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ABSTRACT

The thesis was inspired by the excellent mechanical properties of bamboo and its positive
environmental effects. Despite its abundance and great qualities, the material has not been
incorporated into the history of standard light frame wood construction and is therefore not
used to its full potential, especially in regions of economic constraint in greatest need of hous-
ing structures.

Can we design a light-frame construction system that allows for the non-standard nature of
bamboo members and is inspired by the unique properties of the material? Can we reveal its
contemporary uses and therefore allow for its cultural acceptance?

The research investigates how a grid of members behaves as a system - incorporating imper-
fections and variations of individual elements. Along with the structural exploration, the wark
addresses the cultural misconception of bamboo as the “poor man’s lumber” The exercises
are aimed towards creating a housing unit that incorporates available materials into contem-
porary design elements.



As the title of the book suggests, | am
going to tell you a little bit about my
with bamboo. It all started

about a couple of years ago when |
went on a class trip to Hawaii and was
first introduced to the material. | am
still not sure whether it was the

magic of the islands or my inspi-
rational team, but | immediately

with the material - | loved the way
it looked, the way it felt, its numerous
applications in different aspects of life...
Like every other , | wanted
to get to know it a little better. | kept
studying its properties and behavior for
the next few semesters through classes
and individual workshops. As with every
other relationship, there were the good
times, and there were the bad times...
My direct work with bamboo deepened
my interest and revealed its amazing
qualities. As | got to know it a little
better however, | started finding out that
all of the little things that made it spe-
cial were actually quite difficult to deal
with. | stuck through those hard times,
and only after | its
unique nature and it for what
it is, | started working with it as op-
posed to just using it.



Once the time came for submitting a thesis proposal, | met with my advisors
and said The response | received was “what’s wrong
with that?” | was incredibly fortunate to have the of two of the most
influential people in my academic career, Jan and John F., who helped me pur-
sue what | was most about.

The thesis work in the book reveals the I went through. While there was
literature research, my understanding of bamboo’s properties and performance
was mostly based on to the material through of

models at different scales and sizes. | found that living on a bamboo farm for a
few weeks is much more valuable that spending hours and hours of dry reading.
Its not until you taste something that you truly understand its flavor.

The thesis consists of main . The beginning was focused on design/
build workshops along with pure research. After gaining some of the
material, | focused on exploring a and testing its ef-

fectiveness. This fieldwork was done in the summer of 2011 and was an incred-
ibly important part of the thesis. The tests allowed me to prove the proposed
concept and then lead to the third phase of the process - incorporating the
isolated joint into a The guidance of my advisors and
my patience with making small scale redundant models allowed me to find the
appropriate grid system and connections in order to build a complete structure.
As the goal of my work was to , the next stage was
the application of the system to a specific site + needs. The last few weeks of
December, | spent on building a half scale model of my proposal. With the help
of my wonderful crew, | was able to achieve my initial desire to build a house -
well part of it as least.

So, | am now going to dive into the details, and share with you my experience
with a material that is, | hope, worth your time.
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PHASE 1 .. .. .. .. A DIRECT EXPOSURE TO THE MATERIAL THROUGH +

FALL 20083 - SPRING 2011

what are the physical + mechanical properties of bamboo? what are the pro-
cesses it goes through before it can be used as a construction material? what
types of bamboo structures exist in the world? how is the material joined to-
gether? can we bend it? what are some other materials it can be combined
with? does it go through chemical treatments? why? where does it grow?
what are the environmental effects? what is it used for besides for building?

these questions among many others were the guidelines for this part of the the-
sis. literature along with hands on construction exercises revealed the amazing
qualities of bamboo and its slightly darker side,....this exposure to the material
allowed me to focus the work and develop a thesis proposal.
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My first exposure to bamboo was build-
ing a hygiene unit for a farming family in
Kapaau, Hawaii. With the guidance of
and , the team was
able to accomplish the task in 10 days (in-
cluding a total of one hour of beach time).

The design was based on low cost
and locally available materials. We
used common joinery techniques -
bolts and cement mortar filled poles.

Building the structure revealed the difficul-
ties of working with the material but it also
proved to us that it was feasible to build
with no previous experience. Even though
it was a small structure, the joining tech-
nigues were applicable to larger buildings.




