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Résumé

Le mémoire retrace le processus de mise en place du Laboratoire de la Construction Durable a I'Ecole
d'Architecture de I'Académie d'Art de Chine. Il introduire d'abord l'intention initiale de la mise en
place du LCD et le contexte dans lequel il s'inscrit ; puis décrit son processus de mise en place, qui a
été élaboré selon trois aspects comprenant l'installation spatial du laboratoire, l'installation des outils
et équipements et de la formation du personnel du laboratoire. Il conclut en décrivant les expériences
et enseignements issus de ce processus.

Ce mémoire décrit aussi la pédagogie « terre » mise en place a I'Ecole d'Architecture. Jusqu'alors, trois
cours ont été dispensés. Chaque cours a fait face a différents problemes dépendant de leurs contextes.
Ce mémoire participe de I'élaboration des objectifs pédagogiques, du processus d'enseignement et
des effets et expériences attendus pour chaque cours. L'expérience acquise lors des deux premiers
cours ont permis d'améliorer I'enseignement dispensé pendant le troisieme cours.

Outre I'expérience accise pendant les cours, ce mémoire décrit aussi le travail de relevé sur I'habitat
vernaculaire Chinois, I'expérience lors de différents workshops et projets menés utilisant la technique
du pisé et les problémes qui en ont découlé reflétant la situation actuelle de I'Architecture de terre en
Chine.

Dans la partie de la conclusion, I'auteur a examiné le potentiel de développement de I'architecture de
terre en Chine en se basant sur I'observation de I'architecture de terre lors de son séjour a Grenoble
ainsi que sur des échanges et conversations avec différents acteurs de la construction en terre qu'elle
a pu rencontrer.

Enfin, I'auteur examine le développement de son plan de carriére afin de pouvoir mieux contribuer a
la recherche sur l'architecture de terre crue.
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A Research on the Establishment of Sustainable Construction
Laboratory of CAA and Teaching on Rammed Earth

Abstract

The thesis recorded the establishing process of the Sustainable Construction Laboratory in
Architecture School, China Academy of Art. It first introduced the background and purpose of
establishing SCL; then depicted the establishing process, which was elaborated from three aspects
including the lab site renovation and layout, tool and facility disposition and training of the staff and
concluded the experience and lesson gained from the process.

Besides, the thesis also described the rammed earth construction courses implemented in the school.
Till now there have been three such courses. Every course faced with different problems to that
context. The thesis elaborated the teaching objectives, teaching process as well as the effect and
experience of each course, among which the first two courses made feedback survey on the learning
effect and the third course was based on the previous experience and feedback from the students,
improving teaching accordingly.

In addition to the experimental courses, the thesis has also recorded the field surveys of earth folk
houses, rammed earth workshops and rammed earth projects experienced by the author and the
serial problems emerged from these work, which reflect the current condition of earth architecture in
China.

In the conclusion part, the author looked into the future of the Chinese earth architecture and its
possible development direction based on her investigations on earth architecture during the training
program in France as well as the exchanges and communication with people of various areas relating
to earth architecture in her work on earth. In the end, the author discussed her future professional
development plan on earth architecture in order to contribute more to the earth research.

THESIS OF DSA-TERRE 2010-2012 7
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1 INTRODUCTION

1 Introduction

As the thesis paper for the DSA-Terre2010-2012, it has recorded parts of my participation of the earth
architecture during my working (also internship for DSA) in the Architecture School, China Academy of
Art, which includes two aspects: the establishment of the Sustainable Construction Laboratory of the
Architecture school, CAA and the teaching courses of the rammed earth construction.

In fact, they are two closely relative parts. One of the main objectives of the Sustainable Construction
Lab is to serve for teaching. The lab was established from nothing, and then improved step by step.
It has enabled the construction courses of the school to be implemented truly. What’s more, the lab
will become the international exchange platform for our school, which is to expand the academic
scope of view, promote more innovative and effective teaching approaches. At the same time, the
lab also needs to adjust development direction in order to meet the requirements of the increasingly
developed teaching system.

Therefore, | have recorded in details of the process of the establishment of the Sustainable
Construction Lab and the rammed earth course and the respective experience summary in this thesis.
Besides, the thesis also looks into the future development of the earth architecture in China based on
my working and study experience on it.

1.1 Background of the Establishment of SCL
1.1.1 Academic direction of Architecture School of CAA

From the establishment of the Architecture School, CAA, its statement is to re-establish a
contemporary Chinese local architecture. The curriculum system of the Architecture Department
emphasizes that the creation of new buildings should be based on the local historical roots. It has
attached great importance to the reality of the site, the reality of the construction system and the
reality of local life. Faced with the fact that domestic architecture schools, including the technology
and engineering schools have a defect on the constructional practice in architecture, the Architecture
School of CAA has made a revolution on curriculum to practice in the lab. It aims to create a teaching
system of architectural design that is in accordance with the features of the arts educational
institutes.

This academic pursuit of the school was initialed by its dean Prof. Wang Shu when the Architecture
Department was set up. As the pioneer and leading role of “Experimental Architecture”—the most
internationally influential architectural movement in nowadays China, Prof. Wang Shu leads the team
to devote themselves to the efforts of re-establishment of a contemporary Chinese local and new
architectural education system. The “experimental architectural” exploration that he insists especially
emphasizes the sustainable construction technology combined with humane consideration. From
2009, he has been leading the teaching and research team to make a general research and survey of
the local architectural resources in the province of Zhejiang. The goal is to establish a database for the
local architectural resources of the province within four years, which is supposed to have the function
of instructing directly the local construction and protection of the architectural resources in Zhejiang.

Hence, SCL emerged. It would be combined with the research on the local architectural construction
system of Zhejiang Province, utilize modern technical means and protect, reproduce, re-excavate or
even re-develop the local architectural materials and construction of Zhejiang.

THESIS OF DSA-TERRE 2010-2012 1
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1 INTRODUCTION

It should be pointed out that the first research object after the establishment of the lab is earth. It is
not just because of the importance of the earth material itself, but also because that used earth as the
construction research object, it would definitely involve researches of a range of relative indigenous
materials (such as wood, brick, stone or even bamboo) during the earth construction process.

1.1.2 Earth folk houses in Zhejiang and China

It is well known that earth folk houses are spread in many areas of China with diverse ways of
construction. In Zhejiang Province, where China Academy of Art is located, a large amount of rammed
earth houses exist. In the process of survey of the local architectural resources in Zhejiang, the earth
folk houses are the important point.

In March 2010, we made survey of the Guodong village in county Wuyi, Jinhua. The existing earth folk
houses could be mainly classified into two architectural patterns of two different ages: the houses
dated back to the Republic of China or even Qing dynasty with a pattern of three-folded courtyard;
the houses dated back to the 1960s and 1970s after the liberation with a pattern of linear. The
geographical distribution of the two categories shows clearly the relationship between the changes of
the patterns and the development of the village. Although the architectural pattern are different, the
structures of the earth material of the old and new houses are similar, that is, the surrounding walls of
wooden frame were connected with the wooden frames by the wooden sticks pre-embedded in the
walls.

The small mountain village of Shanxiabao is located to the southwest of Guodong. The two villages are
in the same area. There are also large amount of houses using rammed earth as the main architectural
material. But since it is in the remote area and the transportation is inconvenient, it is less influenced
by the modern development. The village layout, architectural patterns and architectural quality
is preserved in a better condition. At the same time, the buildings of the village were constructed
according to the winding of the hills and rivers, which made the space of the village more abundant
and revealed fully of the original biological features of the autonomously built traditional residential
houses. After two years in April 2012, our school made a further survey of this village again and
accumulated a lot of direct materials.

In fact, from 2010 till now, since | started to devoting to the relative work of earth architecture, |
have already taken field trips in areas of the provinces of Zhejiang, Fujian, Shanxi, Gansu and Yunnan

£ RARHEGEZSRFLERE, A FRAHERG—FERE
Left: Traditional folk house of Sanheyuan in Guodong; Right: Latter-day line-shaped folk house in Guodong, 03/2010
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1 INTRODUCTION

and investigated the earth folk houses there. In the investigation, it was not difficult to judge the
differences of the earth application methods between areas, from aspects from as big as the ways of
construction including rammed earth, adobe, dugout earth and surface treatment and the structure
patterns of the earth material including load-bearing or non-load-bearing, from as small as the
structural ways of the earth construction, for example, the earth construction formwork system has
plank pattern, rafter pattern etc. It could be seen that the application ways of the earth material in
various areas are identical to the local residential space and structure forms as well as to the features
of the local materials.

During the investigation process, it was painful to see the earth folk houses in those areas were being
assaulted by the modern ways of construction. Bedsides people’s out-date concept on the “earth
house”, the lack of high qualified technologies is also an obstacle for the preservation, restoration
and new construction. Therefore, scientific and application research on earth architecture and
construction technology is urgent.

1.1.3 Rammed earth practice of Professor Wang Shu

As the promoter of the academic concept of the Architecture School, Prof. Wang Shu had
experimented on earth as early as the year 2000, making a sculpture with earth in a contemporary
art exhibition. The rammed earth wall used as a sculpture was dismantled three months later for the
reason that it was considered to be an unbeautiful work or too “outdated” by the organizer. Prof.
Wang Shu thought the ending for this rammed earth wall—dust returns to dust and earth returns to

earth—was not against the application intention of the rammed earth. The earth used for the wall

XEREELTGSHBERN, =k
Diversity application of earth in folk houses in Dali, Yunnan, 04/2012
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1 INTRODUCTION

was exactly the earth from the excavation of the foundations of the other artists’ sculptures. But
this implies that it was generally unacceptable of the local construction way with rammed earth. In
2006, Prof. Wang Shu again used rammed earth for the enclosure walls for his Tea House of the Five
Scattered Houses project in Ningbo. The successful implementation of the rammed earth wall then, to
a large degree, was due to people’s recognition of the charm of a tea house.

In the construction of the two rammed earth projects, both used steel formwork. The reason for this
was not only because of the guarantee of the quality of the walls but also in the hope of integrating
the rammed earth into modern constructional system. In the application of the material, lime was
added in both of the projects. In the sculpture project, the wall had been collapsed because of the
over-use of water and lag of the dismantling of the formwork. In the Tea House in Ningbo, the earth
was mixed with lime as well as stone powder and cement; the purpose was to enhance the strength
of the walls. But as a result, there appeared a lot of tiny cracks on the walls.

In order to prevent the above problems for the rammed earth walls for the under construction project
“Tiles Hills”, the proportion and preparation of the materials, the choice of the formwork system and
rammer all followed the modern methods of CRATerre. From the previous testing result, both the
wall quality and the exterior appearance basically met the design requirement. Though, as a public
project, whether it is feasible to use the rammed wall directly as the interior wall of the hotel rooms
is still in question. Besides, in consideration of the anti-earthquake requirement, the rammed earth
wall is being filled in the reinforced concrete frame, but the general height should be about 8 meters
and only 60 centimeters thick. These several attempts on the application of the rammed earth have to
wait for tests after construction.

Prof. Wang Shu said that he was very confident about the rammed earth construction of the project
and also about the prospect of rammed earth in China. He would also practice himself on application
of rammed earth in the future larger scale projects. As the most influential practitioner of local
architecture, his architectural works will increasingly be the imitation models of contemporary
architecture in China, which will be the positive element for the renovation of resurgence of rammed
earth or even earth construction in China.

In conclusion, the Architecture School, under the guidance of Prof. Wang Shu, is necessary to establish
a lab centering on earth architectural researches and applications in order to support teaching,

research and engineering technologically. In addition, the collaboration between our school and the

i

KAELERBAINY, Ti#, TERERFRKE, i
Building site of project "Tiles Hills", Wang Shu, CAA campus, Zhejiang, 04/2012
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1 INTRODUCTION

National Superior School of Architecture of Grenoble with CRAterre-ENSAG Research Laboratory
as UNESCO chair of earth architecture, building cultures and sustainable development has provided
favorable conditions for the establishment and development of SCL.

1.2 Objectives of SCL
1.2.1 Curriculum teaching

The undergraduate teaching of the Architecture Department has been emphasizing experiment
with hands. The first and second year students mainly learn with hand experiments with courses
relative to construction including basic carpentry, basic masonry and basic metalworking. After the
establishment of the lab, at least two more integrating courses will be added into the curriculum
of the third, fourth and fifth year students combined design and construction together. Therefore,
the construction concept runs through the whole teaching system of the five-year undergraduate
architectural education. A construction teaching system with local features has been formulated. The
rammed earth courses have been implemented for three times, which will be elaborated in the later
part of this thesis.

1.2.2 Research project

The Architecture Department of the school focuses on Chinese local architecture and feels the
urgency of protection and development of the local materials and constructions. Therefore, one
of the important functions of the lab is to provide technology guarantee for the national research
project centering on the local architectural construction of Zhejiang province, such as setting up a
substantial local architectural construction database and doing experiments on the improvement
of traditional materials and application of new materials; it is not restricted by traditional methods
though it is to protect the tradition; it devotes to introduce modern constructional concept to
traditional construction. Based on the research of Zhejiang province, it will expand its research scope
to the whole country to search out a complete local architectural construction system of China. At
the same time, the experiments results will be applied into teaching, or even involve the students
into the participation of the database set-up. The lab will serve teaching and research as much as
possible. So far, the local architectural survey has covered dozens of villages of the Zhejiang province
and continues to proceed. According to the plan, 133 villages will be surveyed by next year and will
publish the survey results.

