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FOLLOW-UP iR

Team members from The Chinese University of Hong
Kong, Kunming University of Science and Technology
and University of Cambridge had a visit to Guangming
Village, one of the affected villages. After a detailed
investigation, the team decided to launch a village re-
building assistance programme in Guangming Village
in late Oct 2014 and planned to rebuild the 1st demon-
stration villoge house within 5 months.
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Below: Demonstration House
Right: construction manual written by the team summarizing their experiences
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EXPERIMENT 3Ci§

In mid Jan, 2015, the team conducted an anti-seismic
testing for 1:1 abode brick wall and rammed earth wall.
The test proves that their structures have good an-
ti-seismic performance.
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WORKSHOP IT{Fe
6/24/15 - 6/30/15

To further investigate anti-seismic rammed earth archi-
tecture, Kunming University of Science and Technolo-
gy and the Chinese University of Hong Kong organized
a I-week workshop that involved student participants
from both campuses. The workshop’s goal is to pro-
vide to students a hands-on experience on the design
and construction of rammed earth structure. The stu-
dents were divided into 3 teams with various mission:
raommed earth team, roofing team, and interior team.
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Below: Location of workshop, Kunming University of Science and Technology
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PROJECT SITE ikt

The space adjacent to the experimental structures
(red marker) was selected as the project site for the
raommed earth team. The team’s mission was to design
two rammed earth walls that have improved thermal
oroperties and special functions.
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Foundation (Pre-Exist) & (28 )

The site already came with existing foundations as stu-
dents have carried out other experiments in that area
before. For the sake of simplicity the new structures
would be constructed on top of these foundations.
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Below: 2nd year students taking site measurements
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DESIGN =1t

Since we had a tight schedule, and most of us had lit-
tle to no experience with rammed earth architecture,
we took the advice of our consultant (an older student
who's thesis is about rammed earth architecture) and
decided to keep most of the design simple and focus
on only a few detail. We decided to design 2 walls that
would 1) exhibit different patterns, 2) have thermal lay-
ers made of recycled/sustainable materials, and 5) have
special functions that repond to the views of the site.

AT TFENEBR, M ESTAREBLARITESLHEA
RGNS, T =N T AR ( —PEANENRXTFHE
AR A ) AU, RIFERRITESR, FHEEENME
TV £ FMRERERITRER, BIIi9T8Ea: 1)
RERSAE, 2) RIEWREA / IMREYMRIE R, 3) 55110
BEAIEIES WA X .

FEASIBILITY BJfFI&

Feasibility was also one of the major deciding factors.
As we went through rounds of design we constant-
ly consider if our design is buildable for us in a few
days. Construction detail and building process were
discussed from early-on as a result. To the 2nd year
students (which made up most of the team) who had
yet to build something bigger than the models of their
projects, this was a very good exercise to understand
what it takes to make designs happen in real life.
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FINAL PROPOSAL

The final  proposal
consists of two mirror-
ing walls. The mirrored
design was selected
for its construction
efficiency as the con-
struction process can
be duplicated. Each
wall consists a ther-
mal barrier made of
recycled/sustainable
materials, plus a spe-
cial feature such as a
plantation or a seating
area that responds to
the site’s views.
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TRIAL BUILD ##i1Ei 58

The team decided to carry out a trial build to test out
some of the ideas, such as the use of empty water bot-
tle as a thermal barrier, the use of bamboo strips as a
form work, and also to figure out the right earth recipe.
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Upper Left: Using the alloy mold for the first time
Middle Left: Filtering and moving earth
Lower Left: Trying out different earth recipes
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Upper Right: Trying out bamboo mold

Middle Right, Left: Using an electric earth compressor
Middle Righ, Rightt: Testing out water bottle thermal barrier
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TRIAL RESULTS itigsE R

Here's the result of the trial build:

1) Time: The trial build, even though it was a very small
structure, took much longer than we anticipated. We
realized rammed earth construction is a very labor-in-
tensive process that involves many steps. As a result we
decided to combine the designs of the proposed walls
into just one wall.

2) Thermal Barrier: The plastic bottle thermal barrier
was not as effective as we hoped. We didn’t realize
when earth is compressed it exerts great force on ev-
erything around it, including the plastic bottles and the
mold. The plastic bottles were not rigid enough to hold
up against the compressive force and air was basically
squeezed out, making the thermal barrier ineffective,
We decided to abandon this idea and switched to using
bamboo as a thermal barrier because it is a more rigid
but hollow material with air cavity inside.

5) Bamboo Mold: The bamboo mold worked well and we
would implement it in the final construction.
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MIX RECIPE HlEeH

We also tested different mixes of earth and other in-
gredients that would result in strong structural integrity
and good water-resistance.