During the summer 2010, we did a series of custom made metal pipe joints and tested their strength when incorporated into a truss
design. The experiments revealed that custom parts are verytime and effortintensive and do not necessarily work well with the nature of
bamboo. The dimensional inconsistency of the material and its fibrous nature do not allow for exact fit and strong connections. The work-
shop was helpful in directing our joinery exploration towards more traditional approaches that allow for the unique bamboo members.
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A very important part of researching bamboo was being intro-
duced to some of its strongest species. The table to the right
shows a list of some of the species that are most suitable for
building construction and compares their compressive and ten-
sile strength as calculated by Jules Janssen’s formula in \WWorking
With Bamboo. We took samples from different parts of the bam-
boo poles and found their yield strength by finding their densities.

Theworkwasimportantasitrevealedtousthedifferentwallthickness-
esofthedifferentspecies. Asthe strength ofeach poleisdependenton
its walls, the table was then used to find the most appropriate species
forusinginsomeapplications-structuraland non-structuralelements.



Table 2. Bamboo samples - mechanical properties.

Name

Bambusa lako

~ base

~ 12'

~ bottom of culm

~ 2/3 height of culm

Bambusa hirose

~ base

~ 12'

~ bottom of culm

~ 2/3 height of culm

Bambusa oldhamii

~ base

~ 12'

~ bottom of culm

~ 2/3 height of culm

~ 2/3 height of culm (dry)

Dendrocalamus brandisii
~ base

~ 12'

~ bottom of culm

~ 2/3 height of culm

~ bottom of culm (dry)

~ 2/3 height of culm (dry)

Dendrocalamus indo asper
~ base

~ 12!

~ bottom of culm

~ 2/3 height of culm

Height
(mm)

148.00
199.00

206.00
203.00

206.00
202.00
202.00

200.00
204.00
200.00
204.00

111.00
179.00

Diameter
(mm)

55.90
42.40

85.16
62.53

64.25
62.00
62.00

69.55
53.94
69.55
53.94

111.94
96.72

Wall thickness

(mm)

13.76
5.20
8.90
4.22

18.25
7.75
14.21
5.80

14.76
9.64
10.70
5.62
5.62

16.32
7.40
12.47
6.33
12.47
6.33

26.06
10.19
17.07
7.83

Volume
(m3)

0.000194
0.000101

0.000652
0.000210

0.000371
0.000201
0.000201

0.000447
0.000193
0.000447
0.000193

0.000564
0.000391

Mass
(kg)

0.30
0.13

0.75
0.28

0.45
0.38
0.13

0.48
0.20
0.24
0.10

0.63
0.30

Density
(kg/m3)

1543.27
1241.59

1150.05
1311.19

1214.15
1865.90
621.97

1062.63
1036.02
536.91
518.01

1107.30
766.87

Compression
(N/mm2)

16.98
13.66

12.65
14.42

13.36
20.52
8.09

11.69
11.40
6.98
6.73

12.18
8.44

Bending
(N/mm2)

23.15
18.62

17.25
19.67

18.21

27.99
12.44

15.94
15.54
10.74
10.36

16.61
11.50



One of the biggest challenges of working with bamboo is
to solve joinery issues. Due to the circular section of the
material, standard connection techniques do not apply.
Furthermore, each bamboo pole is unique in terms of its
wall thickness and node distribution. As longer members
are examined, a tapering effect is observed from one
end to another which makes joining even more difficult.

The studies diagramed here are exploring both traditional
and contemporary joinery techniques. Many cultures who
used bamboo as a building material used a lashing method
to stabilize their structures. The lashing was usually of an
organic material, palm tree leaves or bamboo skins. The
material was soaked in water and several members were
tied together. As the lashing dried, it tightened and created
enoughfrictiontopreventthe membersfromcomingapart.

Modern joinery methods usually include the use of metal.
There are many custom-made joints used by architects
that are able to hold very large members together. Metal
plates are inserted into the bamboo and held by metal
bolts. The metal joints are sometimes accompanied by con-
crete - the concrete fills the node of the bamboo that re-
ceives the bolts in order to make the connection stronger.




. WEAVING
Bamboo skin is shaved off of the
culm and used for weaving. Thick-
ness varies with the desired use -
walls, baskets, roofing etc

' Bamboo culms are split using a
p r O C e S S [ tool (right) into the desired

H number of parts. The pieces are
h arranged together to form sur-
faces.

Bamboo nodes are broken with
a hammer and the pole is open
and pressed to flatten. It is best
used in cladding exterior sur-
faces.

LAMINATING
Bamboo poles are cut and lami-
nated together either horizon-
tally or vertically in order to
create floor or wall boards.




