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ABSTRACT

Compressed Earth Blocks (CEB) is a developed earth technology, in which unbaked brick is
produced by compressing raw soil using manual, hydraulic, or mechanical compressing
machines. Revealing the potential of an affordable sustainable material like CEB may help tackle
today's fundamental challenges, social equity and environmental sustainability.

For one year in India, I learned and practiced the basics of this technology in Auroville Earth
Institute, and then conducted a group of design and construction experimentations for a natural
resort project. Through these experimentations, I tried to reveal CEBs' capabilities through design
innovation. The thesis captures my new understandings of the design competence of the material
in relation to the design process, through narrating the story of this experience using images and
a dialogue between the designer, mason, sponsor and the blocks themselves.
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Inro ucio

About this thesis

I became interested in earth materials-specifically Compressed Earth Blocks (CEB)-while I
working on my graduate degree in Architecture Studies at the Massachusetts Institute of Technol-
ogy (MIT). During my second semester, I won an Aga Khan Program in Islamic Architecture (AKPIA)
travel grant to take an intensive one month course at the Auroville Earth Institute in Tamil Nadu,
Southern India, to learn about the design, production, and construction of CEB. One month
became one year. For the first six months, I stayed in Auroville, then I left Tamil Nadu to work on a
project for client in Madhya Pradesh. My education in the development of this project was both
technical and social. Ihad the chance to practice what I learned at the Earth Institute, and then try
to push the envelop of this technology with many experiments.l also managed and developed
positive working relationships with fifty farmers, who were essential to the successful realization of
my CEB experiments.

This thesis is not a pure technical manual about CEB. The reader can find dozens of these manuals,
and many of them are noted in the biography of this thesis. Instead, this thesis details the path I
have taken in pursuing innovation through a group of experiments. Thus, this thesis is complemen-
tary to traditional manuals. While the manual shows the reader how to successfully produce famil-
iar forms of blocks, bonds, and buildings, the storyshows the path that the author has taken to use
this material in an untraditional way.

The reader will find that this story connects design, technique, and social issues because I found
that they are, quite simply, inseparable. If, for example an architect wants to go to a country area in
a developing country to build a village using earth technology, it will not be sufficient to know only
construction techniques. The architect, in such a case will probably face much social sensitivity that
has to be dealt with in wisely and delicately. This story communicates what I learned about navi-
gating these situations.

The main audience for this thesis are young architects and architecture students who are in search
of their paths in the world of design. Through this colorful and illustrated story, I hope to show them
the excitement of this unusual experience in working on site with earth. Since I took the role of the
advocate of this material, I am trying through this medium to convince others to share my purpose.

1 7
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ptian architect and a Master of Science in Architecture Stud-
at the Massachusetts Institute of Technology (MIT). He won
i MIT to travel to learn and practice Compressed Earth Block
ology in Auroville Earth Institute, India. While at the Earth
met with an Indian architect who asked him to be his part-
n and build a natural resort in Madhya Pradesh, India.
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The Compressed Earth Blocks (CEB) Production Team

They are a group of around fifty farmers (men, women, girls, and boys)
from a small village, Beroleh in Madhya Pradesh, India. Most of their
homes in the village are built with either mud brick or fired brick, which
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000000 I like and admire those farmers.They are honest,

hard workers, flexible, and eager to learn.
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Story
B ,,d
Charllen

Challenging CEB:
The architect wanted to reveal the capabilities of CEB by challenging this
material. He used the material in almost every part of the room: exposed
structural walls, floors, and furniture. Here the architect used the standard
blocks produced by the machine in most parts of the building:interlocking
blocks for the structural walls, and tiles for the floor with its steps.Yet, there~i i ~l~~ ~ ll Is h h hi h h d i l :~
s• a: speJ¢..ca waol tI atI .. .e11 arc tect tll ougl t. mU ~ I ay ne speca attentdll~lionUI.Th liIwalt separates the space of the room from the overwhelmingly beautiful
river and natural forest (the main view for all of the rooms). Therefore, the
architect designed a special form of blocks that is usually not produced by
the machine, and consequently needs a very special brick bond.