These are the ingredients we used:

1) Earth: We used red earth, which is wildly available
In the Yunnan Province. It’'s red tone comes from the
rich aluminum and iron oxides in the soil. We filtered
the earth so that only particles under 1 cubic cm were
used. This improved the adhesion between earth parti-
cles significantly.

2) Aggregate: We used typical rock/sand combination
and avoided any aggregate that were too large.

5) Cement: Cement was used to make the mix more
water-resistant. The amount needed to be carefully
controlled as too much cement will affect material ad-
hesion while too little will make the structure prone to
water doamage.

4) Fiber: Artificial fibers were added in the mix to im-
orove overall material adhesion and sheer-resistance.
5) Water: Water content needed to be carefully con-
trolled. Too much water will result in cracking of the
structure, and too little water will result in poor material
adhesion.

©) Dye: Non-structural, for aesthetic looks.
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MIX RECIPE +¥lfEtH

SLE: TSI R TR :
Quantity: Steps: Result: Remark:
form—) 218, 1480, 1) $ERRLARA R B R RN, 1) TR EERF 1) TrbgBlhXE, ™
EE7K 2) FraatirE, BRSINK 2) tRER=REKME BB I
X oK,
#, BEnrt
Mix 1) 2 buckets of earth, 1) Put all ingredients in mixer 1) Mix has good adhesion 1) Mix can be easily
1 bucket of aggregate 2) Start mixing, add water 2) Mix is not water resistant damaged by rain water
Add water as needed w/o water resistance
*No cement, fiber, dye
[y Si+, S 1) BUDFOLAFLE, fi—oep 1) RS 1) FREEHONE
(3t@ead, 24@ahi) 2) M—¥KR, WEE—oe 2) MRKZ, KIS 2) KigFreeEXZ
250g4t4E, 4.6kgiKife 3) MoHEL, BEREFES R 3) KEXZ, BN
4) BEREITXKR, fH—o 4) AFKZ
5) fnzk
Mix 2) 5 buckets of earth 1) Put aggr. and fiber, mix 1 min. 1) Mix is not even 1) Pay attention to

5 buckets of aggregate
(3 course, 2 fine)
250g fiber, 4.6kg cement

Put half of cement, mix 1 min.

Put rest of cement, mix 1 min.

2
3
4
5) Add water

)
) Put 2 buckets of earth, mix 2 mins.
)
)

water content
2) Reduce cement

2) Too much material, hard to
evenly absorb water

3) Too much concrete, mix looks dull

4) Too much rock

FINAL RECIPE mEER¥
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Mix 3)

41t, 20, kg Kk
2 1844 (FIMAY)
RIEREESIERKE

X HEREEE, 2N
8kg-10kg

4 buckets of earth

2 buckets of aggregate
1kg cement

2 bundles of fiber

Dye, 8kg - 10kg
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2) Frafke, FET07K
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1) Put all structural ingredients

in mixer
2) Start mixing, add water as needed
3) If add dye, spread powder evenly
4) Add water as needed
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1) FELHEIR
2) IEKE
3) KEREINEEFE

1) Mix has good adhesion
2) Mix has good water resistance
3) Many color options available

1) Filtered earth helped

2) Aware of water content

3) Adjust water content
as needed because of
outdoor temp.
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FINAL RESULT BERE




BAMBOO THERMAL WALL
fIEfRRE
BUILT-IN PLANTATION
—IF g
SEAT FROM BAMBOO MOLD
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EVALUATION {4

1) Earth Mix/Recipe: One of the trickiest parts of rammed earth ar-
chitecture is to get the mix right. Our biggest challenge through-
out the construction process was the earth mix consistencuy.
Sometimes the mix would be too dry, and sometimes it would be
too wet because there are a lot of factors that could influence the
humidity of the mix, e.g. outdoor temperature & humidity, lack of
shading for the mixed earth, how soon the earth mix was used
once it was made... etc. All these variables made different batches
of mixes different from each other. As a result, one can clearly see
discrepancies between each section of ramming. When too dry
the wall would fall apart after ramming, and when too wet the wall
would crack as water in the soil vaporized. Also, overly wet mix
led to build up of material at the head of the earth compressor,
making it less effective. Also, wet earth stuck to the mold easily,
making mold releasing difficult.

2) Thermal Barrier: The bamboo thermal barrier held uvp quite
well under constant ramming. However, since bamboo and earth
have different thermal qualities, we say some cracks developed
around the bamboo thermal area due to stress from expansion
and shrinkage.

