremony was completely 
following “Tailao” etiquette, and the scene was grand 
and solemn (Fig. 4). After the sacrifice, the ancient 
town of Shedian will also carry out a variety of cultural 
activities during the festival, such as folk art street 
patrol(Fig. 5), art calligraphy and painting exhibition, 
local opera performance, Guangong Cultural Forum, 
etc. at the same time, all scenic spots of the ancient 
town are free of charge.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Folk art parades in the streets of Shedian town 
 
3.2 Methods  

This study employs a qualitative method to explore 
the relationship between traditional festivals and 
vernacular architecture. In the first phase, a desk study 
is conducted by undertaking a literature review of 
traditional festival and vernacular architecture, mixed 
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with studies on Shedian ancient town and analysis of 
internet resources, related texts, and documents. The 
result was a series of open-ended questions for the 
interview.  

The sacrificial activities were observed on the 
spot, and audio and visual data were collected by 
photography and voice recordings of community 
residents. Focus group observation, discussion, and 
interviews were organized to gain appropriate insight 
into the subject. A total of 20 participants were 
interviewed, including NGO personnel, residents, 
tourists, and officials (Fig. ). They were selected by 
random sampling. Then, through the participation 
and testimony of community residents, this paper 
summarizes the experience of reviving “Autumn 
Worship of Guan Gong” in Shedian ancient town and 
combs the mechanism of cultural heritage, 
community governance, and social capital.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Interview participants’ characteristics. 

 
4. FINDINGS  

After ten years of development, the scale of the 
Guan gong Cultural Tourism Festival has grown from  

small to large in the ancient town of Shedian. Through 
the analysis of interview materials, the arrangement of 
reports and desk work, and the diachronic analysis of 
festivals for many years, the successful experience of 
this case is found(Table 1): the ritual theme of deep 
identification, the space-time relationship of specific 
combination, the rich and diverse participants, and the 
eclectic content of the activity. 
 
4.1Ritual theme: cultural core  

In terms of ceremony theme, since the restoration 
of the "temple fair of Guan Gong culture" in 2014, the 
ancient town of Shedian has always taken the spirit of 
Guan Gong's loyalty, righteousness, benevolence, and 
bravery as the theme of the Festival ceremony, which 
are the most representative cultural cores of the town, 
and has been passed down from generation to 
generation. And also closely combined these excellent 
traditional Chinese culture with the core values of 
socialism in the new era to guide the masses, to be 
honest, trustworthy, and generous. 
 
4.2 Spacetime relationship: a specific combination In 

the aspect of spacetime relationship, the festival  
is held on the day when Guan Gong sharpens his sword 
or dies every year. In space, the Shanshan guildhall 
which is a national key cultural relic protection unit, and 
its surrounding places are fully utilized. This 
combination fully respects the tradition and makes full 
use of the cultural heritage. In the past, we used to go to 
Shanshan guildhall, but later we seldom go after it need 
collect tickets. Now, this activity of offering sacrifices to 
Guan Gong enables us to have close contact with 
Shanshan guildhall (a 50-year-old male resident). This is 
a good practice. It's not like some places do similar 
performance activities. To meet the tourists' experience, 
it can be repeated countless times. That practice is 
worth avoiding. 

 
Table 1: Summary and analysis of interview data       
 

 

 

 

 

 

 

Items Concepts Sub-Themes Themes 
Merchants and residents respect Guan Gong  Original belief  Belief  Ritual theme 

Brand of “Honesty Shedian”       
The main god of Shanshan Guildhall is Guan Yu       

Honesty, one of the core values of socialism  Mainstream Value  National will   
With the Shanshan Guildhall as the center  Place name  Place  Time and place 
Chinaware street and surrounding areas       

Guan Gong Knife Sharpening Appearance Day  Specific date  Date   
Celebrated at a certain time every year       

Government guidance    Leading unit  Participants 
Guan gong Culture Research Association  Local NGOs  Undertaker   

Numerous folk cultural groups       
Experts and worshippers of Guan Gong  Outsiders  Other participants   
Participation of community residents  Residents  Community   
Sacrificial ceremonies and processions  Follow the rules  Traditional parts  Activity form 

Township folk activities       
Free admission to scenic spots  Incentive policy  New content   

Forum and Exhibition        
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4.3 Participants: rich and diverse  
As far as the participants are concerned, in the 

process of the ceremony, the government, as the 
guide and leader of the value, actively organized and 
contacted many non-governmental organizations 
represented by the Guan gong Culture Research 
Association of Shedian and the Folk Culture Research 
Association of Sheqi, actively supported by 
enterprises and institutions, and widely participated 
in the performance by local folk culture organizations. 
Experts and scholars from home and abroad and 
eminent people from all walks of life were all present, 
and community residents were widely integrated. 
 