Bamboo Restaurant DSA

. Hait Laurent Sant.Val

Bamboo diagrid structure

Sundanese House

Bamboo Bridge School,Li Xizodong, China
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Pavilon,Indian Ocean, Esan Rahmani

Bamboo Structure

Bamboo House, Benjamin Garcia Saxe

Bamboo Home Design

School, Anna Heringer, Bangladesh

- Bamboo Transport Station, Alejandro
Bamboo Housing, Valentin Oleynik

18



Ecolodge Bridge, Sim

Bamboo House, Kengo Kuma, China

Hanging Bamboo Bridge, Vetnam

Green School,PT BambuBall

Bamboo House, Ghana, SPG Architects
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Although bamboo grows in most climates,
its use for building construction is most
appropriate in specific weather condi-
tions - mostly tropical climates with high
humidity. It is important for the moisture
content in the material to stay constant
as its variation causes cracks. The regions
where it thrives best are along the equator.

The map on the right reveals bamboo’s
world distribution and therefore its pos-
sible applications. The other zone marked
on this map shows the regions of the world
with an economic constraint and with the
greatest need for housing structures.

The great overlap between the two zones
provides an opportunity for architec-
ture to make a difference by improving
living conditions. Developing a bamboo
structure that is easy to build address-
es the needs of communities in great
poverty. This map was one of the moti
vating factors that inspired the thesis.



bamboo distribution

regions of economic constraint
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absorbs 4 X

as much CO2

produces 35%
more O

maturesin| 3-5 yrs

spruce

compressive strength

tensile strength

5800 psi |

bending strength



Although bamboo is classified as a grass (in fact, it is the fastest growing grass in
the world), it is often placed in the same category as softwoods used for dimension-
al lumber in wood frame construction. It is interesting to note that although it has
many advantages over softwoods, bamboo has not been used to the same extent.

This is unfortunate as its mechanical properties and environmental effects
can be far superior From over 1000 species, there are more than ten spe-
cies that have greater tensile and compressive strength performance. Some
types have tensile strength of 10 000 - 30 00O psi as compared to 6000
for softwoods. Compressive strength tests show that the bamboo fibers can
hold up to 14 00O psi where softwoods generally range around 7000 psi.

Besides its mechanical performance, bamboo matures much fast-
er - in 3 to 5 yrs versus 60-100 for softwoods. It also produces 35%
more Oxygen and absorbs 4 times as much CO2 than most trees.

If bamboo is such a great building material with all these advantages over most
woods, it is inevitable to ask why it is not used as much as dimensional lumber?
While the excellent building and environmental qualities are widely known, its
unique nature makes it difficult to incorporate into a standardized building sys-
tem. Its hollow, circular section, dimensional inconsistency, and fiber organiza-
tion make it difficult to use with conventional building techniques such as using
intrusive fasteners, butting joins. Bamboo poles vary greatly in their diameter,
length, node distribution and wall thickness and therefore can’t be used in a pre-
decided manner - they need to be used in somewhat compromising conditions.
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1830's 1950's

o o o

POST + BEAM BALLOON FRAMING PLATFORM FRAMING

OO0 COOOEm skill level

OO OO EEE construction time
OOEOOEENE cost

OO EEE LI labor

OO OO use of tools / resources
HIRININININININIE fire resistance
HININININININInIE custom materials (parts)
HININ|NINININININ uniform dimension
OO0 E I intrusive fasteners
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The history of tectonic culture reveals that
bamboo, a major construction material,
has not been incorporated into the pro-
gression of lightframe construction. While
its excellent building qualities are widely

known, its unique nature makes it difficult system

to incorporate into a standardized build-

ing system. The lack of such a system dis-

courages architects and engineers from

using the material despite its strength

and positive impact on the environment. light-frame bamboo construction
BININININININIRIN

The thesis is addressing this gap by propos-

ing a light frame construction that allows

- i RINININININIEIRIN

for‘ non standard materials. The research non-standard

investigates how they can be used to be- O A

have as a system - incorporating imperfec- RININININININININ

tions and variations of individual elements. HINIRININININININ]
OOOOOoaan iIndividual members
HININININININIRIN
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Research reveals that bamboo is mostly
widely used in tropical regions that are ec-
onomically constrained. The image library
shows that most project can fall into two
categories at the extreme ends of a spec-
trum. At the one end are structures found
in extreme poverty conditions. At the other
end are highly customized large structures
built by skillful bamboo workers - cathedrals,
schools and other large scale projects.
There seems to be a gap for medium scale
residential construction. The material is
not commonly used for such purposes in
developing regions. Besides the difficul-
ties to work with bamboo, a large part of

the issue lies within the social realm - the
cultural perception of bamboo is still one
of the “poor man’s hut.” Many urban and
rural settlements in developing countries
use bamboo for shelter People in such
regions are reluctant to inhabit struc-
tures that are associated with poverty.
The thesis is challenging this misconcep-
tion by proposing a contemporary house
design to reveal the modern use of the
traditional material. The research explores
incorporating local materials in new ways
in order to design housing units that will
be culturally accepted. Cost and ease of
building are also among the challenges.