ALK AR w SR %R

Light steel structure construction course for Grade 4 of Architecture Department, 03/2012
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Construction Workshop of Architecture School
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1 INTRODUCTION

Additionally, our school will develop a series of international academic exchanges relative to
construction based on the lab establishment. For example, last December the school hosted an
international conference with the theme of The Protection and Redevelopment of Rammed Earth
2011, besides the objective of exchanges nationally and internationally on the conference, it also
brought the local construction of Zhejiang province or even of China into an international scope.

1.2.3 Project practice

Paralleled to the local construction research, there is a construction research on modern new
architectural materials, which will utilize the processing facilities and technical testing facilities
to make bold innovation on architectural form of materials, integrate design and art theories, do
constructional experiments on the application possibilities of various materials and make effective
combination of arts and technologies in the field of construction.

Till April of this year, the lab has finished the material analysis, reformulation and construction
experiments for the “Tiles Hill” on the Xiangshan campus of CAA designed by Prof. Wang Shu. In the
thesis of Marc Auzet and Juliette Goudy from CRATerre will describe in details on this. So far, the lab is
still assisting the rammed earth construction of the project and providing technical instructions when
it is necessary.

1.3 Approach of the establishment of SCL

The collaboration with CRATerre is an important approach. The collaboration makes clear of the
research direction of the lab from the beginning, that is earth.

The Architecture School of CAA planned to have two teachers to participate the DSA-Terre program
in CRATerre. As the first teacher from the school to participate the program, | spent six months in
France, learning knowledge and skills of earth material and construction application, getting to know
the facilities and operation of the laboratory, which provided necessary knowledge and technology for
the establishment of SCL. At the same time, | also promoted the exchange and collaboration between
our school and CRATerre with the support of the dean. The two exchange scholars from France, Marc
Auzet and Juliette Goudy, have provided great technical support for the establishment of SCL and
researches of rammed earth projects.
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2 ESTABLISHMENT OF SCL

2 Establishment of SCL

The preparation, establishment and operation of SCL have gained great support from China Academy
of Art in aspects such as the space, fund, policy and staff. The fund of the lab is from the special
funds for laboratories of higher institute and the special fund for research projects of CAA, altogether
2900,000 RMB. This fund is for earth architecture lab, as well as for the carpentry, metalworking and
other construction labs. The fund is used for the space renovation, expanding, purchase of the test
materials, purchase and production of the equipment and tools, relative repair and maintain cost
and employment and training of the personnel. The school established guarantee policy for the fund,
setting up rules from the process of establishing, mid-term examination to the final result examination
and fund assignment.

From the preparation of the lab in July 2009, its set position was to do researches on materials
and construction test, including local architectural materials such as earth, brick, stone, wood and
bamboo, and took earth as its first focused research object.

From July 2009 to December 2010, the first list of the equipment was fixed and finished its bid; in
August 2011, the renovation of the lab space was finished; in September the equipment arrived and
the establishment truly started.

At this phase, the establishment of the lab and work in the lab almost happened at the same time, it
was just during this period the equipment and tools of the lab were being increasingly improved and
the layout of the space was perfected through the rammed earth courses and tests for the rammed
earth project. At the same time, the staff of the lab was trained. By now, the equipment of the lab

THEHRIRENE, TEHERFRILPORE 134
Interior of Sustainable Construction Laboratory, 13# Xiangshan Campus of CAA, 03/2012
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2 ESTABLISHMENT OF SCL

is able to do complete earth material analysis tests, with the full ability to carry out rammed earth
construction tests of large scale. Besides, the facilities for earth construction technology such as
adobe and compressed earth block were also improved basically. As visiting staff for the establishment
of the lab, Marc Auzet and Juliette Goudy from CRATerre devoted themselves to the lab to ensure the
success of its establishment.

2.1 Space reconstruction

The space for earth architectural lab of SCL is in the ground floor of Building 13, Architecture School,
CAA, with an area of about 260 m”. Considering the characteristics of the original space, it was divided
into material analysis lab and construction workshop, with an area of 130 m”each. There is a clearly
boundary but very closely related.

When the space for the lab was decided in November 2010, under Prof. Wang Shu’s instruction, the
reconstruction of the space started from July 2011 and lasted for two months. The original space was
two big classrooms. The main reconstruction point is to make an opening on the wall between two
columns at the construction workshop side. A big sliding door of 5.6 meters wide was fixed as the
access of materials and facilities. Besides, an electrical cart was fixed at the top of the construction
workshop for lifting and loading of large and heavy things. For the design and production of the
furniture, the cabinets and tabletops could e combined freely according to specific purposes. Other
adjustment including infrastructure of water and electricity was also made accordingly.

ML ERENK, TEERFER LT OKRE 134
Interior of Material Analysis Laboratory, 13# Xiangshan Campus of CAA, 03/2012
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2 ESTABLISHMENT OF SCL

2.2 Material Analysis Laboratory

Since the first batch of facilities were mainly for material analysis and testing, the earth material
analysis lab came into use from the very beginning without much difficulty.

2.2.1 Layout of the laboratory

The material analysis lab officially put into use at the beginning of the new semester, September 2011.
At that time, the space layout and furniture utilization were adjusted for better and more convenient
storage of the tools and equipment. (Image on p24)

2.2.2 Equipment and tools of the laboratory

The equipment of the earth material analysis lab was mainly based on the one in CRATerre. The
detailed list was included in the Soil Identification Manual. So far, the lab is able to carry out all tests
for earth materials, including:

1) field test

2) laboratory test
Grain-size distribution analysis — Sieving test
Grain-size distribution analysis — Sedimentation test
Clay dilatability test
Atterberg’s limits: plasticity index, liquid limit and plastic limit
Standard Proctor test
Permeability test
Cohesion test

Besides, the lab is also equipped with thermal performance test equipment and compressive strength
test equipment, so it could also do tests of conductive coefficient and compressive strength tests on
earth components such as rammed earth testing blocks.

2.3 Construction Workshop

It was different with the material analysis lab, the equipment and tools of the construction workshop
had not been bought before the establishment of SCL. So it could be said that the construction

RRALGAMADATEIE, FEERER L FORE 13#
Material Analysis Laboratory in use of the graduate students, 13# Xiangshan Campus of CAA, 03/2012
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2 ESTABLISHMENT OF SCL

workshop was equipped gradually according to the needs in the process of using it. During the
establishment, there were two construction workshops, the first rammed earth construction course
and the second rammed earth testing wall construction workshop.

2.3.1 Layout of working space

Based on the local earth quality identification, it has been proved that the proportion of clay is too
high. The earth could not be used alone as the rammed material. It has to be mixed with sand and
gravel. What’s more, the water proportion of the earth used, which had been excavated directly from
the project site of the “Tiles Hill”, was too high and easy to clot, so it had to be dried and smashed
before mixing with the other materials; otherwise it couldn’t meet the usage requirement.

In order to prepare the earth in the most effective way, the site layout of the construction workshop
was adjusted according to the special rammed earth production line. The whole production line
surrounded around the to-be-built walls to form a continuous operating line and prevent as much as
possible the waste of site and improve working efficiency:

Drying — smashing — storing — mixing — reaction — ramming

2.3.2 Equipment and tools of the workshop

After the two rammed earth construction workshops in 2011, the construction workshop was fully
equipped with facilities for the mechanical rammed earth construction. Since there had been another
rammed earth construction in 2010, the prepared three sets of traditional rammed earth formwork,
rammers etc. were left with partially damage. Therefore, the workshop is equipped both for hand
ramming earth construction experiments and mechanical ones.

Apart from the self-made rammed earth formwork, we tried to buy all the equipment and tools for
the construction workshop in Hangzhou. On the one hand, it would reduce the cost of purchase and
future repairing; on the other hand, it was possible to examine the quality of local equipment and
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2 ESTABLISHMENT OF SCL

prepare for the larger scale of projects in the future. The most important equipment and tools in
the mechanical rammed earth construction include: mixer, pneumatic rammer, air compressor, air
adjuster, formwork and scaffolding.

1) mixer

The purchased mixer is the standard horizontal axis one. Its productivity is enough for the scale of
construction inside the lab. Since there was no access to buy the smashing machine, the mixer also
plays the role of smashing machine. When it is used as smashing machine, big stones will put into the
mixing barrel to assist.

2) pneumatic rammer

The bought domestic pneumatic rammer is comparatively light, and easy to operate. Compared with
the imported one, this rammer is more cost effective, but it still needs to be checked and adjusted
regularly in order to ensure the well performance. It is recommended that every worker should be
equipped with at least 1.5 rammers.

3) air compressor, air adjuster

The output volume of the air compressor is 2 m*/min, the power provided enables two pneumatic
rammers working at the same time. The disadvantage is that its volume is too big and heavy so it is
not convenient to be moved.

In order to enable the air compressor to provide air current with stable pressure, air adjuster is
needed to assist. The functions of the applied two pieces of air source processor not only keep the
pressure stable but also lubricate the rammer. In this case, the rammer is more operable, so that the
material will be rammed into well distributed walls under even pressure.

4) formwork system

In the second workshop, Marc designed a formwork system, which was then produced by the

A AR, ARG
Training of earth architecture, Construction Workshop, 03/2012
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2 ESTABLISHMENT OF SCL

carpentry workshop of Architecture School. The basic principle for the design of the formwork is low
production cost, light and easy to install and uninstall, so that it could meet the current and future
experiments requirement.

In fact, the initial designed formwork was light and easy to operate but not strong enough. Under
the intense force of mechanical rammer, there appeared a lot of rips on the wooden planks and the
component links became loose. Therefore, the formwork was improved accordingly, the thickness of
the planks and components increased, the links between components were enhanced to raise the
strength of the whole formwork. The improved formwork is heavier but still could be operated by two
people, only need more time. It has been proved that the improved formwork is strong enough to
endure the pressure of mechanical rammer.

In this formwork system, the common screw rod of 1.2 meters long and nut were used to fasten
the formwork. The emerging problem was, the screw rod was difficult to be pulled out in the
uninstallation and would destroy the surface of the wall in the pulling process. At the same time, the
earth would stick on the surface of the screw, making the screw impossible to be used again. It was
recommended to use the fasten component especially for the concrete industry, but it could not be
found in the Hangzhou market for the time being.

Then in the third workshop in March 2012, namely the earth architecture training, the lab provided
some self-made wooden molds and small rammers for the adobe, compressed earth block, and
various kinds of trowels for the plaster were added. The equipment of earth construction is
increasingly improved.

2.4 Personnel Training

Our school attached much importance to the personnel training of the lab besides the equipment of
the lab hardware.

In the initial stage of the preparation of the establishment of SCL, our school sent staff to study
and investigate in CRATerre. In May 2010, as member of the preparation team, | went to France
to participate the 9" International Earth Festival and for the first time | got to know the modern,
professional researches and constructions with earth material. After | returned to China, the first list
of the equipment for the lab was decided with reference to the facilities of the material analysis lab
of CRATerre and the earth testing methods of our country. From December 2010 to June 2011 when

A T ERIZY], TN R A IRIZIR
Training of earth architecture, field tests (photography: Juliette Goudy) and theory lessons
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2 ESTABLISHMENT OF SCL

| was participating the program of DSA-Terre in CRATerre, | also made investigation of the deploy
and usage of every facility, the setup and carrying out of the courses. After | returned to China, the
information and skills | had acknowledged in France was critical both to the preparation of the lab and
the operations after its establishment.

From September 2011 to April 2012, with the help of Marc and Juliette who came to our school for
their internship and exchange, a series of earth material tests and trainings on the theory and practice
of earth construction technology were made in the lab. The participants included the full-time staff
of the lab, teachers and postgraduates of the school. Besides, from the rammed earth construction
courses, some undergraduates have get to know the basic knowledge about earth and rammed earth
construction technology; from the construction of rammed earth wall for the metalworking lab,
some workers who are participating the construction of the “Tiles Hill” projects have got to know the
modern rammed earth technology.

The training starting from March 2012 for four weeks was the most professional and complete
training. One important reason for this was that the tools and equipment for testing and construction
had all been fixed that could support all the tests in the lab. As the training teachers, Marc Auzet and
Juliette Goudy explained, demonstrated, and instructed every earth test and construction practice.

2.4.1 Trainees and training objectives

The trainees are: a full-time staff from the lab, two teachers from the Architecture Department, eight
postgraduates of Prof. Wang Shu'’s, altogether eleven persons.

The objectives include: in order to ensure the management and operation of the lab in the future, the
full-time staff has to know the testing principles, the methods of using the facilities, be able to finish
all the tests independently, do practices of constructions so that he has the ability to assist teachings
and research works. The relative teachers and students should also know the testing principles as well
as the operation in order to performance better in earth teachings and researches.