3) Bamboo Mold: The bamboo mold worked very well and created
a constrasting pattern on the surface of the wall. It held up quite
well under constant ramming. It was upcycled to become a seat-
ing surface of the wall.

4) Built-in Plantation: The plantation was successfully sucured in-
side the wall during the ramming process. Even with reinforced
joints, the plantation form still deformed a bit. This showed form
work in rammed earth architecture needs to be very strong to
reduce warping.

5) Alloy Formwork: The alloy formwork worked for the most part.
We realized that without the cross-brace even the alloy formwork
could deform too. Also, since we did not apply demolding agent
on the formwork, we saw some mold-sticking happening when we
release the formwork.

6) Tool Wear & Tear: We broke 4 of the earth compressor’s head.
This showed that the tool design/manufacturing needed to be im-
proved.
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CONCLUSION &4

In conclusion, the participants (most of them 2nd year
students) did a great job from the beginning of this
workshop to the end. They showed such passion in ar-
chitecture and motivation to do their best, even though
they have very limited experience and resources. Here
are some of my observations from the workshop which
I think were important:

1) Teamwork: In order to complete such a labor inten-
sive project - from design to experiments to construc-
tion - injust under one week, and with a team that con-
sisted of 8 members, everybody needed to have a very
specific role in all stages of the project in order for the
team to operate efficiently. A team leader was there-
fore selected early-on, and specific roles were given
to each of the team members for both the design and
construction stage. We also tried to be as effective as
possible in our team structure: one example is that the
student given the role to research construction meth-
od during the design stage was also responsible to di-
rect the construction of the project. On the other hand,
since this is an experimental project, each student
were given a chance to experience different parts of
the construction process (such as ramming the earth,
mMixing the earth, etc). But for most of the time people
have dedicated roles so that they would become more
effective as they gained experience.

2) Flexibility: The unexpected to be expected. Even
though we had a pretty well thoughtout design, we re-
alized that some of our ideas would not work too well
in real life. This is where our trial built really helped. By
doing a quick experienment we were able to make im-
mediate adjustments to our final design. If we were too
caught up with our original design we would not have
completed the project on time.
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CONCLUSION &4

3) Stay Calm and Solve the Problem: Even with the
knowledge and experience from doing a trial built, we
still faced a lot of problems during the actual construc-
tion. What we learned was to stay calm and simply fig-
ure out ways to solve them. One example was that we
had pretty serious demolding problems and our wall
was damaged in the process. But after some thinking
we developed a way to repair these damages.

4) Be Organized in Construction: This applies to both
the people and the location. Already mentioned before,
each team member has a clear role. But this was not
enough. We realized without clear communication the
construction would go into chaos. For example, if the
team members responsible for creating the earth mix
was not informed of how much earth was needed, they
could have mixed a lot more earth than what was need-
ed, the surplus could potentially dry out before it was
being used. On the other hand, if the earth-ramming
people did not inform the earth-mixers of the need to
adjust the water content of the mix, the earth-mixers
might continue to make mixes that were too dry or too
wet. Also, we saw a great need to keep the construc-
tion site organized. We could be using a dozen tools
at the same time, and if these tools and parts were not
olaced or stored correctly, we would risk wasting time
simply looking for something, effectively bringing the
construction to a halt.

5) Documentation: Document every stage of the proj-
ect. Documentation allowed us to go back and examine
what went wrong and what could have done better,
Without the massive amount of photos we have taken
this report would not be possible.
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FINALLY... Bxfgo o o

Thank you Kunming University of Science and Technol-
ogy Faculty of Architecture and City Planning for host-
Ing this workshop, and for their wonderful hospitality.

Special thanks goes to:

Prof. Edward Ng (CUHK), for allowing me to join this
workshop as a volunteer, and for visiting us during the
workshop.

Prof. Pak Wen Feng (KMUST), for guiding us through
the whole construction process. Your hardwork and de-
termination to improve vernacular architecture is very
Inspiring.

Mr. Yip Jian Feng (KMUST), for being both a teacher, a
mentor, and a friend to students. Without your support
and guidance this project would not have happened.

Ms. Lau (KMUST), for teaching students to think as a
designer and be critical about their designs.

Mr. Chi (CUHK), for helping students with design prob-
lems, and constantly bringing joy to the team.

Last but not least, for the wonderful team members:
/hao Zi Yao (Leader), Wen Jun Wei (Deputy Leader),
Haon Jian (Visualization), Tang Ming Han (Documenta-
tion), Zhang Jun (Research), Tang Zi Chen (Construc-
tion Method), Pang Yue (Drafting).

| was inspired by each of you for your passion and en-
thusiasm. Thank you for making this workshop a great
experience and wonderful lesson.
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