~·111~1111111~--~1-1-_ _~1 1~--·9~11~U111 I~-·-~IYYL
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The River Wall
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If the answer is yes, then we are ready to build.
If the answer is no, then the architect should be able to
teach the masons through a group of mockups.
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Fair enough. We have to speak to many people on different levels. We
need variety.There will be many rooms. While it will be practical to make
the first room acceptable by our sponsor, so we can gain his trust to build
the rest of the project. I would like to make the last room to speak to an
artist for example. This gradual approach makes sense not just for the
sponsor, but also for us, because we will get a lot more confident using
the material (CEB) by the time.
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TheRier al Story

Divd and Conque

The Blocks:
In this solution, the perforated parallelogram
is divided into four pieces with two different
forms: a longer parallelogram and a shorter
one. Two different molds will be needed to
produce the blocks.This solution offers some
advantages. The two molds are simple and
may be easy to make.The two forms of blocks
should be easy to handle and lay.

The Bond:
The shift between the vertical joints is
enough to assure the strength of the bond.
The empty areas (A, B) created at the edges
are easy to fill using two of the shorter paral-
lelogram blocks.

`i



The River Wall IIN
LDivide and Coonquerr block production

Divide 4
If To be able to produce the designed special units for the river wall with selected optionthe same scale, the architect decided to divide every block i7nto 4

pieces with two forms. All have the same shape with the same angels,
but the upper and the lower unites will be longer (2), and the two
sides will be shorter (1). The difference is in the length. The team
developed a very simple wooden mold that can be dismantled easily,

2
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The River Wall I

The architect guided the construction of this mock up step by step. The workers
saw the drawings, prepared the molds, rammed the soil to produce blocks, and
then started the assembly without asking any questions. Yet during the assembly,
it was clear that not one of them could imagine how this wall would be
assembled. Maybe the architect was not able to communicate and clarify his idea
enough. The more the whole team is conscious about the process and the
expected final product, the more we can reserve time and energy. All efforts
should be done to find creative ways to get the whole team involved in theprocess and aware of the anticipated results.
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The divide and conquer solution was sufficient, but it was not satisfying to
the architect. He wanted to produce a one piece perforated parallelogram.

The main aim of making this group of mock-ups was to, first find the most
efficient way to build this wall,and then to leave production team, the carpen-
ters, and the masons with a clear construction process so that they could
build such a wall.

After many experimentations, the making of this mock-up was was the
moment when the architect knew that the team was ready to start the
construction of the first room in the natural resort. This was the moment of
Success

p~

*~-----~------~~~.~-~Y--_~~ 111~111 . ~·~ ~

The River Wall
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On Cuv and Fou Walls

What can we do with a single curve?

It has been almost three weeks of work on the construction site. Everyone have been continu-
ously working together. the architect, engineer, carpenters, and production team. The amount of
blocks produced during this period was almost enough for the first room of the natural resort.The
ps eed of block production was not ideal but it was sufficient for the time being. Most importantl

an atmosphere of harmony and confidence started to emerge; it was the right time to gain thebest of this healthy atmosphere.

Stonry

.............From the very beginnng, I wanted to make a clear statement about the infinite possibilities that...-,-ýemerge once the designer decides to challenge the standardized units (blocks) that the com-ýqpressing machines produce. I finally felt that I understood the capabilities and limitations of the'
materialthe machine and the craftsmanship. Therefore, I clearly saw the po I ssibility to make a ýclear
statement with the least effort: a convincing, assuring statment for me, my partner, my, client, aswell as the architectural community.