PLANNING OF TRAINING OF EARTH ARCHITECTURE
(constitutor: Marc Auzet and Juliette Goudy)
Schedule : 3h00 - 11H30 13090 - 17h00

WK 1 ; Firt Asproach 1o the muterisl WEER I Sod identification WEEK 1 Rarwmed Earth Fechmique

INTRODUCTION |
EARTHEN ARCHITECTURE | Il
3 BRICKS - =

GRANULAR SPECTRUM =

CARAZAS TEST ﬂ
EARTH AS & RAW MATERIAL

S0IL IDENTIFICATION ]

FIELD TESTS ' '
LABORATORY TESTS 1 L .. ]

REFOAMUILATION 1-

EARTH AS A BUILDING MATERIAL ' ]

EXPERIMENTATION ' = = 1_'-
-T"“"'" -Fn:hﬂl."t-n‘ﬂl'-n -:Iglnp‘
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2 ESTABLISHMENT OF SCL
2.4.2 Training process

The training this time consists of three aspects: preliminary understanding of earth materials, soil
identification tests and earth construction technologies; every aspect has theory lectures and practice
operation. The specific schedule is as following:

It could be seen from this form, firstly the trainees personally experience the property of earth that is
relative to construction through practice. On his basis, scientific analysis was made to test the earth,
and then judge the tested earth was applicable to which construction technology and also improve
the proportion of the mixed materials. Lastly, practice with earth construction, such as ramming the
earth and plaster the surface. By such practice, the trainees would master the relative construction
skills and know the materials better.

It is worth mentioning that before this training that Julieete and Marc had basically finished the
English version of Soil Identification Manual that | had translated it into Chinese. The handbook
played an important role in the training.

Such training is critical to the effective operation of the lab in the future. The lab is only able to
run efficiently and continuously for the earth construction teaching, engineering application and
researches when the staff of the lab knows how to use it correctly. In order to make the training more
comprehensive and specific, the planned three weeks finally came to be four weeks. The outcome is
comparatively satisfactory and meets the planned objectives.

2.5 Experience summary

From the preparation of the lab in July 2009 till the establishment almost finished in March 2012,
it costs nearly three years. During this process, the lab has experienced gradually clearer research
direction, the decision, examination, bid and purchase for the equipment, staff employment and
training as well as the improvement during the process of teaching and rammed earth construction
experiments.

This is a long process. But the main reason for this is because it depended on the procedure of
the application for the lab plan, approval and bid, purchase and arrival for the equipment. Though
without these uncontrolled elements, this was still a long process with many obstacles. Because
the earth architecture lab of our school is the first one in China that takes earth as an architectural
material to study, there must be a process of exploration.

During this process of exploration, there are some critical elements that attribute to the success of
the establishment and benign operation:

1) international exchange and cooperation

Prof. Wang Shu’s academic pursuit and intentional view of point made it successful the collaboration
between our school and CRATerre. This collaboration provided professional knowledge and
technology, and the hardware equipment of the lab was the most advanced from the very beginning
and is used effectively. Besides, the lab researchers brought or trained by this collaboration has played
a critical function to the establishment of the lab and will keeps functioning in the operation of the
lab in the future.

2) budget and personnel support
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2 ESTABLISHMENT OF SCL

The establishment of the lab requires large fund and personnel. In the aspect of fund, the special
fund for the lab is relatively abundant. So besides the testing equipment in the bid, much more
construction facilities and tools were bought later according to the situation. These were bought in
Hangzhou with an economic price and very functional.

The enough funds also make it possible for the staff employment and training. With professional
staff, the establishment of the lab followed the plan and efficiently, which in turn ensure the normal
operation after the establishment to serve teaching, research and engineering practice.

3) project application support

The establishment and operation of the lab on the one hand provide support for the earth
construction teaching and on the other hand function as a research platform for the project of
Zhejiang local architectural resource survey. Besides, it also support technically for Prof. Wang Shu’s
rammed earth project. It is because of this feasibility, the establishment proceeded toward a good
direction.

In fact, at the beginning of the preparation stage and before the full collaboration with CRATerre, for
the reason of lack of professional staff and with no reference, the preparation for the lab had taken
some wrong paths. For instance, when | chose the equipment and tools, | hadn’t participated in the
DSA program and taken reference from the equipment list of CRATerre. As a result, too many facilities
were bought abroad and the prices were much higher than those domestic ones. In the future, the
purchase of new facilities will first turn to the domestic ones with good quality in order to save cost.

As the first earth architecture lab, its establishment and operation will be a reference to the
similar labs in China. In fact, the Architecture Department of Xi'an University of Architecture and
Technology is planning to establish a lab of this kind with the promotion of its dean Prof. Mu Jun’s.
The establishing model and equipment are following our lab, which will help the success of the lab as
mush as possible.

Additionally, as for the core technologies of the lab, that is the soil indentification, | will adjust the
standards based on the Soil Identification Manual provided by CRATerre, taking into the consideration
of the standards of China, in the hope of making better use of these standards in China.
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3 TEACHING ON RAMMED EARTH

3 Teaching on rammed earth

One of the main purposes of SCL is to support construction teachings of our school with its
technology. The objective of the construction courses of Architecture Department is to encourage
the students to understand the fundamentals and methods of material application and then have the
capability to design construction ways with the material through practices with material constructions
and tests so that their professional design skills would be improved. Before that, there had been
courses of carpentry basis, masonry basis and metalworking basis. With the establishment of the lab,
rammed earth courses are carried out systematically.

In fact, at the beginning of the preparation of the lab, namely in June 2010, the department had
a rammed earth construction course, referred as the first rammed earth construction course in
this thesis; in the establishing phase of the lab, namely in September 2011, there was the second
one; after the basic establishment of the lab, namely in June 2012, there was a third one. The first
one was not supported by the lab technically; the teaching had attached more importance to the
construction design and experiment; the second and third ones have covered the modern rammed
earth construction completely with scientific analysis and construction technology. Till the completion
of this thesis, the third course is still under its way.

3.1 Rammed earth course 1

Time: May 31, 2010—July 2, 2010 (five weeks)
Teacher: Zhang Wen

Students: First-year, 61 students

3.1.1 Objective and content

The objective of this course first of all was to enable the students to know the significance of
the application of earth today, and then know the property of earth materials through practices,
acknowledge the basic rammed earth skills so that they can understand the influences of template
construction to the building form and obtain the practical basis for the earth construction or even the
variety of designs for template construction.

Therefore, the focus of the teaching was to make the students understand the construction process,
on which basis to design the rammed earth wall structure and practice themselves to verify the
designs. Finally every team finished a rammed earth wall of 3 meters long, 0.35 meter wide and 2.7
meters high, since it was team work, during the process, students could learn from each other in
aspects of design, construction and effects.

3.1.2 Teaching plan and process
According to the plan, the course was divided into three phases:

The first phase, was theory lectures on earth architecture and rammed earth technology, site
investigation and reference books reading, designs of the structure of the rammed earth wall.

The result of this phase was to have every student make a drawing of the designed rammed earth wall
with construction structure specifics based on the lectures, investigations and understanding of the
rammed earth technology, the drawing should cover rammed earth tools, the section of the wall and
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3 TEACHING ON RAMMED EARTH
elaboration of the construction technology.

During this period, the construction workers were charged of casting three reinforced concrete
foundations of 25cm high on the site.

The second phase, was ramming earth practice, including the preparation for earth materials,
added materials, ramming tools, sample production and ramming.

Chosen from the 61 pieces of drawings, the most representative proposals were combined into three
construction schemes. The students were grouped into three teams with approximately 20 students
a team, building the respectively scheme. The three schemes were differed from the enhanced
measures, the appearances and the ways of opening windows:

Group 1: Enhanced measures: bamboo sticks, pinewood sticks and pin key
The appearance: ceramics
Window opening: big window

Group 2: Enhanced measures: wheat straw
The appearance: earth with various colors
Window opening: no window

Group 3: Enhanced measures: change the proportion of the earth mixture according to the height
The appearance: division of three layers, a layer of gray bricks were added into every two
layers of the earth

Window opening: rear window

£ FAMBATREN AL LR, & RN 5 AR
Left: Earth and other material taken by the students; Right: Traditional formwork used in the course, 06/2010
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3 TEACHING ON RAMMED EARTH

After the scheme was set, every member in the teams got his/her own job. Firstly, prepare the
materials and tools according to the construction schemes. It was noted that the formwork and
rammer of each team were the same and had been produced before the course by a carpenter. They
were the traditional wooden formwork and wooden rammer of Zhejiang area. The formwork was
2 meters long, 0.35 meter wide and 0.33 meter high. Every group made their own decisions on the
option of earth material. In consideration of the problem of transportation, they mostly had chosen to
fetch the earth on the construction site and hillside near the school. The students used shovels to dig
and then transported it back to the site with a cart; they were also responsible to take measures for
the rain-proof.

In the mean time, some students were doing tests on the earth cube of 20 cm according to their
scheme and adjusted the construction scheme based on the test result. Some students were making
the working schedule and distribution, including distribution on earth collection, mixing, ramming,
tool keeping and recording and the construction plan. Because there was a masonry course at the
same time, the team members had to well arrange the distribution and time of working.

When everything was ready, the ramming began. During the construction, every team was required
to record the whole process of ramming, including the material proportion, construction craft and
the procedure as well as the construction workers. Process photography was also required. After the
construction, the students had to clean up the site.

The third phase, was to sort out the course results and make presentation, including the process
records, experience summary and exchanges.

Finally, every team was required to review the records of the whole process and sum up their
experience in ramming and make presentations to exchange. Learn from practice through comparison
between the finished rammed earth walls of every team in aspects such as the reasonability of the
construction methods, the stability and strength of the walls.

3.1.3 Effect and experience

This was the first ramming course of our department. The students were inspired by this “new”
event, working hard in the extremely hot son. Since the three construction schemes, three kinds of
walls were represented on the same site, the three teams learnt and competed from each other,
the students’ skills in ramming were improved quickly. To the end of the five-week course, because
of limited time and bad climate, the wall was only constructed to 1.4 meters high instead of 2.7
meters. However, every team basically realized the appearance of the walls and got to understand the
features and possibilities of the template construction. It was regretful that the final presentation was
not done because of the lagging of the construction phase. But every tem submitted a report.

By summing up, apparently, the main problem of course was a lack of systematic and scientific
probe into the material and the rammed earth technology, but mainly with experience and feelings.
Therefore, though the supposed objective of the course was to get experience and cognition through
the comparison of the three teams, so that the students would acquire the ramming skills, but in
fact because of the lack of systematic and scientific theory support, it was impossible for them to
understand and acknowledge the rammed earth construction totally with short working experience.
It had to be acknowledged that this was largely due to my limited knowledge and experience in this
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3 TEACHING ON RAMMED EARTH
aspect as the teacher at that time.

In the course, the earth taken by the students was largely the surface earth for planting because of
the little knowledge on the choice of earth material for rammed earth. Though every wall was added
with enhancing materials such as wooden pieces, bamboo sticks etc. But this was a misunderstanding
of rammed earth technology. The real situation was that the local earth had a high proportion of clay,
with which the wall constructed without adding sand or gravel soon appeared a lot of cracks. Besides
the problem of the earth quality, the self-fetch of earth had influenced the process of the course
greatly.

On the other hand, since the formwork was traditional wooden one, a defect of supporting
structurally was inevitable, which caused that the rammed earth between templates was not intense
enough or even appeared malposition. Since the quality of the wooden formwork and rammer was
not good enough, they were damaged in the construction, delays in construction often happened.
These could be avoided in the future courses.

Another important factor for the delaying of the construction was the bad climate. Ramming is a
tough work. In the June sun of Hangzhou, the extremely hot climate was so exhausting that the
students chose to postpone the starting time or reduce the working time. Besides, it was the rainy
season of southern China. The rain often stopped the construction process.

Additionally, problems such as the time for the course, number of participating students led to the
difficulty of ensuring the participations of all students in the construction process and in turn affected
the teaching effect. This problem was the inevitable in such rammed earth construction courses. This
will be elaborated in the following part.

3.2 Rammed earth course 2

Time: September 5, 2011—October 9, 2011

Teachers: Marc, Juliette, Zhang Wen

Students: Fourth-year students, altogether 41 students
3.2.1 the original plan

According to Prof. Wang Shu, the original plan was to have a rammed earth workshop within five
weeks. The fourth-year students were instructed to construct the rammed earth wall of 3.5 meters
high for the metalworking lab(the building area is about 70m?).

The workshop was also a construction experiment for the rammed earth walls of the “Tiles Hill”
project. The experiment included aspects of the proportion and preparation method of materials,
formwork system and small scale of production line (that is excavation, preparation, transportation
of earth and ramming); at the same time it also tried with different kinds of local earth to test the
surface texture.

The course was planned to be in two phases: the first week was for the lectures on the earth materials
and construction technology. The other four weeks were for construction. During the lecture week,
we organized the site (cleaning up the site, wall base production), prepared the earth materials,
formwork and tools.
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3 TEACHING ON RAMMED EARTH
3.2.2 Course process
The first week: theory lectures and exercise

Lecture 1: Earth Construction and Contemporary earth architecture, this lecture introduced to
the earth architecture around the world, the reason why many civilizations around the world had
chosen the material of earth, despite time and space. It also introduced to the application of earth
in traditional and contemporary architecture and drew forth the main construction approaches and
technologies.

Lecture 2: Earth as a Construction Material, it focused more on technologies, depicting the physical
property and components of earth (grain distribution, clay, moisture, etc.) . It also introduced the
rammed earth construction technology.

Practice: design a rammed earth production line. After the lectures, the students were asked
to design a rammed earth production line for the preparation of the rammed earth wall for the
metalworking lab. The practice was divided into three procedures. Firstly, the students discussed
the main procedures (such as excavation and preparation of earth, ramming and so on) of the
construction together under the instruction of teachers. After the class, the students were grouped
into six teams and every team was to finish a pamphlet about production line design that was about
the site organization and working line according to the building site. The line should be reasonable
and efficient. Finally, the designs were accumulated and the teachers guided the students to finish a
pamphlet about the optimal production line. This exercise helped the students understand fully how
to organize effectively and would help greatly on the practices.