4.4 Activity form Inheritance and innovation  

At the level of activity form, the ancient town of 
Shedian takes the “Autumn Worship of Guan Gong” 
as the core. On this basis, it is eclectic and keeps pace 
with the times. It has included many dynamic and 
valuable contents, such as folk customs, painting and 
calligraphy exhibitions, treasure assessment, antique 
trading, drama, and folk art singing. At the same 
time, it has also launched favorable policies, such as 
free tickets for scenic spots. These contents not only 
follow the tradition, but also combine with the 
current real-life, attracting tourists, and residents are 
willing to participate (45-year-old female official). 
 
5.CONCLUSION AND DISCUSSION  

Based on the above findings, combined with the 
theory of social capital and the relevant knowledge of 
architecture, I summarized the mechanism of the 
reconstruction of traditional festivals to promote the 
protection of cultural heritage, community 
governance, and the reconstruction of social capital 
(Fig. 6).  

The revival of traditional festivals is an opportunity 
to protect the material cultural heritage and intangible 
cultural heritage together and to embody the 
characteristics of settlements. At present, in China, most 
valuable vernacular buildings, as cultural relics 
protection units, close their doors and engage in the 
ticket economy. They are purely the objects of tourists 

 
from other places. There are also disadvantages of 
overprotection of cultural heritage and over the 
protection of intangible cultural heritage. There are two 
basic aspects in the symbols and rituals of any festival: 
one is the spiritual and cultural connotation they 
contain; the other is the external form and materialized 
carrier of the symbols and rituals that embody these 
spiritual and cultural connotations [8]. This shows the 
characteristics of local architecture and local festivals. 
The reconstruction and reappearance of the " Autumn 
Worship of Guan Gong " in Shedian ancient town make 
full use of Shanshan guildhall, the material carrier of 
Guan Gong's integrity culture so that the material 
cultural heritage can be truly integrated into the 
community and close to people's lives, it also increases 
the local cultural confidence and identity of residents. At 
the same time, intangible cultural heritage, such as 
sacrificial ceremony, traditional opera, and Mind and 
Will Boxing, which play a major role in festivals, are 
provided to the public in the form of public cultural 
services, realizing the service protection of intangible 
cultural heritage. In this way, through the media 
function of festivals, the cultural heritage can be 
activated and utilized as a whole, and the city's 
characteristic cultural brand with integrity culture as the 
core can be established, which further expands the 
popularity, reputation, and recognition of the heritage 
at home and abroad.  

The revival of traditional festivals is also a process 
of social capital re accumulation, collective memory 
reconstruction, and education. Social capital, as a 
series of horizontal relations between people who 
have an impact on productivity, can be divided into 
structural social capital and cognitive social capital. 
Structural social capital mainly includes a series of 
social organizations, social networks, and informal 
institutional arrangements that restrict the 
relationship between different subjects. The 
settlement where the vernacular architecture is 
located often has the close interpersonal network of 
the traditional rural society, which also means the 
high stock of structural social capital. These informal 
institutions can effectively reduce the uncertainty of 
the process and result of contract arrangement, and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Cultural heritage, community governance and sustainable accumulation mechanism of social capital. 
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reduce the cost of market institutional arrangement[9]. 
Therefore, based on the protection of individual value, 
the reconstruction of traditional festivals is also a process 
of promoting the construction of social relationship 
networks, trust, and norms with the public interest as 
the core. The original vice chairman of CPPCC in Sheqi 
County is the first promoter of the revival of the " 
Autumn Worship of Guan Gong " in Shedian ancient 
town. The process of reviving traditional festivals can be 
understood as the process of transforming the 
accumulated "relationship" into social capital. Cognitive 
social capital refers to a series of social norms, social 
trust, and social culture. Its construction needs a very 
long process and is often closely related to collective 
memory. The ancient town of Shedian is prosperous 
because of business. The culture of good faith evolved 
from the management has become the cognitive social 
capital of the town, which has been widely recognized. 
Therefore, the " Autumn Worship of Guan Gong" based 
on honesty culture has a strong organizational 
mobilization force. In recent years, the continuous 
growth of NGOs in ancient towns is also the embodiment 
of the activation and reconstruction of social capital. 
 