"J

...king with CEB, I had a very wide range of freedom to design the form of blocks I wanted-,...-#ý,77could make my own machine"s molds and accessories. I thought that making a metal mold f thiýtrials would be too-Vxpensive of an effort for unquaranteed results. Yet, working witlcarpenters, I could easily... a. knew wooden mold accessories here, on site.To simp Ify-tho.,; S.:,.... ..... .decided to )ro&c4.46" -mold accessories using a single profile curveAtth! I I t,....... ... ...units with, ex q -at -p.undulate4;ýurfaces that could be used W ether for th t ,.r j te. 0.
purposes, but it was not very clear to me in which part of my build b e fflyk 45O.U1! ... 9.11:!RC.. ........I be used. It was uncertain to me as welt the type of blocks bonding c

tK5. It was the first step towards a relatively unknowable destinatio nO
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One* Cuv an orS al

Stor

2) The wooden mold insert positioned overthe%......
lower plate of the machine mold. There houl
be no soil in between the wooden insert aq..the lower plate. There should be a suiItAl
tolerance of about 1 mm between the e ge§!

wooden insert and the side plates f
metal mold.

0oden mold iris P.. flre ;YJ.......:The ve ... .....carp nter ca cce
R.O. tof the wooden jo.9-Th

lr-,V-spr af ce to be ready to -di
.... .... ..

f the tof erance is less than optimal, the ver.....ical movement of the l6wet plate carrying
wooden mold will be difficult. If the tolerance i

,..,..,rnore than necessary, the soil, will fail in
n the wooden insert and the side plates,-ý,................c mpressing.
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The architect, the carpenter and, and the machine workers were working together on
producing the first blocks, jointly solving problerms as they arose.They found that the moist
soil sticks to specific spots (the four corner spots at the turning point of the two curves). To
avoid that, they learned It was very important to keep the mold accessory smooth and clean.
Eventually, they stopped production and the carpenter took the insert to smooth these four
corner spots. A more ideal solution would be painting the surface of the mold as well, but
thorO M•Ic n irnAint i~lAahh nn Pt AtI. thAt thrt i

One Curve and Four Walls
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i
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On Cuv and Fou Walls

As soon as the team successfully produced the first group of blocks, the architect was so
eager to construct a small mock-up consisting of eight blocks. He used simple stock bond
to make this mock-up.The point was to see how the profile curves fit togetherand how
the sun light, shade, and shadow will move over the surface of this wall.That was after 4
pm and the yellowish rays of the sunset contrasted with the heavy shadows over the soil
blocks in an amusing, wavy rhythm. The architect was satisfied with the preliminary
results,.The curves of the edges did fit well together, despite the expected inaccuracy of
craftsmanship due to the use of very simple tools at the preliminary experimental stage.
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The architect decided to take a further step to utilize this block type with an undulated

surface.So he constructed a wall with the simp e stack bond.The architect positioned the

blocks on site in different ange s on site to be able to observe the shade and shadow

movement and then selected the most effective orientation

nri this case, the site dictated the orientat-ion of the wall to Maximize the effect of shade
and shadow movement of the earthy surface of the wa l.

The production workrs from the vWlage loved this \,wall.Thy started to ome an se it,

__ L
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Climaxof
Story Board

NOT AGAIN ... I can imagine what will happen to thi lage.

I feel that their architecture just fits themtheir clothes, I
their lifestyle, and their environment. Everything is
harmonious.

I even heard several times that their mud brick homes
are thermally comfortable during both summer, and
winter.

Those villagers have developed their own architecture built with
earth through a process that probably took hundreds of years.
Once they construct their homes with concrete and fired brick, they
usually produce ugly unfinished poor constructions. I have seen this
happening in many villages in Egypt, and then India.That is so sad.11`ý-



Climaxof
Story Board

0 0 0 C At this point, I did remember something important.

t= The environmental cost of fired brick (in general) is fundamentally higher
than the environmental cost of CEB, or earth materials.

The environmental cost of the village fired brick is fundamentally higher
Ethan the the environmental cost of the kiln fired brick, why?

After watching the production of the village fired brick, I am not surprised. They burn mud
brick, which is made of top soil that is rich of organic substance (bad for brick),for three co7ntinn-
ues days in the open.The waste of brick is huge (around 150,'0). The C02 emission and energy
consu ption are extremely high. Using top soil means wasting the soil suitable for agriculture.