The second and third week, practice on the rammed earth production line

According to the original plan, from this week the students were supposed to start the rammed
earth construction on the site. But because of some unexpected factors, the earth materials, base
and formwork for the wall had not been prepared. So we organized another smaller line, using the
recycled earth from the finished rammed earth wall last year and the same traditional formwork as
the previous course.

The purpose of this was to construct a “teaching wall” to test the production line and for the students
to experience the rammed earth technology. In the process of ramming, by using different proportion
of earth, the students would experience the influences of the difference operations of procedure to
the production line and the changes of the quality of the rammed earth wall.

The fourth week, the proportion test of the earth materials

In consideration that the metalworking lab hadn’t been equipped with the relative constructing
conditions, we then arranged a set of testing practice, which was carried out with three steps in
the lab for the proportion test. The purpose of the practice was to make the students understand
the composing grains of earth and the meaning of moisture, and obtain the method for material
reformulation based on the analysis of the test result.

Step one, comparison test of the rammed effect of different proportions of earth. Ram different
proportions of earth mixture in the moulds in order to understand the influences of various sizes
of grains and their proportion to the ramming effect: the more the composing grains are, the more
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3 TEACHING ON RAMMED EARTH
compacted the rammed eaerth will be.

Step two, the comparison test of rammed effect of different water content. The optimal earth
proportion gained from the first step was used to do the proctor test in order to understand the
influences of different water content to the rammed effect: there exists an optimal water content,
with which the rammed earth is compacted best.

Step three, check the calculated result of the proportion by sieving test. Let the students sieve the
local earth, sand and gravel and draw the grain-size distribution curves. Then calculate the proportion
based on this test result and get the suitable proportion of the mixture with earth, sand and gravel.
Compare this proportion with the optimal proportion gained from step one. Additionally, let the
students sieve the earth mixture according to this proportion and compared the result of the sieving
test with the one of grain proportion calculation.

The fifth week, earth construction

In the construction workshop, the columns and base of the rammed earth wall were produced with
earth mortar and gray bricks. The purpose of this practice was to enable the students to obtain the
masonry technology of earth mortar and prepare for the experimental rammed earth wall that would
be built in the construction workshop.

3.2.3 Effect and experience

As mentioned above, the course was orginal planned as a construction course, the focus of which
was construction practice. But the real situation was, the course didn’t finish the construction
mission according to the plan because of the bad preparation of various aspects. Instead the students
experience and learn the property of earth and rammed earth technologies through a series of
practices and lab tests.

The course was taught from three forms: theory lectures, experiments and construction practice.
The theory lectures involved aspects of earth architecture, earth materials and earth construction
technologies. The experiments were consisted of five hydrous forms of earth experiment, comparison
test of compaction, optimal water content test and the calculation of grain proportion. The
construction practice included the design of production line, ramming of the “teaching wall”, masonry

work of the base and columns. Objectively, as an earth course, the adjustment of the content and

AT T . I
£ FAMAERATHSMRX, B FENDAS LG AE
Left: Students were doing seiving test; Right: Students were making the base of the rammed earth wall, 09/2011
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3 TEACHING ON RAMMED EARTH

setup of the course should have been better for the students to learn rammed earth material and its
construction. Especially in the teaching process of using traditional technology, the materials without
proportion and the traditional way of formwork installation resulted in the bad quality of the rammed
earth wall. But the students also learnt from the failure, understood more of the modern ramming
technology and the necessity to improve the technology. The wall was not perfect, but it could be said

III

that it was a true “teaching wal

Although the course had been adjusted on time and with good reasons, with restrictions such as
materials, tools, time, number of students, the supposed teaching effect was not achieved fully. The
problems this time were similar with the first course and were the ones the third one was going to
face:

1) preparation

The site, materials and tools are the presupposition condition for any kind of construction course. The
course, as the experimental workshop for the “Tiles Hill” project, the construction materials needed
such as earth, sand and gravel as well as the formwork and base of the wall should be provided by
the construction corps of the project. But in fact, about one third of the construction material didn’t
arrive until the end of the third week and the concrete base of the wall was only finished until the
fourth week; the formwork was installed on the last day of the course. The lagging of preparation on
the one hand was because of the negative working attitude of the corps who was always late of doing
the job; on the other side, it was the first time that the corps being commissioned with a rammed
earth project. They doubt of every step such as the design and production of formwork, the choice of
earth and the proportion and so on. This was why the preparation was so lagged behind.

Fortunately, all the tools and facilities for earth tests and construction have all been fixed. The only
difficulty is the material preparation for the future rammed earth courses, because in China, earth is
not a common construction material that could be bought directly. When it is required to use large
quantity of earth for construction, we have to turn to other access.

2) time for teaching

The time for this kind of workshop is the same as the other design courses—in the morning or
afternoon of every Monday, Wednesday and Friday, that is, three times a week and three hours one
time. It could be imaged that such time arrangement is very unfavourable to construction work and
especially affect the rammed earth construction. Since as soon as the production line starts, three

o RRENOS LAY
Building site of rammed earth course 2, 10/2011
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3 TEACHING ON RAMMED EARTH
hours every time is too low efficient.

In fact, in the practice step, the six teams of students were purposely divided into two groups and took
turns to join the workshop so that the time for working could be lasting. But this is apparently not a
good solution yet, because to every student the time for the practice operation was not continuous
and the learning outcome would be discounted.

3) number of students

As mentioned above, the shift of times for the two groups of students, on the one hand was for the
continuity of the construction work, on the other hand was because of the number of students. There
were 41 students participating the workshop. If all of them had practiced at the same time, there
were not enough materials and tools and no site big enough either. What’s more, it would be difficult
to organize the workshop on site. The result would be unsatisfactory. Therefore, taking turns was a
solution with no other alternative. But this definitely increased the working hours of the teachers
greatly.

As a matter of fact, for the reason of the lagging behind of the construction of the rammed earth wall
for the metalworking lab, the teaching plan had to be adjusted again and again. The students were
doubt of the feasibility of the rammed earth construction. Fortunately, one fourth of the students had
shown interest in the learning of rammed earth and devoted themselves to it.

3.3 Feedback

In addition that the teachers should sum up the teaching process and experience gained, they should
also get to know the real effect from the students’ perspective. Especially for this purpose, a “Rammed
Earth Construction Course Questionnaire” was designed to make a survey of the students who
attended these two rammed earth courses as a feedback resource. (Appendix: questionnaire)

The questionnaire tries to get feedback from three aspects: teaching effect, course arrangement
and earth architecture as a profession. Thus in addition to teaching, the survey also pays attention
to the view point of students of architecture major toward earth architecture, getting to know the
possibilities of their future career.

The questionnaire is consisted mainly with choices, including single choice and multiple choices
complemented with several questions in order to know the reasons for the choices. Students involved
in the survey are the ones who have participated the first and second rammed earth construction
courses. And the survey was done in class anonymously in April 2012, two years after the end of the
first construction course and half a year after the second one. It is just because of this apart of time
that the students could reflect calmly and objectively. It is regretful that many students of the four-
year students who have participated the second course have not been included in the survey because
of their internship out of campus. But it is still possible to reflect the learning conditions of the
students from the result of the survey. (Appendix: statistics of the survey)

From the teaching effect, most students don’t know much about earth architecture or rammed earth
construction before the courses. But they have the willingness to learn. The reason that the courses
didn’t meet their expectations fully is mainly because of the set of the courses that | have mentioned
above. Although the effect does not fully achieve the expectation, it is relieved that through the
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3 TEACHING ON RAMMED EARTH

courses, almost all students have shown some interest in the earth architecture or rammed earth
construction and felt it is helpful to their professional study. If there is any opportunity in the future,
they are willing to learn the relative knowledge and technologies more deeply.

In the setting up of the courses, most students said that the construction practice was most helpful to
them, but the theory lectures were not so interesting for them. Of course, some students also showed
their interest in the lectures and testing operations. It was interesting that from the statistic result,
the students who had participated the first course showed more interest in the earth architecture or
rammed earth construction than the students of the second course did, and considered the greater
help of the course to their professional study. This result should be related with the degree they were
involved in the construction practice.

According to the previous teaching experience, it conforms to the features of the students in art
schools. They are better at learning from practice instead of sitting in a classroom and listening to the
lectures. They tend to be less interested in the experiments that require rational thinking and strict
operation. In fact, in the first course, there was no experimental operation truly. But there were more
such operations in the second one. The statistic result shows that the more experimental operations,
the less they are interested in. But it also shows that the more experimental operations there are, the
more the students feel their importance.

It reminds us that it is only that we make adjustment to the theory lectures, experimental operations
and construction practices in order to make reasonable time distribution and interval arrangement,
then it is possible to inspire the interest of the students in learning more efficiently. With the
interconnection of the three aspects, the teaching objective will be achieved. For this purpose, we
have already adjusted the teaching plan for the third construction course accordingly, in the hope of
getting improved results in the future feedback survey.

In the survey of their willingness in participation of work on earth architecture in the future, it could
be seen that most students are willing to do so; as architect, they will also be willing to use earth
according to the situation. To sum up, there are three reasons: the advantages of earth buildings,
such as ecologically sustainable; the local features of earth buildings that requires to be inherited;
earth as a “new” material has the potential to apply in design. It could also be traced the education
of contemporary local architecture of our school being reflected on the students. Although according
to the survey, few students don’t want to be involved in relative work, but as architect, most of them
will be willing to use earth according to the situation. It is also interesting that those students who
participated the first course are more willing to do so while the students of the second course tend to
choose more “rationally”. Is it because the more the students learn, the more restrictions they know
or because of the different grades, experiences? There is no answer for this. But as users, most of
them accept or even would like to live or work in earth buildings for a long time. However, the number
of students who wouldn’t like to do so almost equals to those who would like very much, both about
one quarter.

3.4 Rammed earth course 3
Time: May 28, 2012-June 29, 2012(five weeks)

Teachers: Wang Shu, Zhang Wen, Chen Lichao
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3 TEACHING ON RAMMED EARTH
Students: first-year students, altogether 62 students
3.4.1 Task

According to Prof. Wang Shu, the planned task for this course is to finish the construction of the
metalworking lab, including the whole building envelop of the walls, roof and the windows and door.

In fact, the rammed earth walls of the lab were planned to be finished in the second course. But
finally the construction had continued after the course by the construction corps under the technical
instruction of SCL. Due to the reason that the corps did not followed exactly the technical requirement
on the preparation of the earth, the quality did not meet the same standard as the experiment done
for the “Tiles Hill” project, the construction stopped at a height of about 2.4 meters. So in this course,
it is planned to continue the construction of the walls to the height of 3 meters.

Besides, a wooden structure independent from the rammed earth walls will support the roof. So the
linking structure of the wooden frame, the windows and door with the rammed earth walls will be
paid attention to. The lab will be used after the completion of construction, so water draining, thermal
insulation, ventilation and so on have to be well done.

3.4.2 Arrangement of the course

From the previous teaching experience, this course has to be prepared one month earlier. Firstly,
produce the architectural working drawing according to Prof. Wang Shu’s design and prepare
materials, tools and construction staff based on the design.

In consideration of the still existed problems such as the distributed time and too many students, the
focus of the course puts on the lab teaching of rammed earth. The construction on site will be mainly
conducted by the workers and assisted by the students, except for the part of ramming earth that will
be conducted by the students. Therefore, the main task of the students is to experience construction
and increase ramming skills through a series of experimental wall constructions in the lab. Theory
lectures and test operations will be intervened to further increase knowledge and skills on rammed
earth. Besides, the students will acquire the material linking structure and construction technology
relative with rammed earth by constructions on site and practice their skills. Such arrangement will
ensure the construction conducted by the workers won’t stop time to time and will finish on time so

EIZREZRAE, A F1K; & REMIERAKE®R
Renderings of the metalworking lab, Left: Rammed earth walls; Right: Wooden structure supporting the roof made of polycarbonate sheet
(designed by Wang Shu, sketched by Chen Lichao), 06/2012
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3 TEACHING ON RAMMED EARTH

that the students will keep the pace with the construction process within the time of the course. From
studying, observation and practice, the students will comprehend aspects of construction and leave
enough time for the learning of rammed earth systematically. Thus, the teaching process is divided
into five steps:

Step 1, introduction to rammed earth construction

The students will get to know briefly the earth architecture and rammed earth construction by
lectures and field trip to the ramming site; they will also be required to design the rammed earth
production line on the site of the metalworking lab.

Step 2, elementary rammed earth construction

Besides rammed earth construction on site, the students will do experimental construction of the
rammed earth wall in the lab. There are three such walls, using pure earth, earth and gravel with
a proportion of 3:1, and earth, sand and gravel with a proportion of 3:2:1 respectively. Traditional
wooden formwork and wooden rammer will be used for the ramming.

The construction of these experimental walls on the one hand will solve the problem that there are
too many students to work at the same time on site; on the other hand through such construction,
the students will have the opportunity to experience the traditional ramming technology and observe
how the different material proportions effect the quality of the walls.