The reconstruction and reappearance of traditional 
festivals provide a carrier for the interaction and 
communication among stakeholders of heritage 
governance. All parties participate in the management 
and service of Cultural Affairs under the framework of 
equal cooperation. In the process of reconstructing the 
ancient town of Shedian to reproduce the traditional 
festivals, the government, non-governmental 
organizations, and the community people are deeply 
involved and play different roles. This kind of power 
structure mode of multiple subjects realizes the 
legitimacy identity of the government, enables various 
non-governmental organizations to achieve self-
realization by participating in the performance and 
organizing coordination, and also enables the 
community people to further strengthen the cultural 
identity and sense of belonging through collective 
jubilation. In a word, the reconstruction of traditional 
festivals achieves the value demands of multiple 
subjects, realizes the maximization of citizens' interests 
and the diversified needs of citizens, and expands the 
publicity of governance.  

The protection of vernacular architecture must be 
combined with people and society. It can be said that 
the contemporary reconstruction of traditional 
festivals is equivalent to a catalyst to protect the 
vernacular architecture and intangible cultural 
heritage, meet the corresponding demands of the 
governance subjects of the heritage community, and 
promote the construction of community, to realize 
the living existence of heritage and help to build a 
sustainable community. This process is also a process 
of education for residents, and constantly build 

collective memory, accumulate social capital, make 
the sustainable development of vernacular 
architecture. Based on the case study of" Autumn 
Worship of Guan Gong " in the ancient town of 
Shedian, this paper discusses the success factors of 
traditional festival revival promoting the sustainable 
development of vernacular architecture and combs 
the mechanism of cultural heritage, community 
governance, and social capital.  

However, due to the limited time and ability, the 
number of cases is not enough. Therefore, it is strongly 
recommended to explore more ways to achieve the 
sustainable development of vernacular architecture and 
build a sustainable community in the future. 
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ABSTRACT: In the process of China's contemporary urbanization, a large number of vernacular architecture heritage are 
facing complex new challenges. Rammed earth watchtower in Chongqing is an important feature of Chinese traditional 
defensive residential buildings in the mountain living environment. Although its original building function gradually decline, it is 
still an important bridge to maintain the ancient and modern human culture, with strong local characteristics and unique 
cultural charm. Collage protection implements relocation for endangered rammed earth buildings whose original environment 
has been seriously damaged and heritage protection is weak. On the premise of maintaining the authenticity of environment, 
design, materials and technology, traditional rammed earth technology is inherited, built heritage culture is preserved, and 
endangered architectural heritage value is revitalized.  In the post COVID-19 era, the continuous promotion of Rural 
Revitalization in China, the return of urban capital and population to the countryside. New residents put forward new 
requirements for the optimization of rural environmental space. In addition to preserving the historical and cultural 
characteristics, implementation of the collage of relocation, old and new technology, and the combination of functional space 
which will enhance the era value of cultural heritage. Such will also respond to the current social needs and provide a new way 
of thinking for the protection and utilization of mountain vernacular architectural heritage. 

 
KEYWORDS: Collage Protection; Rammed Earth Watchtower; Vernacular Heritage Buildings; Post COVID-19 era 

 
 

1. The Historical Background and Rural Architectural  
Cultural Characteristics of Rammed Earth Watch 
Tower Dwellings in Chongqing 

Rammed earth watchtower is a worldwide 
defensive building in the cold weapon era. In China  
the immigrants  north gradually introduced the 
closed defence buildings such as watchtower, Wubao 
castles and Wubi manors into South and formed the 
characteristic residential buildings of settlement, 
family and household defence. 