This is clearly an ex tre melyhormfulp ractice to our con tinuously degraded environment.

N)



Climax
I should try to convince those villagers not of

000 to rebuild their village with concrete and Story Boardvillage fired brick.

It seemed that I am in a good position to do so. I was sitting on a bed that Burshuttum
specially brought for me. They were a// sitting on the floor, and when I tried to set with them,
they strongly refused to the extent that made me feel that I might have offended them by
trying to do so. They ore calling me "Saheb','which is a title that expresses great respect.
Apparently, they also respect my work, and ask for my advice to help them develop their
homes. I cannot be in a more commanding position to give them a convincing advice.

Burshuttum, I really like your mud brick home. It looks very beautiful,
concrete will probably look ugly like the small city nearby. Do you
want your beautiful village to look like that?

r Your house is cold in summer and warm in winter.Your new concrete house will probably
becro'ld in winter and very hot in summer, and you know that, right?

[And what about the tradition of the village? The style of your buildings is the tradition of

our fathers and grandfathers. If you all make your village looks like the small poor cities

that we usually see on the high roads in India, you will lose your tradition.

I
For me as a guest or a tourist, I respect and enjoy your tradition. If this place looks l9ikea
city, I will not be here visiting you in your home right now. Don't you want other foreign-ci'or r,Eerts ýtmo respect your place?

And ... Can you imagine yourself wearing ... jeans for example, instead of your clothes? I
0do not see this as that right picture. It is somehow the same. I see you setting in this

Fhouse wearing those clothes look very well.This is a good picture, I think.

Burshuttum and the others agreed continuously with me on every single point. They know
that the concrete house will be hot in the summer, and they do not see themselves wearing
jeans; they like their clothes. So, I thought that I have convinced them.

After a pause, Burshuttum said with strength and confidence:

Burshuttum ir,11 lived in a house made of mud;my son will live in a house made of conc7re te.
CS
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While drinking tea with him in his house, we talked about different
subjects, including the deteriorated conditions of their village. I said that
I would travel to the US to study, but when I come back, I might be welling
to work with the villagers using their adobe. He looked directly at me and
said assertively,"NOYOU COME BACKTO USWITH A NEWTECHNOLOGY"

I had similar conversations with several villagers.They all lead to the same
conclusion: Most of the time, the villagers do not want to stick to their
traditional techniques and materials forever. They are watching the TV
and they want to catch up.The argument of "keeping your tradition"does
not seem to work.They want new technology, and we have to try to offer
them a viable, sustainable, and convincing advanced technology.

So, Burshuttum, what do think about the technology that we are using for7usinthe natural resort. You said that you like the flower wall. We also madeISO r ýa,ý eg for
some experiments in front of you that show that it is a strong materialterial
that resists water. CEB is a new earth technology. Would you like to use
this technology to build your new home for your son?

esths i agod nw ecnolgy I isstongan te fowr allloksbeatiul
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On Cuv and Fou Walls

V•ill 2
running bonds

mentioned on the
previous page

Bond 2

ning bo••n.d
half way)

4(8

UsUa w rusn
Uha way



·.I·-'-· '··~I~ '~·-l*ii.I'- ·I
4·9

· i
·······;·····;·····



L.1Someties, I alk tothe ees of he arcitect

Louis Kahn talks about brick in general, the general demands and enquiries of brick.
Yet, if we assume that brick does not have a standard form because the architect will
extend the design process to the design of the block, then the architect has to listen
to the specific demands and enquiries of every form of blocks as well.

Ever speialy deignd brck ay hve ecia chract.:ý
Askevryindviua frm f rik: ha d yu wnttobe



Yesterday T
Gentleman/Master

Builder woman
Architect

The architect, who wants to truly listen to brick, should
try to work with his hands sornetimes, When the archi-
tect does that, she or he becomes the architect and the
mason at the same time.This state of unity between the
two separated professions according of our under-
standing today, might be a moment of inspiration.
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Whut if we just ulveise thei cui ye a7nd go thrrough the some pro-ess!
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W~ahdt ifvxc use the tiwo curves togeflier?