Step 3, to prove the rammed earth technology and its principle by testing

The series technical problems encountered in step two will be understood and solved in this step
through comparison tests. This step will be consisted of three testing operations: 1) granular
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3 TEACHING ON RAMMED EARTH

proportion comparison test that the same volume earth mixture with different granular proportions
shall be rammed in models of 20cm X 20cm X 20cm to observe the influence of proportions to the
degree of compaction by comparing the volume change; 2) proctor compaction comparison test
that the same earth mixture with different water content shall be hit by the standard proctor tool
respectively to realize the largest weight of the tested blocks to understand the concept of optimal
water content; 3) layered compaction comparison test that the same earth mixture with the same
water content shall be rammed in models of 10cm X 10cm X 20cm with different layers to observe the
compaction effect by comparing the weight of the tested blocks.

The three tests above have been chosen from the perspective of rammed earth construction
technology. Strictly speaking, they are not material analysis tests. Besides, the choice is also made
based on the characteristics that the CAA students are better at doing than at serious test and
analysis. Through these simplified test operations, the students will be able to observe intuitively so
that they can understand the principles and key points of the critical technology in rammed earth
construction, namely, the correct proportion, suitable water content and layered ramming.

Based on the self-making tests and with theory lectures and demonstration, the students will further
understand earth materials property and rammed earth technology.

Step 4, rammed earth construction once more

Based on the understanding of rammed earth technology and principles, the students will be required
to do another experimental ramming construction of high quality in correct ways, with correct
proportional earth, new formwork and pneumatic rammer. With guarantee of the quality of the walls,
attempts and creations of the form, surface color and texture could be implemented according to the
site.

After the two times construction of the experimental walls, the students will acquire conceptual
knowledge from the perceptual experience of the rammed earth construction and will be able to
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Completed experimental wall 1: the students had a lot of lesson and experience during the construction process, 06/2012
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3 TEACHING ON RAMMED EARTH

recreate with the acknowledgement of the technical principles. With the simultaneous construction
metalworking lab, the students will know the complete application of rammed earth in architecture.

Step 5, conclusion of the construction

For the final step, the students are required to make a catalogue with the records of every step and
the conclusion for the course. Besides all the contents of the previous steps, the catalogue will also
include records of the construction process of the metalworking lab and problems accumulated from
the process.

It has to be pointed out that the course will be progressed with group divisions of the students.
Every step will be done by the students as groups. Especially for the construction and testing steps,
every group of students has to stagger time, or shift sites and projects. Fortunately, the students will
finish their final examinations of the other courses by the end of the first week of this course, which
means from the second week, they can assign their time freely for the time-consuming tasks such as
construction and testing besides the participation of the course every Monday, Wednesday and Friday
afternoons. This will to a large extent complement the shortage and uncontinuity of time so that the
teaching plan will be better implemented.

3.4.3 Effect and experience

From the feedback from the students of the two previous courses, the students were mostly
unsatisfied with the incompletion of the construction plan, which means they hadn’t got enough
opportunities to practice and didn’t experience the final result. Besides, in order to complete the
construction task, the students didn’t learn systematically as an individual, which was the point of the
students are dissatisfied with.

How to organize a construction course of more than 60 students under the course arrangement
framework of CAA(the construction course for the firs-year students in our department is restricted
by the time schedule of the other parallel courses, so no adjustment can be made) to achieve the
supposed teaching effect is really challenging. Therefore, the key points of this course have been
adjusted, focusing more on the integrity and completeness of the course, that is, besides the theory

REGE ZNK, £ FANEMHASTEREMLERE; £ L F—A5 R 0B AE L LA IR 69 X4
Third phase of the course, Left: Students were doing comparison tests in Material Analysis Laboratory; Right: One testing sample of the granular
proportion comparison test with high quality, 13/06/2012
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3 TEACHING ON RAMMED EARTH

lectures, every student could truly and systematically participate the testing and construction in the
condition of limited time and resources and join in the real construction site to complete the work. It
is only when the students understand earth architecture and rammed earth construction completely
that it is possible to reflect the true value of the course in their future professional study and working.

The course hasn’t finished by the time the thesis is completed. But from the just finished experimental
wall 1— initial experiment on rammed earth construction— the supposed result has been perfectly
achieved. The students have explored and practiced the traditional rammed earth technology
during the past seven days. From the ramming process of every team and in the summary and
communication class, the students have been inspired greatly by failures they had experienced during
the construction process and they have got the ability of problem solving, too. These will be helpful
for the later teaching.

As for the construction for the rammed earth walls of the metalworking lab, the students who have
already obtained certain ramming skills will surely play a greater role in the following course and
achieve their learning purpose in practice.

Based on the establishment and development of SCL, rammed earth or even earth construction
courses will definitely became the increasingly important element in the construction curriculum
system. Some experience have been gained from the above three courses that will be helpful for the
future development of such courses. Of course, as a construction course, it is necessary to consider
how to connect it with the other courses such as other types of construction courses, design courses,
courses of folk houses survey and theory lectures when it is improving itself so that the learning of
earth architecture will not be restricted in this kind of courses but rather the students are capable of
further learning, apply the knowledge and skills in practices and gain more possibilities for their future
development.
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4 Investigations on the current condition of earth architecture in China

From the preparation of the lab in 2009 till now, besides teaching, | have also participated several
programs on earth, such as field survey of earth folk houses, workshops in Shanxi and Gansu provinces
and the project of “Tiles Hill” in CAA, etc. In this process, | have contacted with residents, craftsmen,
architects, experts and scholars, investors and government officials of diverse areas who gathered
together because of earth architecture. | have exchanged views on earth architecture in nowadays
China and for the future with them, which has inspired us for our future work on earth architecture
we are dedicating with.From the survey, we can expect the optimistic prospect of the application of
earth on architecture from perspectives of the future architects. But for now, we should be aware of
the reality China faces at. Reflection on the problems and experience gained from the establishment
of SCL and the rammed earth teaching, it is not difficult to conclude that the problems are not the
ones of a school or a course but rather the problems of the earth architecture faces in China.

4.1 Survey of the earth folk houses

In March and November 2010, as teacher of the folk houses survey courses, | took the team of
students to Guodong village of Zhejiang province and Tulou in Yongding county of Fujian province
to do field survey. In Guodong, the students made questionnaire survey on the local residents to
acknowledge the using condition of the rammed earth folk houses. According to the interviews of
the residents, it shows that most of them agree that the earth houses are more comfortable inside of
which it is warm in winter and cool in summer. But they were abandoned by the modern life because
of bad repair and lack of modern facilities. The residents also believe that earth houses represent
poverty. It is clear that even in the past, the houses with the exposure of earth on the surface were
for the poor. The rich chose to live in the houses with the surface covered with other materials. The
reality is, people will build new houses with cement and cooked bricks as soon as they have money
instead of repairing the old earth houses. On the one hand, it is because of lack of earth construction
and repairing technologies and on the other hand for deeper reason is because people want to show

their “wealth”.

FRRA, &4 d XL, T
Guodong, Wuyi, Jinhua, Zhejiang, 03/2010 (photography: He Jiangang)
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In fact, the phenomenon is common. Even as the UNESCO culture heritage, Fujian Tulou were once
surrounded by crude houses built with cement and cooked bricks, which had been dismantled
largely while Tulou was applying for the UNESCO culture heritage. The success of the application
has unquestionably brought opportunities, enabled the preservation and protection of more
earth buildings and stimulated the development of tourism that would bring more commercial
opportunities. But a coin has two sides. Besides economic profits, the fast speed of tourism
development often has to sacrifice the continuity of essential culture and tradition. With the reduction
and move-away of population, the prosperous family living in Tulou is replaced by tourists coming and
going through. Now, the relatively good preserved Tulou houses though are still accommodating the
original residents, their two other main purposes are for tourism and hotel accommodation.

Objectively, the tourism is necessary for the local development. This commercial transformation of
the functions of Tulou shouldn’t been seen statistically. After its functions of defense and gathering
habitation have lost nowadays, as a way of existence and development, tourism and tourist
accommodation are not a bad option. But such tourism development should be well purposed and
planned. As a matter of fact, the earth houses listed in the heritage are being so protected that almost
losing their daily life atmosphere; while the earth houses in which people are living are losing their
tradition and culture accumulation of daily life because of disability to be reserved correctly.

It is worth mentioning that last October there was an International Workshop on Rammed Earth
Materials and Sustainable Structures & Hakka Tulou Forum 2011: Structures of Sustainability in
Xiamen University. Its aim was to reveal the scientific and engineering value of Tulou and explore its
enlightenment to the modern sustainable architecture, making it clear the future scientific research
direction and content of Tulou. Yet, the researches on Tulou have been focused mainly on its historic
evolvement and spatial pattern; researches on rammed earth technology have been restricted
in traditional technical records and summary. Therefore, the discussions on the conference were

supposed to promote expectation of the scientific researches and development on Tulou. However,

ki RBAKBGTILA; & —HERMHEENE, ZEAATRELE, AETARLE, A
Left: Merchandise street inside Chenggqi Tulou; Right: Interior of a common Tulou, which had been repaired and reconstructed by the owner, Yongding,
Longyan, Fujian, 11/2010
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on the site, Macha, Baiyin, Gansu, 08/2011
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according to Marc Auzet, who attended the conference as representative from CRATerre, it was a
disappointing conference. As for materials, the international experts talked about how to reinforce
the strength of rammed earth with cement; as for development, including the collaborative research
program of Tulou proposed by the international network between China, USA, Canada, Britain, Japan
and Australia, was more like a larger commercial development project.

China has abundant resource of earth folk houses, but people have not realized the historical
and cultural significance, not to mention the intention of protection. Though the economic value
of tourism has impelled people to realize the meaning of earth folk houses, it is difficult to deal
with the relationship between protection and development & use. Sometimes, we have to face
the “developmental” destruction. Additional to the conceptual ignorance, we also lack of correct
development concept and technical support. That’s why when our team arrived in Shanxiabao village
near Guodong, we were deeply impressed by the undeveloped condition with complete preservation
of the original status and were relived. But, for such a poor, almost abandoned traditional village,
where is its future?

4.2 Survey of rammed earth workshop

In August last year, there was an “Earth Construction” experimental workshop in Macha village,
Huining county of Gansu province. The purpose was to do construction experiment for the modern
rammed earth country houses. The volunteers from universities built with the local villagers together.
The whole process was in fact a promotion and training for the local residents about rammed earth
construction. At the beginning, the villagers were doubt on the new methods (such as material
proportion, modern tools) of rammed earth or even refused them. When constructed on the site with
both new and old methods, the local traditional rafter formwork took superior on the construction
speed, but the earth wall with no proportion had lower quality. From this process, the villagers
could accept the improved material proportion, but they didn’t feel it necessary to use the modern
formwork and pneumatic rammer.

Indeed, in such a remote and poor area, earth is still an important way to build houses there. So
the traditional technology has been used till now. The villagers build earth houses by themselves
for the sake of low cost. Local materials, ready tools and help from relatives and friends—even with
no cost for the labor. They really don’t have the condition for extra tools and facilities for ramming.
Therefore, in order to improve the quality of the rammed earth village houses, the improved
proportional earth material and optimized structure measure might be the first option to promote.
And the modernization of tools and facilities should be applied accordingly. In fact, based on the
rammed earth village house project, Wu Zhi Qiao (Bridge to China) Charitable Foundation, as the
initiator of this workshop has compiled together with Department of Village Construction, Ministry
of Housing and Urban-Rural Development of China a book Anti-Seismic Rammed Earth Village House
DIY Construction Manual. The book introduces the construction process of self-built rammed earth
village houses and the quality controlling requirement with texts and illustrations, which is easy to
understand. But unfortunately, such a practical illustration book for farmers and craftsmen has not yet
been widely spread in villages and played its role there.

In October 2010, the renovation project of the wall of Xi’'ningbao fortress of Liang village, Pingyao
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down; Right: Repaired wall (photography: Sun Xiangwu), Liangcun, Pingyao, Shanxi, 10/2010
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County, Shangxi province was an experimental project of preservation of the fortress walls of
traditional rammed earth. The local villagers used traditional methods to do it. On the one hand was
to show the traditional rammed earth technology and on the other hand was to promote the value of
traditional buildings and the possibilities of protection. The earth for local ramming was pure earth,
but was easy to be eroded. Then with the proposal of a professor from Tongji University, lime was
added in the repair process in order to improve the waterproof and intensity. Besides earth, other
local traditional ways of ramming earth was used, such as rafter formwork, stone rammer and “wo”
( a kind of bigger rammer made of stone or iron and need to be operated by four workers). Since the
wall was thick, road compactor was used when the working situation allowed. For the repair of the
wall, the local people tended to use some radical methods, which was in conflict with the reserved
methods of the teachers and students from Chaillot school of Paris. So there had been severe debate
during the construction process.

As a collaborative course between Tongji University and Chaillot school of Paris on historic
preservation, the workshop was not only an experimental project but an initial point for the
infrastructure of the tourism development in Xi’'ningbao Fortress to the local government. As a
renovation project that required for economic efficiency, the purpose of the local government was to
finish it effectively with high quality. The historic value of the fortress was neglected, because for the
local people, the renovation project was just another large scale repairing after the wall was built over
a hundred years. Therefore, they had their own working methods and experience. While the experts
and scholars from France and US took the fortress wall as an object for academic researches and
practice. They paid more attention to the historic value of preserving the wall and the demonstrative
significance of the renovation project. The two completely different value orientations led to different
ways to deal with the problems.

