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Bambooklet: A Guide to Bamboo

Bamboo is an exceptional material. It can grow in almost any climate, but it is native to the 
tropical and sub-tropical areas. Although it is a very light material, bamboo is stronger than 
steel in tension, and more resistant than concrete in compression. Bamboo can be used at 
any stage of its growth, from early stages as a food, paper, and clothes, to its later stages 
for furniture, scaffolding, and finally as a building material. 

As a plant, bamboo has remarkable ecological properties. It grows naturally without requir-
ing fertilizers or pesticides, and it can capture carbon from the atmosphere and release 
35% more oxygen than equivalent stand of trees. Additionally, because of its high nitrogen 
consumption, bamboo roots help mitigate water pollution by removing toxins from contami-
nated soil. And because bamboo regenerates within only two to three years - compared to 
trees that can take up to 10-20 years - it can serve as an alternative material to wood. In 
addition to its unique material characteristics, bamboo performs exceptionally well and sur-
vives under extreme conditions, such as fire, earthquake, cyclone, and even nuclear blasts, 
but also has the ability to prevent earth erosion, water run off, and mud slides. 

But above all, bamboo is a highly sustainable material, not only because of its exceptional eco-
logical properties, but also due to its socio-economic value. Because of its rapid growth, har-
vesting bamboo can be quite frequent and the return on investment comes much quicker. As 
a result, bamboo plantation projects are economically more appealing especially for farmers 
with little capital. In addition to that, because of its lightness and ease of handling, bamboo can 
serve as a social agent in creating jobs and empowering women in under-served communities.

Today, the complex nature of our problems – climate change, scarcity of our resources, 
and rapid urbanization - require a transdisciplinary approach. We need to re-think housing 
models, neighborhood typologies, energy and infrastructure, mobility and transportation, 
and finally building materials and construction technologies. In fact the building and con-
struction industry is a major contributor to climate change and a key player in sustainable 
development. According to the International Energy Agency, buildings account for up to 40 
percent of the total consumption of energy. But oftentimes a small-scale change, such as 
exploring materials and construction technologies, can have a larger impact on potentially 
addressing some of the pressing issues of our time. 

But despite all this, we still know relatively very little about bamboo. There are over 1500 spe-
cies of bamboo worldwide, yet the theoretical knowledge and practical application of bamboo 
have largely remained localized and have not been disseminated. Our research presents itself 
as a guidebook, which provides the basic introduction in using bamboo, and combines the con-
temporary knowledge on plantation, harvesting, treatment, and handling of bamboo, together 
with its application in construction and design. “BAMBOOKLET” promotes the application of 
bamboo as an ecological as well as socio-economic agent for sustainable growth and develop-
ment in low-income communities especially in the tropical and sub-tropical areas worldwide.  

Marta Anna Nowak
AN.ONYMOUS
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Bamboo is the most diverse 
and primitive group of 
plants in the grass family, 

and has one of the highest rates 
of photosynthesis of any plant 
species in the world. The main 
structure of bamboo comprises of 
rhizomes, culms (canes) and culm 
branches (with leaves). There is a 
regular succession of nodes and 
segments in rhizomes, canes and 
branches.

Rhizomes
All bamboos spread via under-
ground rhizomes that are differ-
entiated in respect to their growth 
to two categories: clumping and 
running. In clumping bamboo 
the rhizomes tend to spread slow-
ly, only travel a few inches from 
the main plant and emerge from 
the ground as new culms, while 
in running bamboo the rhizomes 
may grow horizontally and spread 
widely underground several feet in 
many directions, grow new culms 
and break through the surface.

Culms (Canes)
Unlike trees, young new culms 
emerging from the ground will 
maintain their initial diameter 
their entire life. The height a new 
culm reaches in its first year will 
also be its final. Young plants de-
velop thicker and taller culms in 
subsequent seasons and reach 
maturity of size in 5 to 10 years - 
depending on specie and environ-
mental conditions. 

Branches
Branches and leaves are formed 
at the culm nodes, and they do 
increase in number each year on 
older culms. Young leaves regu-
larly replace older ones, however, 
since bamboo is evergreen the 
change of leaves is hardly notice-
able throughout the year. Bam-
boo is also incredibly adaptable to 
local environmental conditions. 
The habit of a particular species 
can vary considerably according 
to different planting sites.