Chongqing is an important area where the northern 
immigrants moved  continuously. As the rural cultural 
crystallization of the combination of immigration and 
local folk customs, watch tower architecture includes 
the traditional techniques from Shanxi, Guangdong, 
Fujian and other places. Most of these watchtower 
buildings in Chongqing are scattered in the hilly areas, 
which are well preserved due to the rugged and closed 
mountain valley environment. These watchtower 
buildings formed a complete reflection of the 
historical development of Chinese watchtower 
dwellings. 

Generally speaking, the watchtower buildings in 
Chongqing are formed relying on the  terrain. Most of 
them exist as residential appendages. These 
watchtower buildings absorb various elements in the 
changing process of function, architectural form, 

appearance and decoration. All of these include 
construction technology concept in different times 
and  have more concise, applicable and ecological 
architectural skills. These are the historical and 
cultural values of watch tower residential buildings. 

Now the original function of rammed earth 
watchtower is lost, the unique space is still an 
important bridge to maintain the ancient and modern 
human culture, which has strong local characteristics 
and unique cultural charm. For example, the ancestral 
hall that condenses the family's sacrifice , 
consanguinity and clan emotion, which is the glory and 
symbol of the family, and even has more special 
emotional support in the "acquaintance society"  than 
the official administrative power (Fig. 1, The Pen`s 
ancestral hall in Yunyang, Fig. 2, Wang's ancestral hall 
in Nanchuan).The unique courtyard of "Si Shui Gui 
Tang" (Drainage treatment of rainwater dripping from 
square roof in square patio of Chinese classical 
architecture)in the high rammed earth watchtower 
manor, the “Beauty Seat”(lookout platform 
surrounded on the top floor) and the window scenery 
though the shooting hole (Fig. 3, Courtyard and patio 
landscape in some watchtower in Nanchuan area, Fig. 
4, Window scenery though the shooting hole ) are all 
good choice for enjoying scenery and reading with 
idyllic style. For Chinese people who like elegant life, 
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they also have different emotional preferences. 
Therefore, when facing the still beautiful Hanlin villa 
and the watchtower of "Yanghui villa" with noble 
sentiment in the mountains and deep forests, it is easy 
to spontaneously resonate with the emotion of the 
ancients. 

 
Figure 1, The Pen`s ancestral hall in Yunyang © Yu Yi 

 
Figure 2, Wang's ancestral hall in Nanchuan ©  Shuying 

   
Figure 3, Courtyard patio and lookout platform landscape in 
some watchtower in Nanchuan area ©  Shu ying 

 
Figure 4, Window scenery though the shooting hole © Shu 
YING 

The traditional watchtower dwellings are the result 
of the ancient people moved in different regions 
according to the time. They improved and optimized 
the dwellings in accordance with the natural 
environment and social customs and then formed a 
colorful architectural cultural heritage which can 
wake up the emotional experience between modern 
people and the ancients. Tracing back to the wisdom 
of the ancients in building homes in the traditional 
era enlighten modern people pursue the construction 
of "slow" life. These also provides model f to let the 
tradition into the contemporary life. Under the 

background of today's Rural Revitalization in China,  
such  experience can provides more ways to build 
more beautiful villages except protection. 
 
2. The Crisis and Challenge of Chongqing Rammed 
Earth Watch Tower House Under the Background of 
Rural Revitalization in China 

The reality of China's modern rural social change is 
often far from the concept of architectural heritage 
protection. In the past few decades, the adjustment of 
rural economic policies and the change of industrial 
structure have promoted the development of rural 
economy, but also brought a series of negative effects: 
improper use of environmental resources, unbalanced 
population structure, disordered development of 
village construction, rapid urbanization, which has 
greatly damaged the vernacular architecture heritage 
and local cultural features in a short time. 

A large number of existing watch tower buildings in 
Chongqing are mainly build in Qing dynasty and used 
to defend against bandits, which only provide 
temporary resettlement space and lack of better living 
conditions. After the founding of the People's Republic 
of China, some of the watch tower houses with large 
volume and good construction quality were taken over 
by the government, some of them were used for public 
use, such as storage, school running and militia 
training. The others with small size and simple 
construction were put into the private use of villagers.  