From these two workshops in the countryside, the local rammed earth technology still has its mass
basis. Though the preservation and inherit of the traditional technology is not derived from their

e =N
gy ¥ o - 5 ' 1 %) - y
IAMAESL IR ERGFATE, £ B4 b1 &l £ BEESEN, EH, FiEE LH
Ramming tools used by the local workers in the renovation project, Left: Stone rammer; Middle: Iron rammer iron used by four people; Right: Road
compactor, Liangcun, Pingyao, Shanxi, 10/2010
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CKELET HEIY, RIHAFE LEHEZAG S
Building site of "Tiles Hills" project, the completed rammed earth wall on the bottom was coverd to protect aginst rain, 05/2012
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4 INVESTIGATIONS ON THE CURRENT CONDITION OF EARTH ARCHITECTURE IN CHINA

treasuring of it, but rather a kind of living skill under the economic restriction. Nevertheless, this
has provided us good foundation for the work of preservation and newly construction of earth folk
houses. It has been noticed that the experimental projects in workshops might be idealistic in order
to achieve the aim of promotion and education. But taking into consideration the practical operation,
we need to explore easier method that the craftsmen and users are able to accept. Sometimes, this
means that the professional practitioners has to compromise in order to make the contemporary
earth construction feasible in the villages.

4.3 Survey of rammed earth projects

The experiment for the “Tiles Hill” project designed by Prof. Wang Shu started from September
last year and the construction started from April this year. Since the earth was excavated from the
construction site, it required not only to be mixed with sand and gravel, but also to be smashed
first. There were many procedures of earth preparation and the cost was high. Therefore, in the
experiment phase, the workers didn’t follow the planned construction procedure strictly. The person
in charge of the construction also tried to simplified the procedures and reduce the material. What'’s
more, since many workers had built rammed earth houses in the countryside, they often operated
according to their former experience at will. All of these finally led to the low quality of the rammed
earth in the experiment.

In order to ensure the construction quality, the client decided to adjust the commission of the
rammed earth part of the project. Fortunately, the new person in charge of the construction, Engineer
Ni, is not a person restricted in conventions and easy to communicate with. Nevertheless, he was also
a sort of suspicious with the procedures of the construction at the beginning; he always tried to find
options to simplify in order to be more efficient and cut the cost. For example, he had produced a
sieving machine to replace the smashing machine, which turned to be infeasible. Finally, he believed
completely in the modern rammed earth technology proposed by the lab after many attempts,
several times of explanations by the staff of the lab and witnessed the tests himself. As a result,
he strictly asked the workers to follow the construction procedures. To our relief, the construction
quality will be ensured given that the person in charge understands and believes in modern rammed
earth technology and takes the responsibility. But during the process, the client didn’t think that the
rammed earth surface could be used as the interior surface of the rooms, the plan for the rammed
earth walls were revised. The new plan was that the interior part of the walls would be 240mm thick
cooked bricks and the rammed earth part would be only 360 mm thick. Considering the danger that
would be caused by this new plan, the lab proposed to demolish the brick walls and returned to the

original design; and the wall surface could be treated to avoid grains falling.

JERATILYILE A& L, FEERAZRRE
Site of preparation of the earth for the "Tiles Hills" project, which is hundreds of meters away from the building site, CAA campus, 05/2012
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Top: Tea House of the Five Scattered Houses, architect: Wang Shu, Ningbo, Zhejiang
Bottom: Maosi Ecological Demonstration Primary School, architects: Edward Ng Yan-yung, Mu Jun, Maosi, Gansu (photography: Mu Jun)
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4 INVESTIGATIONS ON THE CURRENT CONDITION OF EARTH ARCHITECTURE IN CHINA

From the rammed earth experiment to the construction on site, a series of problems encountered,
Prof. Wang Shu kept confident with the rammed earth construction. He expressed his opinions
about the current status and development of rammed earth in China from two perspectives, concept
and technology. From his three times experience of projects with rammed earth, people’s attitude
toward rammed earth has changed from non-acceptance from the first rammed earth sculpture,
and then acceptance with the walls for the Tea House project in the Ningbo park, to finally more
acceptance with the rammed earth walls for buildings like a hotel in the “Tiles Hill” project but
still being suspicious of the feasibility of rammed earth wall as the interior wall. It is evitable that
people’s concept has increasingly changed, though they need more time to truly and completely
accept this. Prof. Wang Shu believes that as long as the technology can be improved gradually, with
the proceeding of earth buildings in contemporary society, people’s concept will definitely change.
Though there are still many problems, but he insists that he would continue to try more rammed
earth construction and is looking forward to deeper collaboration with CRATerre.

With his reputation in the architecture area by now, Prof. Wang Shu has absolutely more
opportunities to realize his ideas about earth architecture. So far in China, earth houses are only built
in the remote countryside for the reason of poverty. New buildings of such kind are very few, the well-
known projects, such as Maosi Ecological Demonstration Primary School, Gansu province, designed by
Prof. Mu Jun, Split House located in the Commune by the Great Wall designed by Prof. Zhang Yonghe,
and in the folk, Anji Ecological Houses designed by environmentalist Ren Weizhong in Anji, Zhejiang
province.

HEPHEEALASE, £: 1 5H5EN; AL 355, AT A55F255, INTEEE, #Hix
Anji Ecological Houses designed and constructed by Ren Weizhong, Left: Interior of House 1; Top right: House 3; Bottom right: House 4 and House 2,
Anji, Huzhou, Zhejiang, 04/2008
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4 INVESTIGATIONS ON THE CURRENT CONDITION OF EARTH ARCHITECTURE IN CHINA

In 2008, when the Maosi ecological primary school was awarded the best architectural prize of
China Architecture Media Award, the Anji ecological houses project was nominee of the same prize.
The construction of the ecological houses project in Anji was Ren Weizhong’s personal behavior.
The purpose was to promote the application of ecological materials including rammed earth in
the villages, Reduce the farmer’s burden of building and keep the features of countryside. As non-
architectural professional person, he invested personally five experimental ecological houses and did
active attempts and explorations on the wood and earth materials and structure of the village house
construction as well as the functional space of the current folk houses. At the same time, he made
a specific developing plan for the promotion of ecological houses. However, personal power is too
limited, especially with the policy of “construction materials for the countryside” in 2010, it seemed
that the farmers have gained profit from the usage of concrete and steel for their houses, but the
country houses have been driven further away from the local construction. It could be anticipated
that this policy will bring negative influence to the promotion of Anji ecological houses project.

Therefore, though the earth folk houses in China have a long history and the resources are wide
spreading, the modern earth buildings are seldom seen. With exception of these renowned projects,
whether the common developers or government officials could accept and promote the application
of earth architecture in the new projects or renovation projects in the cities or villages will greatly
influence the development of earth architecture in China.

EERELHNRITARAEL 0N

To collect designs of farmers clubs and propagandize itin the local area

—ERELBRT - ERHE
To build an environmental community in the local area in two years' time

SERNEPENR-+4SHIEE
To build twenty rural studios in China in three years' time

HEOEATHNGORB -+ R ERHR
To help NGOs in other cities build twenty model buildings

ZEESEAEERLLEAR, L ALRAHERNTERARRRSE, 2T 25ERNERDSHRITP, aHRESEASEERR, £T:
4RI AR

Construction and develpment plan of Anji Ecological Houses, Top: Earth also used for the roof and wooden frame wall; Bottom left: Village assembly was
held in Ecological House to introduce the ecological construction to the villagers; Bottom right: Development and promotion plan of Ecological Houses
made by Ren Weizhong (images and drawings provided by Ren Weizhong)
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5 CONCLUSION

5 Conclusion

From the teaching course, we can see the active learning enthusiasm of students, which reflects
the optimistic prospect of the application of earth on architecture from perspectives of these future
architects. But for now, we should be aware of the reality that China faces at. From the problems and
experiences from the work of earth mentioned above, it is not difficult to conclude that they are not
problems a school or a project faces, but rather the problems of the earth architecture faces in China.

5.1 Development direction of contemporary earth architecture in China

In fact, all areas of China are promoting the sustainable development strategy in recent years and
encourage the development of cultural industry; the preservation and development of traditional
culture is attached great importance. Therefore, the sustainability of earth material and the long
history of earth construction will be the best reason for the returning of earth architecture. Now, the
worst needed is information and technology.

In the foreign countries, modern and scientific earth architecture researches have been undergoing
for almost forty years. Successful projects spread all over the continents. But the architectural industry
of China doesn’t know about this, not to mention people outside of the field or the common people.
We didn’t know that buildings could be solid, comfortable, modern by being constructed with earth,
that the old earth houses could be renovated and protected so well that they don’t always present
those “extremely outdated” and terribly ruined appearance; what’s more, they are not just for the
poor. It is said that people are prejudice to the earth buildings; that is true. Since there is no enough
information, most people have never seen earth buildings that match the modern aesthetics.

Then let’s talk about technology. Most of the traditional earth folk houses are tumbledown but can
still exist until now, which means the technology at that time was particular. In order to ensure the
quality of the earth wall, it cost much time and work in construction. Observing the traditional earth
houses around China, as long as it was possible, the exterior of house would be covered with lime
mortar or gray bricks in order to protect the walls as well as for aesthetic reason. Those measures
were exactly based on the acknowledgement of the defect of earth material. They were right. When
the glory faded, the earth houses without preservation had become dangerous ones. So when cooked
bricks, cement, concrete emerged as stable, durable and easy construction material, they became the
first choice of people. Even now, middle aged villagers have seen or even built earth houses (mainly
rammed earth, which they call it “hit earth wall”) themselves. In a different age, the method “hit

III

earth wall” is only used by “the poor”. It is considered to be a very simple and direct construction
skill instead of some high tech in the countryside. What’ s more, it has lost the particular and delicate
part in the traditional construction; it is rather a cheap, low tech solution to build a house for those
who have no money. The problem is we have no idea that the earth construction has been developed
into a professional applied engineering technology, obtaining complete systematic theory on
material property and construction technology. Now, earth construction has its theoretical basis; the
construction quality is controllable and the building quality is ensured. In a word, the technology is no

longer a problem.

It is imaginable that with seeing the modern and beautiful earth buildings as well as the feasible
and reliable technology, people will change their inherit ideas toward earth architecture. Taking

THESIS OF DSA-TERRE 2010-2012 83



5 %i8
LAVAI R TREEOR, Hag T os R RMERERTE BRI RS HE . A= L M A Hlaal 4,
Jts TR LA, SR AT LARIIE . —f3%, BORA R [

PRI R A, S DL B OBER I A R, SCRRTEER AT I EOR AT, AT A £
RATEAA RSBk AR . PRI SR M i A4 L Fr B Yl R 2e 0, R AR i sk 3k
RISt AR ERIP AL AR AR AATINE, EEA Talaetk. BLit, 7B
BUE BB ERE , BBy, MiZEER, RMEFIMEI#HTIER, NS,
S EAR

SR, AR R AR RIGE R TR —0lley, RIS 2 TR, MRS
P KRB E R SO H b MIZITH SRRIHG, TR S M s SO (o I H B A&
WD E. MERAET, XDIHLFRS T A LSRR, DAl REe g4+
PO A AR T H A SCHRTe PR B e B/ N R AR . i S IR TETTHI 2 1K
Wi, AR AR LA B A EZ 0T H DI R, EBUS PR Y A, IABUS T R4
Wkt s, WATBIT " A, 24022 R0 eSS BINEL Bk
EARAE, ME TR R AR b A S AT IS TS B R A A (e X SE 4 ] ABRARAY, I
HIBE AR A G, D5 AT AT R gi. MAEBUNZE, SHABUNE RAfm 8
PARESCAC I AR A A B s TR, B MAERR DX AR AT, 1ORE 2 — R A R AT SE gk

W H AR, wT DUE B AR IR O SE R RN R B E A2 it 4 TR E A2
MES o QRO BUR B R H 8008 Fr BA R I, AR 2 xS TAege i L RIE RO, AEHN
KB R T IR A AR e e [FIFRRAE KB, KR by S 30 AR B R4 & T H

KBRMELRE, KEFTHREHR =h
Earth folk houses in Dacheng village, Wase town, Dali, Yunnan, 03/2012
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into consideration of the above mentioned sustainability of earth and the cultural tradition of earth
construction, it is not only urgent but also possible for the protection and development of earth
construction in China. At this time, as mastering with these information and technology, the first
obligation is to promote with real examples and ability to change the concept and spread technology.

Fortunately, | had such an opportunity at the end of last year to prove this is feasible. It was a project
of an international cultural city of Dali in Yunnan province. Sustainable construction and local culture
was positioned as the core value of the general planning for the project. It was unusual that the
project was almost qualified with all the elements for using earth—the local features of the traditional
earth houses around the city of Dali, the cultural and tourism characteristics of the project, small scale
of buildings with high density. | had communicated with the investors for many times and they agreed
highly that earth buildings could be the initial point for the project, which would be environmentally
beneficial and socially influential as well as efficiently promotive to the product. In a word, it would
achieve multiple objectives at one time. The clients had accepted the ideas and believed in the
technology. The only doubt was problems during operation such as the cost and time consuming for
earth construction. It was reasonable. The investors of the project are not charity organizations. They
had to consider the cost and time efficiency. While the local government and the officials hoped that
this cultural project would be a model project for earth construction and could be further promoted
in the whole area. This will be good for the country and the people.