ANATOMY OF BAMBOO
AND ITS INTERNAL STRUCTURE

© 3dham.com
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bamboo in respect to their growth 
pattern: “clumping” (sympodial) 
and “running” (monopodial). 
All bamboo types spread via un-
derground rhizomes. Clumping 
bamboo rhizomes tend to spread 
slowly, travel only a few inches 
from the main planting – expand-
ing the root mass gradually - and 
emerge from the ground as new 
culms. Running bamboo rhi-
zomes, on the other hand, may 
grow horizontally and spread 
widely underground several feet 
in many directions - creating a 
new tract of rhizomal net - grow 
new culms and break through the 
surface. Running bamboo spe-
cies are known for their tendency 
to spread, however the measures 
are depend on their species, soil, 
and climate conditions. On aver-
age a rhizome stolon will grow 
in length by 1 - 6 meters per year 
with an average life span of ten 
years. At irregular intervals the 
lateral buds produce single cane 

stems from which new canes grow 
upwards.  While monopodial 
bamboos - including the genera 
Phyllostachys and Pleioblastus 
- are usually found in temperate 
regions, the natural habitat for 
sympodial bamboos, like Bam-
busa, is tropical regions.9 Some 
species can send out runners of 
several meters a year, while others 
can stay in the same general area 
for long periods. Monopodial 
bamboos need to be taken care of 
in cultivation because of their po-
tential for aggressive and invasive 

behavior. If neglected, over time 
they can cause problems by mov-
ing into adjacent areas. 

WHAT IS BAMBOO? Bamboos are woody pe-
rennial evergreen plants 
mainly grown and cul-

tivated in the tropics. Although 
a member of the grass family, 
bamboo’s strength, stability, and 
durability make it a dynamic and 
powerful product of nature. Bam-
boos are also the fastest growing 
plants on Earth. Because of their 
extensive rhizome-dependent 
system the growth rate can nor-
mally reach up to 60 cm within 
24 hour,1 and in some rare cases 
exceeding 121 cm (47.6 inches) 
within the same period.2 For ex-
ample the shoots of Bambusa 
tulda elongate at an average rate 
of 70 cm per day.3 

Bamboo’s  growth rate also de-
pends on the kind and quality 
of its soil and climate. In prehis-
toric times bamboo could grow 
up to 75 m (250 feet) high.4 To-
day some species of bamboo - like 
Dwarf bamboo – can only grow a 

few centimeters while other spe-
cies may reach a height of 20 to 
30 meters, and can grow up to 
30 cm in diameter.5 New bam-
boo culms achieve maturity and 
maximum strength in only three 
to four years. 

The rhizome systems (roots) are 
important to bamboo since they 
provide the nutriments to its 
culms, but they also allow bam-
boo to reproduce.6 The dense rhi-
zome system lies primarily on the 
top layers - within the top 6” to 
12” - of the soil.7 As a result, bam-
boo plays an essential role in soil 
stabilizing on the slopes and riv-
erbanks, preventing erosion and 
landslips, and therefore secur-
ing  the hydrological function of 
catchments and rivers.8 Bamboo’s 
roots also delay draining and 
soaking away of rainwater, serving 
as a natural moisture store.

There are two main categories of 
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TAXONOMY OF BAMBOO

Kingdom: Plantae

Division: Magnoliophyta

Class: Liliopsida

Family: Poaceae

Subfamily: Bambusoideae

Supertribe: Bambusodae

Tribe: Bambuseae

In 1778 the Swedish botanist 
Carl von Linne, the father of 
modern taxonomy, named 

the bamboo species after the In-
dian word ‘Mambu” or “Bambu.”

Throughout the world there are 
about 90 genera, and between 
1000 to 1500 different species of 
bamboo,1 64 percent of which are 
native to Southeast Asia.2 Despite 
this, very little is known about 
the distribution and resources of 
bamboo. Certain bamboo species 
(e.g. Chinese Moso bamboo and 
Phyllostachys edulis) have formed 
the basis for major industrial de-
velopment and have been domes-
ticated into plantations. 