At present, the flow of rural population and the 
migration of migrant workers leads to the 
phenomenon of hollow and empty nests in rural areas. 
In the case of a large number of idle rural houses 
abandoned land, the rammed earth watchtower 
buildings are declining. Only a few of them have been 
protected and reused because of their outstanding 
shape, continuation of special functions or large space 
capacity. Most of the others are gradually eliminated 
because of the deficiencies in function, aesthetics, 
space transformation and so on. Many rammed earth 
watchtowers are gradually collapsed because they are 
not used for a long time, or demolished because of the 
potential safety hazards. Among these disappeared 
watchtowers, there are many architectural treasures. 
Such as Zhang Zhixuan's watchtower collapsed 
overnight due to heavy rain, Liu Hannong's manor 
seven-stories watchtower in Fanbian village of Wulong 
was abandoned for a long time and was finally 
demolished due to potential safety hazards. All of 
these become an irreparable regret in the protection 
of local architectural heritage. Based on the previous 
survey data statistics, there were more than 1000 
watchtowers in Chongqing in the 1990s, which rapidly 
shrunk to less than 300 around 2015, and many 
excellent typical watchtowers with local 
characteristics disappeared. 
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3. The Possibility of Applying Collage Protection 
Strategy in the Protection of Rammed Earth 
Watchtower House Architectural Heritage in 
Chongqing 
3.1 Practical Significance and specific content of 
"Collage Protection" of Historical Buildings 

In the past, the academic view was that "collage 
protection" of historical buildings is a kind of 
protection mode which combines the buildings with 
protection value and historical significance and turns 
them into a whole. This protection mode can improve 
the efficiency of the protection of the architectural 
heritage and facilitate the unified protection and 
management of the architectural heritage. The 
"collage protection" of historical buildings is different 
from freezing preservation. It was first advocated by 
Mr. Ruan Yisan in China, and represented by the 
reconstruction of "Meiji village" in Japan and Bahrain 
Bayer in Switzerland . It provides a solution to the 
problem of the continuity of urban space and the 
coordination of architectural form in the process of 
urban historical building protection and also provides 
guidance for the protection of modern rural heritage 
and the construction of new space. 

At present, China's rural areas are facing a new 
round of renewal. Many vernacular architectural 
heritages are scattered in mountainous rural areas 
where environmental protection tends to be poor. 
Most of the buildings can`t be protected if they are not 
relocated. It is necessary to implement "collage 
protection" to rescue dying vernacular architectural 
heritages. actually, many vernacular architectural 
heritages are transferred to the same place to form a 
considerable scale of architectural heritage groups. 
The construction resources and tourism resources will 
be combined to give full play to the resource allocation 
advantages of the market. In this way, it is not only 
conducive to the protection of architectural heritage 
research, but also conducive to tourism development 
and reduce management costs.  

According to the actual situation of protection 
and utilization of rammed earth watchtowers in 
Chongqing, the "collage" protection actually involves 
several aspects. 

Firstly, it is the traditional overall translation or 
relocation and "collage" with the new environment. 
This is a kind of protection method under the condition 
that the objective environment of "local protection" is 
not ideal. The protected objects are directly reselected 
for restoration or reconstruction in order to ensure 
that the architectural heritage can maintain its cultural 
characteristics in a similar environment, rather than 
the existence of embarrassment. It is particularly 
appropriate to protect the architectural heritage in the 
real dilemma of urban expansion, large-scale project 
construction, transportation facilities construction and 

other just needs. Actually, the practice also proves that 
this method is feasible. 

The second is the combination and collage of new 
and old technologies in the process of building 
restoration. It not only inherits the traditional 
architectural skills, but also optimizes and improves on 
the original basis. In particular, the advantages and 
disadvantages of rammed earth building itself are 
obvious. Good ecology and thermal insulation are its 
biggest advantages. In addition, the surface texture 
has the natural beauty of buildings. However, due to 
the material and structural characteristics, there are 
some limitations in the load-bearing which can't 
support the super-high floor construction and also 
can`t implement a large area of windows. Such 
building structure has a great impact on the lighting 
and ventilation. Obviously, new technology 
intervention has the possibility to make up for these 
shortcomings. Therefore, "collage" is also a 
combination of old and new technology. 