I am very hap-ose hs al

in relt (no onl 0n co p te)

No ,Icndsus0ihyu hc

walls ~ ~ ~ 0 toue n nwhc lcsiUh rjc..
Fifty farmers from the closeý -Village participated
in -this project.They learned new techniques.
Eventually, they all have bHetome enthusiastic.
about the process as well as the final product of
the, work. They became convinced that the C EB
is a material that they can -use while building
and developing their homes- in the village.

--------------------

',.._

Endof
Story Board

It was an enjoyable and rewarding venture. Finally, everybody is happy. I am
very satisfied about the experiments.CEB proved to me that it is an underused
undiscovered material.We can do a lot more with CEB.

C We can make flowers too! -3

Ths s a go in



Ue
1/3 of the world's
population lives in
earth constructions

25 % of the world popula-
tion does not have access
to decent housing

(Statistics from UNCHS)

Almos on-thr of th word' pouato ives in 0at hoes ye 000hghpoorinma o

000ec 0h 0los im ecpil reec frweat osrcin ehiusitecne prr

C02 emissions from
automobiles worldwide

I I

C02 emissions from
Concrete industry

7%
of the C02 released to the
atmosphere

(office of Sustainable Development, Portland, Oregon)

Environmental
Sustainability6%

of the C02 released to the
atmosphere

Why Earth?

At the beinn of th twny-is cetuy glba call fo sustinabe deelpe nt to control*
global .* * .* wamn an reuc cabo dixd emsin ar becoming inrasnl pessent du to
th shr inevl bewe Naur' wanigs Thrfoe sic sutial cosruto is a keystone * * -
in a * * glba sutanal deeopet it is imeaie tha on of tw acin shul ocur either
inutra maeil evlv to copt wit eat in tem of its sutiaiy or sustainable material
like * eart evlv to copt wit inutra maeil in tem of thei desg capbiites Whl the
viil firs expnd ousd th arhiec' rage th iniil seon is th arhtc' responsibility.*
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Work

Unit

Block

on the three levels of creation!

Element Composition

Wall, vault, dome Wall, vault, dome

Examples

Wright: Diestee Fathy
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Ue
Vernacular Architecture
& Earth Architecture

4r

A hypothesis:

Earth architecture has been mistakenly
connected to specific vernacular forms. The
image of earth architecture is to some
extent linked to the image of the traditional
domes, and vaults that Hassan Fathy, the
pioneer of earth architecture in the twenti-
eth century, used to build with adobe.

,. J

Vernacular
Architecture

Earth
Architecture

I believe that this inaccurate connec-
tion is harmful to earth architecture.
Architects, who want the freedom to
innovate, will not be very satisfied to
work with a material that they
perceive as restricted to limited tradi-
tional forms with specific proportions.

This is a misperception. Earth is a material that can be used in many different ways. Historical earth
structures around the globe shows us the unlimited variety of forms and proportions that earth has
already produced.Today, with more advanced earth technologies like CEB, we probably can do more.J

To convince a new generation of architects to consider using earth technology, we have to show them that
earth does not have to be restricted to these specific vernacular forms. We have to mentally separate
between the image of earth architecture and the image of vernacular architecture. To do so, the earth
designer has to work on both the level of the element and unit. Otherwise, shelhe will be restricted to the
traditional blocks and elements, and innovating on the level of composition will not be enough to separate
between the image of earth and vernacular. This hypothesis was a major driving force for my work with
earth. Experimenting with CEB, Ifoundsimple ways to innovate on both the levelof the unitand the levelof
the element.

Vernacular vs. Earth Architecture



a comparison
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All pictures were taken by the author except:

1) Picture of a block from ennis house taken from ennishouse.org

2) A vault by Eladio Dieste, picture taken from estructuras.com

3) Villa at Fayoum, project painting by Hassan Fathy, Egypt ( Photo by Jean-
Pierre Cousin )
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