From the latest progress of the project, it can be said that it is not difficult to persuade people to
accept newly built earth buildings with real successful examples. If this is the government officials’ and
investors’ foresight on earth buildings, is it acceptable for the users of common people to preserve the
traditional earth houses? Also in Dali, in the preservation and development project of the historic and
cultural village Dacheng in Dali, with our active promotion, we advised the local government to invite
CRATerre to join the project to support technically in order to facilitate the effective protection and
active renovation of the local earth folk houses resources instead of simply massive demolishment
and construction to produce fake products of bad quality. The local government apparently showed

ENAYELRE, X2, =@
Earth folk houses in Xizhou town, Dali, Yunnan, 03/2012
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Old architectures in Dacheng, Left: Rammed earth walls being dismantled; Right: Repaired wooden structure of Wenchang Temple by covering the
inferior veneer overlay by the local villagers, Dali, Yunnan, 03/2012
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interest in doing so. But it needs efforts from various aspects before it could be implemented.

It is not difficult to see that in China earth architectural project has its prospect of development, no
matter in preservation projects or newly built projects. But we also have to see the way leading to
the prospect is full of obstacles. Taking the example of Prof. Wang Shu’s “Tiles Hill” rammed earth
project, though he firmly believes the modern rammed earth technology provided by CRATerre and
have told the construction corps that they had to follow the guidance of SCL on the technology, during
the construction process, there often appeared all kinds of queries not only from the construction
corps but also even from the investor of the project, the administrative office for the infrastructure,
CAA. The queries were mainly focused on two aspects: one was the complicated operation process
of rammed earth, which costs too much; the other was the rough surface of the interior walls of the
hotel, which required to be dealt with. For the first point, since the result of the experimental walls
for comparison was very clear, so it was privileged on quality. For the second point, Prof. Wang Shu
had also compromised that the interior walls changed into brick walls, but finally he accepted the
proposals of the lab to demolish the already laid brick walls for the sake of safety. In the experiment
and construction phase of the project, conflicts of new technical ideas with old traditional ideas had
brought people to see the difficulty of promoting a new technology and the distance between reality
and ideal. But fortunately, though there were unexpected conditions during the process, but finally it
was oriented to a good direction. The construction team and the investor are willing to sum up their
experience during the ramming process, compromised each other, tried to be creative and made great
efforts for the realization of such a huge and complicated rammed earth project with good quality.

So far, a small part of the rammed earth walls have been completed. The construction team has also
finished preliminary exploration for the site ramming. But it has to be mentioned that the cost of the
ramming project is far more than the budget. Inevitably people will doubt one of the advantages of
the application of earth—low cost. But taking into account the specialty of the project and as the first
attempt of large scale project with rammed earth walls, experiment has to pay. We believe that as
the more regular and standard the construction is, the less the cost will. In fact, according to the data
from Engineer Ni who is in charge, the cost of rammed earth has been reduced to about 1800 RMB/
m’ (the cost of reinforced concrete is 800-900 RMB/m? ) after two months construction on site.

From the above plan or implementation of earth projects, it can be concluded that when the
technology for earth construction is not longer a problem, the increasing of building cost caused by
the requirement of technical quality and higher labor cost will be the restrictions for its popularization
and development. The reason for this is because earth construction in China is still a project of
minority. Compared with its development in countries like France, what we need to learn from them is
to establish an industrial chain for the earth architecture, including companies for material processing,
professional construction companies, education and training institutes for earth architecture, earth
architecture associations and so on. They will run independently but support each other. With such an
industrial chain, massive scale effect will be formed, and the earth construction will increasingly been
involved into the modern industrial construction system; the cost will be reduced, and that will help
to promote the sustainable development of earth architecture.

It has to admit that the formation of such an industrial chain will not be achieved in a sudden. It
has to be based on the development needs and phases. As far as | know, in France, CRATerre was
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Left: Students were learning to make a window hole in the old rammed earth wall and rapair technique in the earth training course hosted by CARACOL;
Right: Workshop of CARACOL, Grenoble, 03/2011
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5 CONCLUSION

established in the 1970s as the forerunner on earth architecture researches and practices. The DSA
program, based on theory and practice researches, started in the 1980s. The yearly international
earth festival was initiated in 2000 as a platform for the academic exchange between professionals,
professional teaching and universal education. It is because of the professional education provided by
CRATerre, professionals of earth architecture have been trained one year after another. One of them
established the AKTERRE company especially for the processing, production and sales of materials
for earth construction, providing products of various earth for ramming and clay, as well as additives
such as gravel, sand, straw etc. Besides, there are some small companies producing components
made of earth, such as extruding earth bricks, thermal insulation earth and straw bricks etc. At
the same time, with increasingly more demands from the renovation or new projects of the local
countryside houses, construction companies specially for earth buildings have emerged, among which
CARACOL is a famous earth construction company in France. It has expanded its business to field of
earth construction training. Every year they will organize different training programs or lectures for
the public. These companies have also set up an association of earth architecture ASTERRE, which
hosts conferences regularly in order to acknowledge the latest situations of the industry, exchange
engineering technologies and facilitate development.

We can see that after almost forty-year development, the earth architectural industrial in France has
taken its shape from the professional construction, professional factories of the engineering aspect
to the professional labs of the research aspect and then to the professional educational institutes of
the education aspect and the various international exhibitions, forums and exchange events of the
promotion aspect. These aspects have covered all areas of earth construction. Even so, it has to be
noted that it doesn’t mean the earth architecture is in prosperous development in France. In fact
earth construction in France is still a minor industry. There is still distance between the application
and the ideal objective. It has to be improved technically and popularized.

No doubt that the researches and practical experience of the foreign counties have provided
references and directions for the development of the earth architecture in China. Though it is possible
to reduce the time for exploration on this basis, the earth architecture as an applied profession
has to take its way step by step. In China, not to mention objective of the industrialization and
commercialization of earth construction, the concrete construction by now has not reached to the
level of the industrialization as the foreign countries. Taking the rammed earth technology as example,
the efficiency of installing the formwork and uninstalling it and the strength of the formwork system
will greatly influence the cost and quality of ramming. The concrete industrial formwork used by the
foreign courtiers in ramming is not common in the concrete construction in China. The formworks
used in China are largely consuming ones. Then taking the rammed earth material as example,
the earth construction advocates using local materials. But when the local earth is not suitable
for ramming, technologies such as excavation (drying), proportion, mixture are required. More
procedures there are, more cost for labor. A large area of site for working and storage is also required.
In fact, these were the main two reasons for the lagging behind of the construction process and large
cost at the initial phase of the “Tiles Hill” project. Because of the lack of stable earth resources, in the
teaching process, it was common to encounter situations like no earth to use or no different earth
enough to compare for teaching.
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5 CONCLUSION

To conclude, | think the development of contemporary earth architecture in China could take the
experience of the other countries such as France as reference. The earth architectural industrial chain
has to be established increasingly in order to realize the industrialization, commercialization and
popularization of the application so that the architectural industry would be developed sustainably.
The first step for this must start from the establishment of model project, exchange and promotion of
information and technology. Prof. Wang Shu has taken the first step through his design of real projects
and establishing the teaching system of the school. We are looking forward to more people joining
into this profession and taking quicker steps in order to make the earth architecture get its supposed
position soon.

5.2 The plan on earth architecture for the future

As stated above, there is great potential for the development of earth architecture in China. As
the first Chinese student who receive education in CRATerre, | can feel my responsibility for this.
Fortunately, as a teacher of architecture and architect, | have many opportunities to work on earth
in many aspects. Besides continuing my teaching and other relative tasks, | also hope that | can
take the advantages of my study resources in France, introduce the status of the international earth
architecture development by writing papers. | also hope that | would have the honor to translate
the English version of Earth Construction written by Hugo Houben and Hubert Guillaud into Chinese
in order to let more professionals and the common public know about earth architecture. These
are what | can do personally as a promotion. At the same time, | hope | will have the opportunity to
facilitate the realization of earth building projects, such as the undergoing projects of the historic and
cultural village Dacheng in Dali and international cultural city of Dali. In additional to my professional
technical support as architect, | also hope that it is possible to make it successful the collaboration
between the local government and international institutes as CRATerre. It is not only for promoting
the professional quality of the projects, but also will be significantly and widely influential to the
preservation of the local folk earth houses and newly built projects, which will be models and
instructions for such kind of buildings.

With limited capabilities, | hope, through my teaching and other relative work, | am able to make
more people know about earth architecture, support it, join in it. | sincerely hope that | will have
opportunities in the future to learn from CRATerre in other ways in order to make contributions to the
earth profession in China.
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Appendix
Attached Table 1: Process table for rammed earth course 1 (31/05-02/07/2010)

APPENDIX

Time Unit Teaching Content Notes
31/05/2010- | 1. Lecture: A brief introduction to ramming | Field investigation of
04/06/2010 | 2. Survey on rammed earth construction and technology Wugong hill,

Structural design for the construction of the rammed earth wall Dajingxiang Lane,
[ | Zhongshan Road
05/06/2010- | 1. Collection of the earth samples and additive materials '
09/06/2010 |. Sample:
Every group is required to collect ten different earth samples within the urban area of . Three groups and
Hangzhou. The earth must be feasible for ramming and convenient to collect and transport. | six sub-divided teams,
Presentation for the collected samples: collaborate together
(1) Identical standard of containers: plastic square plate with the size around| . Presentations and
20x30x5cm, with a lid, convenient to take around. communications during
(2) Identical standard of labels: adhesive label, about 1 ¢cm high and 7-8 ¢cm long. every phase
(3) Identical standard of records: where, when and who has done the collection(with
photos)
« Diagram for the locations of the samples:
Number the location where the sample is collected on the map
e.g. A-1, A-2, -, A-10 (attached with a table for the collection location with sample
photos)
« Additive materials:
e.g. wheat straw, bamboo reinforcement, etc. collected in the same kind of square plate,
every group has to submit three types
2. preparation of the rammed earth tools
formwork, rammer, shovel, basket etc.
3. The final ramming proposal
Every team is supposed to choose a proposal and then every two teams to choose the
final one.
4, Making a plan for the work division
Earth collection, mixing, ramming, tool keeping and recording and the construction plan |
| 10/06/2010- | 1. Earth collection . Three groups and
16/06/2010 Collect the earth according to the amount of earth and kind of earth required in the| six sub-divided teams,
construction; take measures for the rain-proof. collaborate together
2. Construction of the wall foundation « Presentations and
Cast-on-site high steel and concrete foundation of 25 cm height communications during
3. Sample test every phase
Making the formwork. Every group is to do a rammed earth test with20 cm? earth cube
according to the construction proposal. The proposal has to be adjusted according to the test|
results. |
17/06/2010- | 1. Earth ramming « According to the
29/06/2010 Requirement of the size: length xwidthxheight=3mx0.35mx2.7m condition, the proposal

Every group has to collaborate together to finish the construction of the wall according to|
the proposal and collaborate.

After the completion of the wall, the students have to clean up the site.
2. Recording of the whole process

Ways of recording:
Fill the recording table of the construction process
Sort out the construction process records
Photos of the process

)]
@
@

could be adjusted and
the technology could
be improved.

« According to the
climate condition,

| working time could be

adjusted.
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30/06/2010- | 1. Sort out the process records
02/07/2010 | 2. Summary of the ramming experience

3. Communication of the ramming experience

APPENDIX

The three groups are
supposed to
communicate their
ramming experience in
a seminar and will get a
score for each group.