The third is the combination and collage of 
architectural functions. Tower building, as a 
subordinate facility in folk houses, has been endowed 
with many new functions after its original function has 
faded. Such realize the transformation from defense 
to family ancestral hall, storage, office, teaching and 
other space utilization. Therefore, with China's rural 
revitalization, urban population returning to the 
countryside has become a trend. The transformation 
of spatial function can better adapt to the needs of 
rural people in the new era. Therefore, the 
reorganization and collage of the space combination of 
tower building is undoubtedly an effective way to 
improve the activation utilization rate. 
3.2 Successful Experience of "Collage Protection" of 
Historical Buildings 

In the protection of all kinds of architectural 
heritage in China, there have been some successful 
cases of "collage protection" mode. 

Scattered endangered historical buildings were 
relocated to form a collage community for centralized 
protection. For example, a large number of Ming 
Dynasty architectural heritages are scattered in 
Huizhou, Anhui Province.  After repeated selection and 
investigation, the original construction method was 
adopted implementation of "collage protection", site 
selection to be rebuilt at the foot of Zixia peak in 
Qiankou Township, Shexian county where is based on 
the natural environment of traditional  Chinese 
villages in Huizhou. 10 typical Ming Dynasty buildings 
scattered nearby was built together into Qiankou Folk 
House Museum. In 1988, it was announced as a 
national cultural relics protection unit by the State 
Council. This museum is the first large-scale 
architectural heritage protection project of local 
architecture relocation and centralized protection in 
China. It is also the best proof that "collage protection" 
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mode has the possibility of multiple form conversion 
in centralized protection and function combination. 

As far as the single rammed earth building is 
concerned, the collage of new and old technologies is 
the source of new vitality to the building. It' will be an 
interesting way to built an important bridge to 
maintain the ancient and modern human culture. For 
example, the bookstore built in the paddy field by 
collage of collapsed dwellings in Xiadi ancient village of 
Pingnan, Fujian in 2019 is a very successful example. 
Based on the respect for the history of the site and the 
overall landscape of the village, the architect 
implemented the idea of hiding the new built part in 
the old wall. The remaining old wall was regarded as a 
container, wrapped with concrete and steel structure, 
forming a dialogue between the contemporary and 
the traditional(Fig5, Xianfeng xiadi paddy Bookstore 
new and old technology collage 1:25 model). The 
natural integration of historical buildings and modern 
design and gives a new function. 

 
Figure5, Xianfeng xiadi paddy Bookstore new and old 

technology collage 1:25 model. ©Hua Li 
After the collage processing of the ancient and 

modern blending of single buildings and the collective 
combination, the historical buildings will produce 
spatial changes. This change is based on the original 
site and has the possibility of transforming other 
functions because of the new technology processing 
combination and space increase. As a result, the 
collage of architectural functional space is also 
produced naturally and it will become more abundant 
because of the activities of users. 
3.3 Endangered status of rammed earth watchtower 
architectural heritage in Chongqing 

The original environment of the endangered 
rammed earth watchtowers in Chongqing has been 
seriously damaged and the implementation of 
heritage protection is weak. To a certain extent, it is 
related to the architectural defects of the 
watchtowers. 

The traditional rammed earth watchtower has 
narrow space, inconvenient access and insufficient 
lighting. Due to the load-bearing structure of the wall, 
it is difficult to open windows, ventilate and transform. 
The processing technology of traditional rammed 
earth materials is time-consuming and laborious. 
Compared with the modern mechanized mass 
production of building materials, the rammed earth 

construction and maintenance costs are higher. All 
kinds of deficiencies lead to rammed earth building 
materials are no longer popular in Chongqing. 
Architecture technology become the fault of historical 
buildings maintenance protection .  

In recent years, experts have called for the 
reconstruction of the collapsed Liuhannong manor 
watch tower in Nanchuan. However, the surrounding 
environment can no longer provide the material, 
technology and economic conditions for 
reconstruction. Although the exquisite Zhangzhixuan 
watch tower has been rebuilt, yet the embarrassing 
situation of collapse again in rain is emerging due to 
the poor mastery of traditional ramming earth 
technology. It reminds people to pay attention to the 
technical support needed for the protection and 
utilization of rammed earth watchtower is insufficient.  