LIV

DIY

nfome

N | -
:  {
contemporary .

sultural  acceptance

.
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PHASER2 .. . . ... JOINERY EXPLORATION: + &

SUMMER 2011

what are the modern and traditional techniques that bamboo poles are joined togeth-
er? what are the advantages and disadvantages? what is more appropriate? can we
use metal bands to bundle poles together? do metal straps hurt the bamboo poles?
what are some ways to hold poles together? what are some of the forces the joint
needs to withstand? what are the required forces for residential construction code?

the summer work allowed me to develop a joinery proposal and test its feasibil-
ity. the testing was done at  Whispering Winds Bamboo, Maui, Hawaii with the
kind help of Rich, Virginia, and Gabe von Wellsheim and the rest of the crew.
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TRADITIONAL PASSING JOINTS | LASHING MOST SUITABLE FOR BAMBOO CONSTRUCTION
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| found that traditional methods, such as
passing joints and lashing members to-
gether, are much more appropriate for the
nature of the material than some current
technigues which involve custom made
metal parts and intrusive fasteners with ce-
ment fillings. Due to the biological organiza-
tion of the material - its fibers do not want
to be disturbed as that may lead to longi-
tudinal splitting and cause further struc-
tural failure. Based on these reasons, | fo-
cused on studying the traditional approach
of the passing joint and explored ways to
modernize its features in order to provide
a longer lasting and stronger connection.

This past summer, | did a series of small
scale design studies to find the most ap-
propriate column design - which led to my
proposal and the field work to test it. | fo-
cused on using small diameter members
as there is an abundance of them (in fact,
they very often go to waste) and they are
much easier to handle. Instead of using or-
ganic or synthetic lashing to hold poles to-
gether, | am proposing using a steel band
that is commonly used for traffic lights and
street signs. The band allows for achiev-
ing a great amount of tension and lon-
ger lasting connection. It is easily placed
with a tool above and below the jointing
place to form a three-dimensional column.

TEST O

BAND-IT
stainless steel band

3/4"x 0.030”
3/8"x 0.025"

WALL THICKNESS

3/8”

TENSION

~7-10

3
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BAND - IT TOOL

The technique shown to the right allows for incorporating the column, floor and
wall primary elements into one connection. The spacing between the primary
members also allows for the floor surface and wall elements to be attached easily.

Aftertesting small scale models, the most appropriate column design was developed.
It consists of four vertical members of 2” diameter and 5 horizontal mem-
bers passing through. (as seen in the image to the right). The column is built
as shown below. The horizontal members are placed between the vertical poles
as soon as several columns are set-up. The steel bands below the haorizon-
tals are placed, the horizontals put in place, and the top bands are placed last.







The main floor supports were woven and
strapped with the steel band. Since the
forces in the supports are smaller than the
main columns, the steel band used is 3/8".

Thesolidwallconsistsof 1"bamboopolesheld
together with the steel bands. It can be built
separately and then inserted between verti-
cal members of the columns. Because the
wall is solid, it provides some sheer support.
Some of the challenges included: curved
bamboo poles sometimes make it dif-
ficult to keep the wall flat and dense
enough. Also, attaching it to the main col-
umns may need to be developed further.

This type of wall is built as part of the struc-
ture. It is connected to the columns and
acts as a truss. It provides a much stronger
sheer supportthan the solid wall to the right.
The attachment of the diagonal members
needs to be developed further so that
they are held to the columns (as opposed
to just put in place ). The weaving of the
wall surface also needs to incorporate
the 3-dimensionality of the wall structure.






TEST 1

The first structure shown here had 4 col-
umns, main floor supports and diagonal
bracing for lateral support. It collapsed
inward after 1700 Ibs of weight due to
a point load on one of the top members.

38
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L

loading

failure

l

result

steel bands hold

All of the steel bands were
holding - they bent around the
bamboo poles which dismisses
the possibility of the steel cut-
ting into the fiberes. Also, the
horizontal poles did not slip
down due to the weight which
confirms the success of the steel
band in holding the joint.

point load failure

The structure held 1700 lbs of
load. It failed due to a point load
on one of the top bamboo mem-
bers that then caused failure on
all four sides simultaneously. The
structure collapsed inward.

compression

Theimage on the left shows

the compression failure of the
bamboo pole. It is important to
note that the NONE of the pieces
(fibers) actually tore apart. Once
we uloaded the structure, the
bamboos were able to take their
original shape - the fibers were
still holding!
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The second structure was slightly differ-
ent from the first attempt. It had much
stronger floor support net of primary and
secondary members so that the weight is
distributed more evenly. The floor members
were woven together in order to provide
some lateral support and the structure
needed for a floor surface. The columns
consisted of four main horizontal members.
The structure didn’'t have any lateral brac-
ing, which was the main cause for its failure.