Perhaps about 50 to 100 bamboo 
species are preferred for use in 
construction and are undergoing 
some degree of domestication. 
However there are estimated to 
be nearly 1500 species in total. 
The vast majority of these oc-

cur only in their native ranges, 
and many may have uses of local 
or wider significance that have 
yet to be documented. Unfortu-
nately, as obligate components of 
forested ecosystems, their futures 
are bound up with the survival of 
their forest habitats.3

Description of bamboos has 
therefore remained an ongoing 
process to this day. Not only there 
are new species that remain to 
be discovered or described, but 
many earlier descriptions and 
classifications of species also need 
to be revisited or improved. With 
increasingly development in tech-
nology, and techniques of iden-
tification and classification, new 
discoveries and reclassifications of 
bamboo species will continue for 
some time. 

Bamboos can be found in diverse 
climates ranging from hot trop-
ics to cold mountains, however 

they prefer humid habitats of the 
cloud forest and low land tropi-
cal jungles. Most bamboo species 
grow at temperatures from -28°C 
to +50°C. They occur naturally 
on every continent except Europe 
and Antarctica but more com-
monly in the wide belt between 
the Tropics of Capricorn and 
Cancer. They inhabit East Asia 
starting at the 50°N latitude and 
growing down to North Austra-
lia, across India and Himalayas, 

sub-Sahara regions all the way to 
Northern and Southern America 
reaching the most southern point 
in Argentina at 47º S latitude. 
Bamboos can also be found at alti-
tudes of up to 3800 meters. Bam-
boos grow mainly on sandy loam 
to loamy clay soils. Although, 
they prefer well-drained soils and 
even grow in wet and muddy ar-
eas, bamboos do not tolerate sa-
line soils.1 (figure1)
More than 20 million tons of 

bamboo plant all over the world 
are harvested every year and close 
to three-fifths of it are in India and 
China.2 The remaining part is 
harvested in Latin America, sub-
Sahara region and small amounts 
in North America. In North 
America there are only three na-
tive species of bamboo in compar-
ison with 440 species that occurs 
in Latin America. 3 (figure2)
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This page illustrates some other ap-

plications of bamboo. Bamboo is be-

coming more popular in the western 

hemisphere, and the scope of its use 

has reached modern furniture, bicy-

cle, and even clothing. 

© Brano Meres Design© Anthony Marschak, Moden Bamboo
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Due to its longitudinal fi-
bers, freshly cut bamboos 

are very flexible. Although, after 
drying and treating bamboo be-
comes generally rigid, and this ri-
gidity increases with larger diam-
eter of bamboos, it is still used as 
an earthquake resistance agent.

The maximum flexibility of bam-
boo can be reached between 6-12 
months bamboo. This is also the 
best time to bend bamboo to cre-
ate curvy forms and domes. Once 
bamboo is dried it will maintain 
its form. 

More recently even bamboo 
culms are grown in non-circular 
frames – for instance squared or 
hexagonal – in order to achieve 
variation of form in cross section. 
This is said to allow for creation 
of better joints and connectors, 
as well as facilitating storage and 
transportation.

FLEXIBILITY &  VERSATILITY Bamboo is relatively a very 
light material – especially 

because of being hollow. This 
quality of bamboo makes trans-
portation much easier and more 
energy efficient. 
It also splits easily for weaving 
and is thus easy to handle even 
for women, and therefore a new 
mean of economy and labor.

Bamboo’s complex rhizome 
systems provide many ad-

vantages and various functions. 
The extensive rhizome network 
stitches the soil, prevents it from 
erosion and reduces soil com-
paction and hardening. The root 
systems may also prevent a water 
runoff and can hold up to twice as 
much water in the watersheds. It 
is therefore particularly useful in 
the fragile riverbanks, earthquake 
zones, and mud sliding areas.

LIGHTNESS

SOIL STABILIZING ROOTS

© nArchitects © Bamboo Land, QLD, Australia 
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Bamboo’s technical qualities 
and lignifying cell construc-

tion appear to be quite similar to 
that of wood. However, wood is 
much stronger in the middle parts 
and is weaker on the outer parts, 
whereas bamboo functions in the 
opposite manner: It is much hard-
er on the outer parts - compared 
to the middle parts - which makes 
it a better material for stable fiber 
structures especially in building 
construction.1

Bamboo is considered among the 
greatest building materials since 
it is strong both in tension and in 
compression. In structural tests, 
bamboo showed a higher tensile 
strength than many alloys of steel, 
and a higher compressive strength 
than many mixtures of concrete.2 

While tensile strength is often 
said to decrease through the life 
span of bamboo – especially af-
ter 5-6 years of age, the compres-

sive strength grows with age. In a 
structural test, 6-year-old culms 
showed 2.5 times the compression 
strength than that of one-year-old 
culms. 3

Bamboo’s darker outer zone is 
build up of densely packed fibers 
with tensile strength of three 
times stronger than the white 
inner zone. Therefore, bamboo 
tubes behave well at compres-
sion and unlike wood, no sudden 
buckling nor cracking occurs on 
tube walls when compressed. 