In addition, the past Rural Land Reform in China 
divided most of the watch tower buildings to different  
farmers. It is extremely difficult to carry out the 
maintenance and utilization work due to the 
ownership of property rights  .Furthermore, traditional 
ramming materials and crafts of watch tower building 
were on the verge of disappearing which resulted in 
extremely high maintenance costs.So the general 
family would not bear and only let them waste. 

The emergence of these dilemmas shows watch 
tower buildings are managed in a badly scattered way 
and there are major defects in sustainable 
development, technology inheritance, renewal, 
maintenance and preservation. At present, there are  
a few watch tower buildings with typical regional 
characteristics in Chongqing and difficult to form the 
aggregation scale effect and ideal social and economic 
effect.  
3.4 Selection of typical experimental objects of 
"collage protection" in Chongqing 

Facing the endangered situation of Chongqing 
rammed earth watchtower historic buildings, as long 
as there are corresponding environmental conditions, 
the collage protection can be implemented and the 
rescue protection can also be realized. 

The scattered watchtowers with bad surrounding 
environment can be relocated collage protection as a 
whole to form a community. The premise is that the 
surrounding site must have a real natural environment 
and similar cultural traditions so as to ensure the 
authenticity of the architectural heritage after collage 
relocation. If the environment can be maintained 
without relocation, it is an important guarantee to 
implement technical rescue collage and create new 
vitality of buildings for these individual buildings. At 
present, there are several areas with traditional 
natural bases in Chongqing and there are many 
choices for the single objects with protection and 
utilization value. So the implementation of "collage 
protection" strategy is feasible. 
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3.4.1 Watch Tower Community in Fengsheng 
Town, Banan District 

Fengsheng ancient town has been formed for 
many years. Due to the influence of mountainous 
terrain, a large number of dwellings gather around it 
and finally the towers dwellings are formed together. 
Six towers are arranged on the central axis of the 
ancient town in turn. Based on this, the town creates 
a watch tower style cluster. (Fig 6 spatial distribution 
pattern of watchtowers in Fengsheng ancient town) 
the special selection of building materials and the 
shape of adding "Erlou"( Ear loft) on the top of 
watchtowers in Fengsheng ancient town are different 
from other rammed earth watchtowers in Chongqing 
(Fig 7, representative elevation of architectural 
features of Banan watchtower with Erlou). And these 
improve the regional identification image to a certain 
extent. Residents have carried out a certain degree of 
transformation to some of the single watchtowers 
such as watch towers located in the core block is now 
transformed and opened as a cultural and 
entertainment center and a local restaurant for 
residents in the town. In view of the tradition 
foundation of this area, it can be choice of object site 
for "collage protection" to move and rebuild the 
endangered watchtowers in Banan valley area This 
will enrich and expand the characteristic building 
community. 

 
Figure 6,Spatial distribution pattern of watchtowers in 
Fengsheng ancient town. ©  Yang Tingting 

 
Figure 7, Representative elevation of architectural features 
of Banan watchtower with Erlou . ©Shu Ying 
3.4.2 Dashun & Longtan Watch Tower Concentration 
Area in Fuling District 

Dashun township in Fuling has always been known 
as the "hometown of watchtowers" of Chongqing. 
According to statistics, there are 108 existing 
watchtowers around. And  form a fixed characteristic 

style. Longtan township, near Dashun township has 11 
cultural relics of rammed earth watchtowers. The two 
neighbouring townships can be planned in a unified 
way. On the basis of the original watch tower building 
cluster, they can select the site for collection , collage 
and echo with the original watch tower buildings, 
forming a rammed earth watch tower style building 
community in Fuling area. In addition, many single 
watchtowers here are exquisitely shaped with strong 
plasticity and the surrounding agricultural 
environment is stable. With a little technical 
treatment, they can achieve a very good modern space 
art effect. 
3.4.3 The Watch Tower Community Area of Simian 
Mountain Zhongshan Ancient Town Shuangfeng 
Town Rammed Earth Manor in Jiangjin 

There are many unknown rammed earth 
watchtowers in Simian Mountain and Zhongshan 
ancient town of Jiangjin, especially in Siping town. 
Most of them are well preserved and have good 
natural base and historical cultural content.  