The design of the floor uses the flexibility of
bamboo members and weaves the struc-
ture together Each of the compound
members resembles a truss and there-
fore the whole floor acts as one structure.

Doubling and quadrupling the horizon-
tal members provided much more sup-
port and made the weaving possible.
The bands hold the members together

Theimage onthe left shows the main column
that incorporates horizontal elements that
can be used for floor and wall supports. The
bands hold the passing members together.






TEST 2

The failure cause was a lack of lateral sup-
port After the floor supports deflected
for 27, the structure twisted and fell. How-
ever, before it failed, It held 2900 Ibs of
load which is the equivalent to 80 psf !l
where building code for residential con-
struction generally requires 40 - 70 psf.

1:1 tests provedthat structureisableto hold
the necessary loads for housing construc-
tion. The steel bands performed well-they did
not break, slip or damage the bamboo poles.

2900 lbs = 80 psf !

After removing the loads, the structure took
its original shape! Even with some of the re-
maining load on it, the fibers did not break. This
reveals the flexibility of the joinery technique.

42
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loading

failure

l

result

2" deflection

The horizontal members of the
structure deflected a little over
2" before the structure started to
twist due to lack of lateral
support.

crushing + twisting

The load applied a point load and crushed one of the top horizontal
members. (The bamboo species of that member had a thinner wall of
1/4" which caused the failure). As soon as the member failed, the whole
structure twisted due to a lack of lateral bracing.

steel bands hold

Even though the structure collapsed, all of the steel bands were still
in place and holding. They did not cut into the bamboo fibers, nor did
they break.
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PHASE 3 . . . . DEVELOPING THE BUILDING SYSTEM: +

FALL 2011

what is the appropriate spacing between columns? should the system follow a grid
or should it be more free form? what are the maximum spans of the bamboo mem-
bers? what about the height of the structure? what can be used for surfaces? what
are the enclosures made of - roof and walls? what diameter members is best to use?
how large can a structure be? what types of spaces does the structure allow for?

the system was developed by following a set of guidelines and mostly through
building small scale models. it is based on long spans and single members
passing through several connection points.
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Based on my studies with bamboo, | was
aware that there are many different varia-
tions to explore particular building strate-
gies - the material allowed for several ap-
proaches. In order to focus and narrow my
work to something applicable in real life, | de-
veloped a set of conditions to guide all of my
design decisions. This way, | was bound to a
limited set of joinery methods and materials.

The system is and is designed to
meet the of com-
munities in economic hardship. It is in-
spired by the non-standard and organic
- its circular section,
non-uniform dimensions, long span abil-
ity and weaving applications. Due to incom-
patibility issues, it
methods. There is no use of
intrusive fasteners, identical members,
butting joints, or large number of custom
parts. is necessary either.

The constraints | set lead to an innova-
tive joinery approach. The conditions al-
lowed me to focus on the few possible
materials and techniques and develop
a simple construction process with
low skill level and very few hand tools.



INCORPORATING A

BUILDING MATERIAL

AVOIDING TYPICAL

inconsistent
dimensions

intrusive fasteners

tensile strength

weaving
applications

long - span

circular section

natural material

X pe &)

electricity

T - joints

cement mortar

custom parts
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The system is based on a of columns, which allows for a maximum space of 8’ x 8’ between columns. Enclosed spac-

es can be larger, but may not be under 64 sf. Each column is composed of four vertical members and through.
The individual horizontal members are so that a single member passes through
to create a structure that acts as a . The maximum length of horizontal members is 30" and the vertical is 15°. The diameter of
these long primary members is around 2”. The joints are held together by the described earlier in the work. The system
follows a in order to the building process and minimize the number of specialized elements. However, the

if needed in order to allow for variation of spaces. In other words, the system can be to fit other needs.

S grid rotation

"i’ ””” area between columns A=72sf
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Once the general structure was developed, | focused on detailing the joinery tech-
nigues and enclosure strategies. It was important to incorporate the surfaces into the
structure without disturbing it or adding more members. The floor and roof were de-
veloped in a similar fashion. As the column design consists of a 3-dimensional joint, it
was interesting to explore ways to attach the secondary structure and surface layers.