At the nodes however, the tensile 
strength is moderate since the fi-
bers run rowdy. The nodes, there-
fore, reduce the tensile strength of 
the culm. 

On the other hand, cane cut-piec-
es with nodes showed approxi-
mately 8 percent higher compres-
sion strength value compared to 
those without nodes. In tests with 

STBILITY & STRENGTH compression load perpendicular 
to the culm axis, the nodes cause 
strength values up to 45 percent 
higher than in tests with tube sec-
tions without nodes. 

Further, due to its hollow tube 
bamboo posses a much higher 
flexural strength (resist deforma-
tion under load) in comparison 
with the solid bar. Comparing 
bamboo with steel, bamboo ten-

sile strength is 28,00 pounds per 
square inch versus 23,000 pounds 
per square inch for steal.4 

However, shear fractures are the 
most frequent failures in bend-
ing tests. These are favored by 
drying cracks parallel to the culm 
axis. The internodes in which 
high shear stresses occur should 
therefore be filled with concrete. 
In case of shear failure, there will 

always remain a load-carrying ca-
pacity of the two halves.

Breaking behavior in wood also 
differs greatly from that of bam-
boo. In bamboo, unlike wood, 
there is no spontaneous break 
through the whole material after 
the tearing of a single fiber. The 
clefts are led off immediately in 
the direction of the fibers and 
therefore they impair the critical 

kN/cm Spruce Bamboo Steel (St 37)

Elastic Modulus 1100 2000 21000

Compressive Strength 4.3 6.2 - 9.3 14

Tension Strength 8.9 14.8 - 38.4 16

Bending Strength 6.8 7.6 - 27.6 14

Shearing Strength 0.7 2 9.2

BAMBOO STEEL SPRUCE

2

© Kitzo Technologies

66 67

Friction-tight Rope Connections

2_Knot and Bolt Connection

Knot and Bolt method combines 
Friction-tight Rope method de-
scribed above a secondary inter-
locking element. A bolt is insert-
ed through a pre-drilled cane and 
is screwed at the end. In this case, 
the bolt transfers tractive and 
compressive forces.32 The holes 
cannot be made too close to the 
end of the cane since they might 
cause the culms to split. Also pre-
drilling is advised to avoid crack-
ing of the fibers. This method 
recommended for bamboos with 
greater diameter.33 

Carvings used in connecting bamboo pieces

With a cap With two caps Beveled cut Flute tip Fish mouth

Figure 0_0: Cutting process of bamboo pieces with one or two caps

a. b.

c. d.

© Abari.org
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Marking the cut lines

Knot and Bolt Connections

Figure 0_0: Cutting process of bamboo pieces with beveled cut, flute tip, 
and fish mouth: The angel of the cut lines vary according to use.

Beveled cut Flute tip Fish mouth

Figure 0_0 (Above): An example 
of a friction-tight rope joint with a 
flute tip bamboo piece tied with 
organic ropes.

Figure 0_0 (Left): Two ways of 
connecting a beleved or flute tip 
bamboo piece with a wooden 
board or another bamboo.

7.a 7.b 7.c

3.a 3.b

5.a 5.b

4.a 4.b

6.a 6.b
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8.a 8.b

9.a 9.b

10.a 10.b 10.c

Knot and Bolt Connections

11.a 11.b

12.a 12.b

13.a 13.b

Example of knot and bolt con-
nections, often used with one an 
addition of one or two arms. The 
photo on the right illustrates the 
application the combination of 
these joint systems.

© Claudio Acioly
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14.a 14.b 14.c 14.d

15.a 15.b 15.d

16.a 16.b 16.c

17.a 17.b 17.c

Knot and Bolt Connections

15.c
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18.a 18.b

19.a 19.b

3_Positive Fitting

Positive Fitting is a traditional 
method often used in wood con-
nections. It is not a popular meth-
od to practice with bamboo due 
to the geometric difficulties of the 
material. Holes of different kinds 
need to be cut into bamboo to al-
low for other bamboo culms fit 
and connect. 