Attached Table 2: Process table of rammed earth course 2 (05/09-09/10/2011)

THESIS OF DSA-TERRE 2010-2012

TIME TEACHING WORKSHOP |
Week 1: - Lessons: Visits:
05-09 o Earthen architecture o Visits of different potential extraction sites
September Contemporary earthen architecture around Hangzhou: a cooked brick factory, a
Earth as a raw material sand and gravel quarry and a building site on
o Earth as a building material the campus.
- Exercises: Field tests on the different sites in order to have
Rammed earth production line a first idea on the different materials available.
o Design of the production line for the construction, o Sample collecting for future analysis in the
of a metal workshop made of rammed earth laboratory.
- Practice: Metal workshop:
Observations on the existing rammed earth walls: - Destruction of the existing rammed earth walls
weaknesses and strengths to free the space for the future metal
o Demonstration of some field tests: bottle test, construction workshop.
touch test and hand washing test o First meeting with the CAA engineers to discuss
the design of the formworks. The integral
formworks with vertical progression have been
chosen.
Week 2: - Exercises: Metal workshop:
12-16 o Presentation of the students works on the o Organising the future construction: listing the
September production line. available tools and equipment
Common correction in order to set up on single First command of raw materials (earth, sand
file containing all the needed information: the and gravel)
plan of the building, the needed materials, the
production line, the needed tools, a construction
agenda and the teams schedule.
- Practice:
o The five hydric states of earth
o Construction of the pedagogic rammed earth wall
Week 3: - Practice: Metal workshop:
19-23 o Continuing the construction of the rammed earth| o Construction of the concrete basements
September pedagogic wall o First and second delivery of two different
Testing a first reformulated earth mixture earths, each different from the sample collected
Testing the same reformulation with the Proctor during the first week.
test o New discussion on the formworks to improve
their design.
Week 4: - Practice: Metal workshop:
26-30 o Rain: the construction of the rammed earth| o Buying the necessary tools
September pedagogic wall is stoped Meeting with the building company to check on
Construction of moulds for the compaction test the construction of the formworks. The delivery
o Proctor test has been set up for the end of the week
o Sieving and reformulation exercise
Week 5: - Practice: Metal workshop:
08-09 o Construction of a rammed earth wall basement| o Instaling the formwork by the building
October inside the construction laboratory with some company
cooked bricks, This future wall will allow to, o Delivery of an important quantity of earth
experiment the aesthetic potential of the local
earth.
o Sieving and reformulation exercise
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Attached Table 3: Schedule of rammed earth course 3 (29/06-28/05/2012)

APPENDIX

Time Phase Content Assignment Notes
143}(3)3 Theory lecture Earth & rammed earth architecture Investigation of the
Monday 14:30_ rammed earth 1) The 62
1 6: 00 Visit and survey Site visit of the "Tiles Hill" project construction students will
13:00- be divided
Week 1 1 4: 30 Theory lecture Traditional & modern rammed earth Production line design |into six
Wednesday 1 4: 30- of the rammed earth  [teams,
16:00 Visit and survey Site visit of the "metalworking lab" project |construction numbered as
- A-F.
. 13:00- . Production line Adjustment of the
Friday Presentation . . o . 2) Inevery
16:00 (metalworking lab/Experimental wall) production line design teaching
Monda 13:00- | Construction Construction of the metalworking lab*/ Recording of the phase, the
Y 16:00 |practice Experimental wall®* technology studer;ts will
13:00- | Construction Construction of the metalworking lab/ Recording of the finish every
Week 2| Wednesday 16:00 |practice Experimental wall® technology task as
Frida 13:00- [Construction Construction of the metalworking lab/ Summary of the teams.
Y 16:00 |practice Experimental wall® ramming technology 3) Inthe
13:00- | Presentation & . . . construction
: - Comparison of the wall construction on site . .
Monday 14:30 [communication Comparison of the and testing
14:30- . . « ramming technology phases, team
16:00 Testing model Comparison test of the rammed earth AB,C and
Week 3 13:00- testing op_»eratlon/ Comparison test of the rammed earth/ Testing results records/ tgam D’E.’F
Wednesday|, ' construction - - will take in
16:00 i Construction of the metalworking lab Technology records
prctice turns to do
Frid 13:00- testlrtlg otperatlon/ Comparison test of the rammed earth/ Testing results records/ the )
ay 16:00 |construction Construction of the metalworking lab Technology records construction
prctice on site or
Monda 13:00- |Lectures and Rammed earth materials and ramming Summary adjustment of |testing in the
Y |16:00 presentation technology the ramming technolgoy|lab.
4) The
Week 4|\ednes day 13:00- | Construction Construction of the metalworking lab/ Recording of the members of
. 1 1 *
16:00 |practice Experimental wall® technology cach team
Frida 13:00- [Construction Construction of the metalworking lab/ Recording of the will divide
Y 16:00 |practice Experimental wall® technology the work by
Monda 13:00- | Construction Construction of the metalworking lab/ Recording of the themsewesl
Y l16:00 practice Experimental wall® technology making a
Week 5|wednesd 13:00- [Construction Construction of the metalworking lab/ Summ \t,:;:; division
ednesdayly6:00 practice Experimental wall® ummary )
. 13:00- |Presentation & .
Friday 16:00 |communication Summary Collection of the results
*ps:

Rammed earth comparison tests refer to the three intuitive key technical tests including the granular proportion comparison test, proctor test and layered ramming
comparison test.

Experimental wall(D: tests for rammed earth walls with different proportional materials, namely pure earth, mixture of earth and stone and mixture of earth and
sand. The students experience construction with tools such as traditional formwork and wooden rammer.

Experimental wall@): the earth mixture with the optical proportion gain from the test will ensure the quality of the rammed earth and enable more attempts on the

surface color and texture.

Construction for the metalworking lab: the construction has to be preceded according to the project process, or coordinated with the workers for the production and
fixing of the wooden structure, roof, door and windows.
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APPENDIX

Feedback Survey Quastionnaire of the Rammed Earth Construction Course

i uoneradood oA 10§ syuey],

010y 91m oseald ‘Aes 0} JuryAue oaey noA J|

29

Attached Table 4

SOX D ared juoq g ON V (potrad Suoj 10J SSuIp[INg UYL UL SIOM IO OAI] 0} 9YI] NOA Op “IsSN B Sy G|
SOX D A[3uip1020y g ON V (SIIDS Pue 93pa[Mouy] JOYLIN UIed] 0} ATESSI09U ST JUIy) NOAOp ‘Op noKJ] ]
UOSBAI UTBW AU} STIBYM ‘Op NoKJ] ¢
TOSBAT UTBW 9} ST JeyMm QUop nokj] ]
soniunoddo 018010 0} 9ARY | USAD ‘SO D A18uIp102dy g ON V {OH0M 2IMINJ Y} UI UOTJONISUOD UYL 9N 0] JUBM NOA OPI0)IYdIE 21N € Sy ||
os adoH D ared juoq g ON V (010 UOTEATOSAId 1O M) IMNT ) UT AINJOAIYDIE USIIL O} UT PIAJOAUT 9q 0 JueM nok o (]
uoissajoad yjaed ynoqy
(910 ‘yuowuu3Isse ‘Juryora) Jo Aem JUAWSTURLIE SE Yons ) 6
‘uoneziuedIo 9sInod Y} Ioj suonsadIns Aue aaey nok o
uoyeluo
sonoeid uononpsuo) [ruswRdxs q SOIMO9] A109Y ], Y (parsaroyutun Apsowr nok are doys yoryp, 8
. uoneIado
sonoerd uononnsuo) D [uowsdxy a S2IMO9] K109 ], V (nok 0y [nydjoy jsowr sI yuIy) nok op dojs Yormyp £
uonezIue3Io0 35IN0 AY) JNOqy
sok Afnuge D MV g [[e e 10N V (Apms TeamoayaIe Mok o3 [nydjey st asInod oy Jury nok og 9
nqeamd D MV g e e 10N V {9SIN0J O} JoJ& UOTIONNSUOD [HIED PAUIEI JO DINJONIYOTE USIILd UI PAISAINUI NOK ATy §
:0JeI0qR[d 9SBIJ SUOSeaI [RUOSIOG D) uoneziueso 9sno) g Suryoes) Jo Aem oyl V (ST} 0) PAINGLIIUOD pey| s10adse Yorym ‘YSnoud poos Jou SI J09JJ0 JuIyoed) oy JUIy) oA J[  §
sok Apynueg D yonur os J0N g IOAN {uone)oadxd oA unyiIm SI 31 JUIY) NOA Op ‘9sIN0d oY) 1Py ¢
sok Aoyueg D oMV g IOAN {2IMOAIYIIE USYIIED UIBd] 0) SSOUSUI[IM AUB dABY NOA PIP ‘9SIN0D oY) 910Jog ¢
SK Aponuyag D MM V4 JOAON YV LUONONISUOD U1IBd PIWLIEI JO 2INJIIYIIR UYLIED Jnoqe JurypAue mouy| noA pIp ‘9smod ay) 210j)9g |
393)J3 Suryoea) Jnoqy
: oreQg H'EIN :opein
inoK yueyp,

*K10A1109[q0 pue A[o100UTS 1 [[If SB[ "9INJ0d)IY oI USYIES JO JUdtdO[oAdp 31} U0 SNOO0J 0} JOPIO UT AINJIAIYOIL USY)IEd PIemo) J0fet 9Inj0d)IYdIe JO SJUIPNIS JO MITA oY) MOU 0] 103 pue Juryoed) dAoxdur 0) pasn ST dIreuUOnNsanb sIy) :901NON

954N0) UOIPNIISUO) Yieg pawwey 3yl Jo aJleuuoiisend) ASAING yoeqpasd

THESIS OF DSA-TERRE 2010-2012



i

MR 5. FLEERBAEERRITE

100

B TR prialnd /]l
ST A | B C A B C
AR (BNBE— RS L EERR) , HoLA , BIAEABAIA,
1 8 32 3 19% 74% 7%
2 9 13 21 21% 30% 49%
3 4 22 17 9% 51% 40%
4 5 30 6 12% 70% 14%
5 1 12 29 2% 28% 67%
6 0 9 33 0% 21% 77%
7 3 7 32 7% 16% 74%
8 24 9 5 56% 21% 12%
10 6 17 20 14% 40% 47%
11 1 31 11 2% 72% 26%
14 0 10 33 0% 23% 77%
15 8 22 13 19% 51% 30%
ZARBE (SMETRSFIEIEFE)  H41IA , SINAEAEIGA.
1 0 16 0 0% 100% 0%
2 4 5 7 25% 31% 44%
3 2 11 3 13% 69% 19%
4 5 10 1 31% 63% 6%
5 1 8 7 6% 50% 44%
6 0 8 7 0% 50% 44%
7 I 6 9 6% 38% 56%
8 6 6 2 38% 38% 13%
10 3 7 6 19% 44% 38%
11 0 16 0 0% 100% 0%
14 0 5 11 0% 31% 69%
15 5 5 31% 38% 31%
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Attached Table 5: Statistics of the Survey of the Rammed Earth Construction Course

RESULTS OPTION COUNT OPTION PROPORTION
OPTION| A B | C A B |
09 Grade students (course 1) , 43 students involveda (a total of 61)

1 3 32 3 19% 74% 7%

2 9 13 21 21% 30% 49%
3 4 22 17 9% 51% 40%
4 5 30 6 12% 70% 14%
5 1 12 29 2% 28% 67%
6 0 9 33 0% 21% 77%
7 3 7 32 7% 16% 74%
8 24 9 5 56% 21% 12%
10 6 17 20 14% 40% 47%
11 1 31 11 2% 72% 26%
14 0 10 33 0% 23% 77%
15 8 22 13 19% 51% 30%

08 Grade students (course 2), 16 students involved (a total of 41)

1 0 16 0 0% 100% 0%

2 4 5 7 25% 31% 44%
3 2 11 3 13% 69% 19%
4 5 10 1 31% 63% 6%

5 1 8 7 6% 50% 44%
6 0 8 7 0% 50% 44%
7 1 6 9 6% 38% 56%
8 6 6 2 38% 38% 13%
10 3 7 6 19% 44% 38%
11 0 16 0 0% 100% 0%

14 0 5 11 0% 31% 69%
15 5 6 5 31% 38% 31%
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Postscript

This text is my thesis for the degree of DSA-Terre program. First of all, | want to express my gratefulness to the
support of Prof. Wang Shu and Lu Wenyu. Without Prof. Wang Shu’s foresight as the orientation of my research
and his decision to send me to participate the program, | would not have the opportunity to enter into the
research area, or even be admitted to CRATerre the most advanced institution on earth architecture education
internationally.

My study experience in CRATerre is so impressed that | would remember it for my whole lifetime. It is not only
because that this is a study experience abroad, but also because that I, as a student and a “teacher”, am deeply
impressed by the scientific and strict curriculum setting, thoughtful teachers, and diligent students. Though |
don’t know French, which certainly affect my learning to some extent, this is not an obstacle for me to feel the
serious attitudes and methods of the CRATerre and the French scholars. | have benefited a lot from this.

As for the writing of this thesis, firstly | want to thank Prof. Anne-Monique Bardagot for her instruction,
especially during her stay in Hangzhou when she helped me adjust the research direction of this thesis
according to the work | was doing for my internship. While Prof. Thierry Joffroy gave me helpful suggestions for
the content and structure of the thesis, which has made it richer in content and more useful for real operation.

| also want to thank Marc Auzet for his help during my study process. As classmate, he translated the main
content of the French courses into English. Without his patient and specific explanation, | couldn’t imagine how
| shall finish the six-month study program in France. Besides, there were many classmates who have helped me
somehow in my study and taken care of me during my stay in France, such as Juliette, Alina, Peulo, Suilan; Bako
Rakotomamonjy patiently explained to me every working procedure in English; Mathilde Beguin, as my teacher
and roommate, took me to experience the earth training and daily work in CARACOL, which was an important
complementary study experience additional to DSA courses. | am thankful to all these persons!

During the work and internship in China Academy of Art, Marc and Juliette, as my colleagues also helped me
greatly. In fact, the recording part of the second course and part of the establishment of the lab in this thesis
took reference to their working report. Their diligent and serious working attitude impressed the teachers and
students in our school deeply. Besides, | also want to thank Mr. Chen Jiahui, who worked hard to coordinate
the establishment of the lab and the rammed earth course; to the new staff member of the lab Wei Chaochao,
who has become a helpful hand for the all kinds of work of the SCL with his personal efforts and hardworking;
also to the postgraduates students Li Enci, Zhou Gongzhou etc., who participated and contributed to the work
of the lab in the teaching and training process.

| wrote the thesis in Chinese and my colleague Zhang Minmin translated it. Thanks to her sacrificing of her
spare time for this work and the accurate translation, the thesis could be finished on time.

Of course, the most important persons | want to thank are my family. My husband Lin Ting, who is also my
colleague, understands my work on earth and also supports me on my work. As a matter of fact, it is he who is
making great efforts to facilitate the realization of the earth project in Dali, Yunnan province.

Recalling the two-year experience in working with earth, there are so many people who have helped me that
| can’t list all their names here. Earth architecture is a career close to and caring for the common public, which
need more people be involved into. | hope that my work will contribute to the earth architecture in China, even
little but practical contribution.

Zhang Wen
11 June, 2012, in Hangzhou
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