The is composed of several layers. First, a secondary structure is wo-
ven into the primary 2" members. It is composed of split pieces of smaller diameter
bamboos (1”) woven together to provide more lateral support and the beginning of
a floor base. In order to even out the non-planar woven bamboo structure, a layer of
packed coconut fibers is placed on the frame. The top most layer is bamboo flooring
which, depending on the financial resources of the occupants, can be processed floor-
ing or flattened bamboo pieces attached to the frame by straps. In order to protect
the bamboo from getting wet, the edge detail includes a waterproof synthetic fabric.

The uses a strategy similar to the floor. The difference is that it uses two
separate frames with space between them. The lower frame holds a layer of coco fibers
for insulation (both from sun rays and also noise during rain storms) and the top most
frame is covered by waterproof synthetic fabric or corrugated metal depending on the
financial resources and local availability. There is a 6” air gap between the two frames to
allow for proper ventilation. The top frame is strapped to the lower frame in order to cover
the columns (which hold the lower frame and therefore pass above it). Due to the circular
section of the bamboo poles, the roof frames can be angled as necessary to shed water.

The composite sectional drawing along with the model on the next page re-
veal the connections from the foundation to the roof. All of the joints use the
same strategy. Only the edges of the frames have some additional members and
somewhat customized parts in order to add to the aesthetic part of the design.
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As most of the design, the column detail was also developed through construc-
tion. | built a full scale mock-up in order to test the proposed method. The struc-
ture allowed me to familiarize myself with the materials involved and the chang-
es that need to be made when particular design details are difficult to fabricate.

The illustrated below reveals all the necessary steps. It
involves a |-bolt that is precast into a main bamboo pole support that is 4” in
diameter and 2’ long. This support serves several purposes - it attaches the
column to the concrete foundation, it provides a base for the verticals to be at-
tached, and it takes the load of the horizontals of the floor that rest on it. This
support is then cast into the footing, which uses an 8" diameter sonotube that
is 1" above the ground level and 2’ underground. The metal cap shown in the
images is in order to shape the concrete footing with a slight slope for shed-
ding water and preventing the bamboo from absorbing much moisture. Once
the foundation is set, the rest of the verticals are attached and the horizontals
placed in between. Innertubes from bicycle tires are used to hold the column
elements all together and then finally all of the bands are placed and tightened.
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The of the design are illustrated on the previous page
and their possible application is shown below. | explored creative ways to
use low-cost available materials to achieve the desired spatial qualities.

This part of the system is focused on the , levels of
. After a series of analytical diagrams and small scale models, |
developed several options appropriate for the different spaces and orientations of

the house. Operable are available to allow for proper ventilation in the cooking
area, bamboo woven can be used for southern orientations to create light
patterns, walls with coco fibers for insulation create more private sleeping ar-
eas, and can be used for utility spaces like the kitchen and bathroom.

The3-dimensionaldesignofthecolumnwithfourverticalmembersandspacebetweenthem
allowsforall ofthe enclosure optionstobe .Itisimportanttonotethattheen-
closurescanalsobe andreplacedto create different spatialarrangements
depending on the occupants’ needs. The design of the floor plan is therefore quite

corrugated metal

woven bamboo

ENCLOSURE STRATEGIES
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To conclude this section, the whole structure is based on redundancy. Main structural members are actually com-
posed of several smaller poles. This redundancy in the system is necessary in order to work with the non-standard na-
ture of the material. Several small diameter poles are easier to control than one large diameter pole. Also, the small-
er members allow for the 3-d column design, which then incorporates the rest of the structure and enclosure of the house.
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PHASEA4 .. . .. . . CONTEMPORARY FARM LABOR DWELLING: APPLICATION
FOR

FALL 2011

what are the climate conditions of the site? how do these conditions affect the design?
what are the community needs? how does the community see bamboo construction?
what are the costs associated with the project? what sort of time frame can a dwelling
be built in? how many people are needed and how permanent is it? how do we make
design decisions in order to create contemporary elements that receive cultural ac-
ceptance? who will be occupying the house? will the needs of the occupants change?
what are the possible expansion strategies? what inspires the design of the house?

learning about the community and their needs was the main guideline for de-
signing the dwelling. it was inspired by local Hawaiian architecture and the no-
tion of outdoor living. Although the design is for a specific community, | am
hoping to be able to apply the concept to other regions of the world.
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The community | have been working with is
located in ......well, . Itis in Kipahulu,
on the island of Maui in Hawaii. It is primarily
a farming community that grows bamboo,
coffee, fruits and vegetables to sustain it-
self and support a micro economy. It is in-
terested in reforestation of the region and
a culture of living in harmony with the land.