20.a 20.b

20.c 20.d 20.e

Positive Fitting ConnectionSome bamboo joints, especially 
those with thinner walls or cut 
close to the end, may not be 
able to hold the weigh of another 
structure and break. (Figure 20.a 
and 20.b.)

In this case, often a smaller piece 
of another bamboo or a piece of 
wood is fitted inside to improve 
the strength of the joint. (Figure 
20.c to 20.e.)© Abari.org© Abari.org
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22.a 22.b

Positive Fitting Connection

21.b 21.c

18.21.

22.

23.a 23.b

24.b 24.c

23.

21.24. 18.
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22.a 22.b

Positive Fitting Connection

21.b 21.c

18.21.

22.

23.a 23.b

24.b 24.c

23.

21.24. 18.
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ECONOMY OF BAMBOO
 LOW-COST & INCOME GENERATION Harvesting bamboo can 

be quite frequent, and 
therefore return on investment 
comes much quicker compared 
to investment in tropical timber 
plantations for instance. As a re-
sult, bamboo community forest-
ry projects are economically more 
attractive, especially for small 
farmers with little capital. 

Also, in rural development, there 
is a considerable potential for 
bamboo’s use in projects aimed 
at providing sustainable econom-
ic opportunities for the poor. The 
high yield capability makes bam-
boo a good cash crop for income 
generation, and therefore a good 
investment development especial-
ly in rural areas.

Bamboo’s cost is usually very low 
because it is widely available in 
the regions where it grows natu-
rally, and also it can grow in poor 
quality and overgrazed soil with 

poor agricultural techniques. In 
most countries where Bamboo is 
grown it is available for less than a 
US Dollar per culms.

Bamboos play an important role 
in local economies and their na-
tional and international commer-
cial value is increasingly growing 
especially in the Asia-Pacific re-
gion. Bamboos are multipurpose 
crops, with more than 1,500 doc-
umented uses. 

According to INBAR, more than 
2.5 billion people trade in or use 
bamboo worldwide. Domestic 
trade and subsistence use of bam-
boo are estimated to be worth 
US$ 4.5 billion per year. Global 
export of bamboo generates an-
other US$ 2.7 billion. 7Figure 0_0: The cost-analysis below 

illustrates the costs required to set 

up and maintain a bamboo factory in 

Indonasia.

- Environmental Bamboo Foundation “Ver-

tical Soak and Diffusion; For Bamboo Pres-

ervation.” Ubud, Bali. 2003  

FINANCING BAMBOO

© Hedi LaBel
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Bamboo has a high content 
of silicate in the outer skin 

and high density, which make 
it a good fire resistant material. 
Bamboo’s fire resistance can also 
be increased by filling the culm 
with water. Bamboo culm can 
stand temperature up to 400Co 
while the water inside the culm is 
boiling.  9
Bamboo can also be used as a 
windbreak, a noise and climate 
buffer,

Bamboo is an extremely re-
silient material. Bamboo 

plants managed to survive the nu-
clear blast at Hiroshima at a point 
closer to ground zero than any 
other life form. 10 More recently, 
houses constructed of Guadua 
bamboo are designed to fight the 
often-deadly Costa Rican earth-
quakes. 11 The houses that were 
in the epicenter of 7.6 magnitude 
rector scale earthquake survived 
without any damage in Costa 
Rica.12

WATER & FIRE 
RESISTANCE

EARTHQUACK & CYCLONE
RESISTANCE

400o C

150o C H
2
O

Figure_0.0: Fire resistance of  a 

bamboo cane filled with water
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raw material, and in some of these 
countries wood has gone beyond 
the reach of the low-income hous-
ing. 

In these areas bamboo could be 
a viable option or an alternative 
to wood. During disasters in de-
veloping countries, the general 
tendency is that affected people 
build temporary shelters nearby 
forest by cutting trees, which is 
environmentally and economi-
cally not a good option.

As a feasible substitute, bamboo 
could control indiscriminate cut-
ting of rainforest trees. Bamboo 
can also help re-establish habi-
tat for a large number of insects, 
birds and animals that have been 
displaced. 