It is extremely rare many rammed earth manor 
watchtowers built along the Bamboo Creek River are 
relatively independent and easy to do business. There 
are composed of residences, ancestral halls and 
gardens. The scale and shape of the manor 
watchtowers are more beautiful and the buildings are 
more artistic and aesthetic. (Fig. 8 the spatial 
distribution of the blockhouse community of rammed 
earth manor in Zhongshan town) The watch tower 
house in the mountains represented by Huilong manor 
and Yanghui manor. They are classical or combination 
of Chinese and Western architectural facades and 
details, all reflect a high degree of aesthetic feeling 
which makes the watch tower buildings in this area 
have a higher level of cultural value than other areas 
of Chongqing. (Fig. 9 real scene of Huilong villa and 
architectural restoration of Yanghui Villa) At the same 
time, there are a large number of manor communities 
here. Although there are many collapses and damages, 
yet the old site still exists which can be restored 
through surveying , mapping and exploration. It also 
can provides the basis for the overall translation, 
relocation and reconstruction to collage of 
watchtowers of other areas watch towers of 
Chongqing. This region will be the area most likely to 
greatly enhance the cultural value , economic and 
social effects of Chongqing watchtowers. 
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Figure 8 The spatial distribution of the blockhouse 
community of rammed earth manor in Zhongshan town© 
Huang wenkang 

  

 
Figure9 Real scene of Huilong villa and architectural 
restoration of towers© Wang Qian&Shu Ying 
 
4. The Space Utilization Value of "Collage Protection" 
of Rammed Earth Architectural Heritage in China's 
Post Epidemic era 

In the post epidemic era, China's "City Township" 
development model promotes the further extension 
of urban life to the surrounding villages and people 
have more new considerations and investment in rural 
life which ultimately serves the core of the city. From 
the perspective of the modernity demand of rural 
construction, the current rural revitalization needs a 
large number of urban talents and capital injection and 
the high-quality urban population flows back to the 
countryside. In this context, the types of rural 
residents appear iterative replacement, which will be 
necessary put forward new requirements for the 
optimization of rural environmental space, living 
environment quality and industrial services. The 
cultural heritage of old vernacular architecture is the 
basis of the sustainable development of traditional 
villages. The rational reuse and revitalization of the 
value of endangered architectural heritage is 
undoubtedly the content that can not be ignored in 
the future rural construction of China. 

In the past, rammed earth watchtower has shown 
the possibility of function transformation which 
provides a reference for the reuse of rammed earth 

watchtower. On the one hand, rammed earth 
watchtower connected traditional manor natural 
ecological livable characteristics are undoubtedly a 
good choice for modern rural life. After collage 
reconstruction, they can continue to maintain the 
inherent property of the house and continue to 
provide for the new generation of people returning 
home to live. On the other hand, watchtower shows 
good public space availability in the process of 
historical replacement and large-scale watchtower 
construction is more convenient. It can not only 
provide living space, but also be transformed into 
commercial, office, training, museum, art gallery and 
other public service centres. .The single tower house 
can improve its defects and enhance its safety and 
artistic beauty. They can be transformed from 
residential buildings to emerging cultural sites such as 
art studio, tourism home stay, so as to stimulate the 
implantation of more commercial formats. It can be 
regarded as the choice of characteristic resources for 
activation and utilization. 

 
5.Conclusion 

" Collage protection" seeks the environment that 
can provide historical buildings for their sustainable 
use from the rapidly changing historical environment. 
Under a clear and appropriate principle, it weighs 
various value conflicts and combines them in the way 
of reconstruction. It continues the original technology 
to ensures the "authenticity" of the architectural 
heritage itself and ensures that people consciously 
examine the essence of historical protection and reuse 
to better deal with the gifts of the past. 

People's revaluation of the natural environment 
and local culture in the context of rural revitalization 
of the post epidemic era, "collage protection" can 
provide a way for the survival of Chongqing's 
endangered rammed earth blockhouse architectural 
heritage in the process of exploring the activation and 
sustainable reuse of heritage protection, the 
continuation and development of traditional 
techniques. 
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