The region has quite a strong topographical
variation.Itislocated onthe side of a silentval-
cano and is cut by a series of gorges. These

conditions provide an and pri-
marily tis a

andonthe oftheisland. Itis a rainfor-
est with and

The site conditions were important to un-
derstand as the design was developed.
Such conditions are typical for tropical
climates and therefore any of the deci-
sions made could be used in other regions
of the world having the same climate.
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SITE CONDITIONS AND THE FARMING COMMUNITY Kipahulu Maui Hawalii
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The particular site | have chosen is on an organic farm, .
It is a 20-acre bamboo farm working on reforestation of the region and supporting a

on the islands - they are trying to incorporate bamboo in many aspects
of life such as food, shelter, farming, and micro-economies. The farm is harvesting con-
struction grade bamboo poles of various diameters and are interested in using it to
build structures to house the staff but also to promote bamboo building on the islands.

The on the farm is primarily apprentices that are in a relation-
ship and stay on the property anywhere from a few months to a few years. They
are involved in all of the farming tasks and are therefore familiar with the bam-
boos. Apprentices currently live in houses made from dimensional lumber pur-
chased from large corporations that buy the material from remote locations.

As the farm is interested in a community, they would like to build future
structures using - the bamboo harvested from the farm. The commu-
nity needs what is best described as . The nature of this lifestyle
sets certain living conditions - the structure units need to house several individuals
that may be a family or unrelated adults. It needs to have a somewhat floor
plan and interchangeable partitions and the possibility of incremental

Since the material will be harvested from the farm, the construction of the house will
depend on the availability of materials - the more material is harvested, the more
structure can be added. As an example - in stage 1, the core house will be built for
a couple. Stage 2 would involve the addition of a sleeping area for children. Stage 3
would involve more sleeping areas and the transformation of the core house into a com-
munal space. Since the maximum lifespan of the treated bamboos is 25-50yrs, at the
end of its life, the structure will be disassembled and recycled into mulch for the farm.
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farm labor

Ayoung or
unrelated farmers are the
most probable inhabitants
of the dwelling in its initial
stage. The core house
accomodates bathing /
cooking, community and
one or two sleeping areas.

As children join the par-
ents, more sleeping area
is necessary and privacy
becomes more of an issue.
The separation of sleeping
(areas important part

M

O

When mor ul
the house, itional a

separated sleeping spaces
surround the core house
which becomes only for
communal use.

This phase marks the end
and new beginning of the
building process - also a

new generation of inhabit-

PHASE A:

core house

~{V/]| community

4 V] core (wc/ cook)

e V] sleeping

PHASE B:

addition

~{V/] community

F |V core (wc/ cook)

Y = fm sleeping

PHASE C:

sleeping spaces

A V] sleeping

~|V/]| community

1 V]| core (wc/ cook)

= |V sleeping

PHASE D:

core house

|elialew a1sem .— J

= V] sleeping

= V] community

~ V] core (wc / cook)
4+ |V sleeping
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The final stage of the design exercises was
the core house dwelling. After examining the
community needs and local architecture,
the plan to the right was developed. It was
inspired by the traditional Hawaiian lanai - a
covered porch surrounding the whole house.

Theproposaliscomposed ofanopen 30°'x30°
square plan with 4’ covered lanai. The house
is mostly open with weatherproof areas for
sleeping, bathing and gathering. Such areas
will be enclosed during strong rains and
wind. During calm weather, the whole house
can be open. It has two entrances - main en-
trance for coming into the space from the
road, and a back entrance for access to the
outdoor area behind the house. The gath-
ering space includes a kitchen, dining area
and living room space. It acts as the focus
of the house as it will be occupied the most.

Operable panels allow for some control of
ventilation. There is a clerestory above the
kitchen / bath for warm air to escape. Dur-
ing severe storm conditions, the house is
mostly open so winds can pass through it.
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As the farming community chang-
es, the dweling needs to adapt to
the different needs of the occupants.

The structure allows for flexibility within
the core house that can be achieved by
changing the partition walls and rearrang-
ing the floor plan. It also allows for expan-
sion by attaching more structure to the
core house - either directly onto the ex-
isting structure or by building additional
structures that follow the original grid
and connecting them to the main house.

The plans to the right show how the core
house can adapt as the spatial needs
of the occupants change. The beginning
phase includes several covered areas
that are an extension of the column grid
and can be used for farming tools / sup-
plies. These areas can later be built into
sleeping spaces that are connected to the
main house. With more occupants, all of
the sleeping spaces will eventually be addi-
tional structures in order to allow the core
house to become larger communal space.
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Since one of the conditions | set for my-
self in the beginning was to keep the
house at a low-cost, | did a cost analysis.

The construction process was divided
into five stages and | estimated the neces-
sary materials, cost and time for each stage.
It is assumed that four to six people are
working on building the house. The im-
ages show the breakdown of necessary
materials, cost, and time for each stage.

The core dwelling is estimated to cost
around $7000 and take close to 350 con-
struction grade bamboo poles erected in
a little over 2 weeks. Since the structure
is built on the bamboo farm, its incremen-
tal additions will happen as more material
is harvested from the farm. It is estimated
that 1 acre of bamboo plantation gives
around 200 poles per year. Depending on
the size of the plantation and housing needs,
the community can build what they need.
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PHASES . . . . . BUILDING A TO TEST THE FEASIBILITY OF THE DESIGN

FALL 2011

what are the challenges of building with the actual material? how large of a
structure needs to be built in order to test the system? will the smaller diameter
bamboo behave the same as the larger ones? how many people are needed to
build the structure? how are the details designed and constructed? is the structure
stable enough to hold the necessary weight? what types of issues will arise while
building the structure? what are the surfaces made from? floor layers and roofing?

building the large scale model helped me solve many of the issues | dealt with
in the design. however, it also revealed the challenges that arise when building
full scale structures.
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The final two weeks of the thesis were spent in exploring the details of the design in a
half scale model (shown in the images below). The model was constructed by a crew
of non-architects with no previous building experience. This was important to the proj-
ect as it proved that the system is easy to use by people with no particular skill set.




Constructing the model was very helpful for the process. It helped me achieve my orig-
inal goal of realizing my proposed concept. By building it, | was forced to solve many
guestions | had about the design details and certain connections. It also provided me
with the opportunity to work with the real material and explore its behavior. The slightly
larger scale and size of the actual piece was a step closer to building an actual house.







Building the model clarified many issues
about certain connections and details,
and of course, revealed many design de-
cisions that needed further exploration.

The edges of the floor and wall structures,
for example, needed additional bamboos
and different strapping strategies in or-
der to complete the design. Attaching the
roof fabric required a bamboo pole to be
inserted in a sleeve and then tightened
and wrapped around the structure. Also,
the floor top most surface (flattened bam-
boos]) was satisfactory for the moment
but in reality needed to be much more
even and carefully attached to the frame.

Unfortunately, the weather did not al-
low for much wall exploration. The main
idea was that they would be easily in-
corporated into the space between the
columns. The image to the left shows
how fabrics can be wrapped around
the columns to create some partitions.
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The model was built by six people in a
timeframe of six days. It did not require
any special skill, nor did it use any elec-
tricity. It allowed me to explore the mate-
rial a bit further and to deal with its unique
nature. Building the large model was ex-
tremely valuable for the thesis work. It
proved that the concept has the potential
to be developed into a real life application.
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The final thesis presentation is a moment every mas-
ters student fears and is greatly excited for. It is the
moment of fame, and the moment which marks free-
dom.

The combination of having slept a bit the night before,
having my family and friends there and the support of
my thesis committee made the presentation exactly
what | had hoped for - a time to share with the audience
what | had been working on so passionately for the last
two years and to receive their comments and feedback.

The discussion took a couple of different directions

that were all valuable to mention. The strict grid of the
system was questioned and if there is a potential for a
more free form and therefore some customizing. The
joinery techniques and the properties of the material do
allow for this direction to be explored at the expense of
skill level and cost. Another important comment was the
application of the system in other regions of the world.
As mentioned in the book, the design of the dwelling was
to serve the farming communities in Hawaii but the gen-
eral system concepts are applicable for other regions
sharing the same site and climate conditions.

The discussion concluded with a question on what the
next step of the work is - how the new knowledge will be
distributed to reach individuals interested in this type of
building. Whether is it in the form of a pamphlet, a kit of
parts, or workshops, the work has the potential to reach
real life applications.
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THE END

As John F. said during my defence,
the master’s degree is completed in
order to explore a subject in great
depth and become somewhat of a
master at it. This thesis work al-

lowed me to achieve that by learn-
ing a great amount about a mate-
rial and its possible applications.

Working with bamboo for the last
couple of years made me really pas-
sionate about it and interested in
pursuing its applications even fur-
ther. Building a full scale prototype
house and testing its feasibility is

going to be the goal down the road.

As for the immediate future, | am
moving to Hawaii and working with
the community in Kipahulu. | am go-
ing to build a couple of small scale
structures including an ice-cream
stand / pavilion.

So, the end for me is actually the
beginning of something challenging
and very exciting. So, | am out to

“Live my Passion.”
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