In Costa Rica, 1000 houses of 
bamboo are built annually with 
material coming only from a 
60-hectare bamboo plantation. If 

they were to use timber, it would 
require 500 hectares of the di-
minishing rainforests.17 One 
clump can produce 200 poles in 
the three to five years.18

By establishing bamboo planta-
tions and growing bamboo on a 
bigger scale the implications of 
using bamboo abilities to pro-
duce more oxygen than a stan-
dard three and to reduce not only 
carbon but also the green houses 
gas emission can help in mitigat-
ing a problem of climate change/
pollution. 

Because of its sustainable values 
it could “realistically replace and 
supplement tropical threes in 
many industries that are facing 
raw material shortages.” 19
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VS.  BAMBOOWOOD

SUSTAINABILITY
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Due to its longitudinal fibers, freshly 
cut bamboos are very flexible. 
Although, after drying and treating 
bamboo becomes generally rigid, 
and this rigidity increases with 
larger diameter of bamboos, it 
is still used as an earthquake 
resistance agent.

Harvesting bamboo can be quite 
frequent, and therefore return 
on investment comes  quicly. As 
a result, bamboo community 
forestry  projects are economically 
more attractive, especially for small 
farmers with little capital.

Improperly harvested bamboo, 
regardless of the species, can 
survive only between 2 to 5 
years before being deteriorated 
by insects.  Overlooking this 
fundamental issue can cause rapid 
deterioration of the buildings.

REGIONAL CONCERNS

The tropical conditions of the subtropical region 
requires different formal and structural systems
in building development. Heavy rains and sunlight are 
among the signifact charactristics of the region, which 
urges a different rationality in building developmments. 
Among the most crucial aspects are roofs and 
coverings. With the growing concerns on issues of 
sustainablity and golbal warming, it is important to 
rethink different ways of ventilating and shading, as well 
as consuming and producing energy in the building. 
The building takes full advantage of the energy with the 
roof machine. It uses the sliding roof for shading, which 
essentially cools down the space. It also collects the 
water from the rain and directs it to an area for proper 
use. The form of the strcuture along with the shading 
will allow of a cooling system, which direct the wind-air 
from the jungle, in and out of the building. This system 
becomes even more effective when its raining since the 
roof structure is also filled with water.

ROOF MACHINE

The idea of roof machine was invented after series 
of analysis on the natural conditions of the tropical 
areas, and the characteristics of bamboo as a potential 

structural material. The aim was to design a natural 
moveable roof that can protect the space from sunlight 
and rain, and at the same time collect water and allow 
for ventilation. The roof machine consists of series of 
bamboo cut in half, which are then inverted offset and 
coupled. The pieces are then connected by a simple 
joint that allows circular movement of the pieces. A 
long piece of metal connects the joints through the 
piece and reaches the barring wall. there are railings 
placed inside the wall which allow the roof to move in 
either direction. This area also consists of a channel for 
collecting and removing the water from the roof. 

BAMBOO SYSTEMS

As sustainable material, bamboo can serve different 
functions both formally and structurally. The internal 
structure of the material can serve as a water barrier 
or container as it did in the Roof Machine. However, 
the external structure of the material as a strong linear 
material can be used for different purposes. The 
Bamboo pieces can be connected to eachother from 
the ends trhough a system of joints, which will allow 
infinite variation and flexibility. The joint can connect up 
to six different Bamboos together. The system can form 
a structural skin, and grow in different directions. The 
system can also be used as a space frame.

Bamboo that is not treated will be 
destroyed by insects in a short 
period of time. The decision of 
not treating the bamboo before 
construction can turn out costly in 
a long run.

One of the reasons mold appears 
on bamboo culms is because the 
culms were not dried properly. 
Drying bamboo is as crucial as 
proper as harvesting and treating 
of bamboo. Once bamboo is dried 
it becomes more stable than wood. 

The minimum training should enable people 
to avoid some basic mistakes in bamboo 
construction. Standards about building with 
bamboo are still missing, which impedes 
application and use of bamboo in countries 
with strict technical regulations.

Due to worldwide attention and promotion, 
bamboo has started to become a 
contemporary, popular, and highly marketable 
material. Since bamboo products, have come 
into the market, the image of bamboo as a 
“poor man’s material” is being transformed to 
one that is contemporary and trendy.

Bamboo has a high content of 
silicate in the outer skin and high 
density, which make it a good fire 
resistant material. Bamboo’s fire 
resistance can also be increased 
by filling the culm with water.

Bamboo is an extremely resilient 
material. Bamboo plants managed 
to survive the nuclear blast at 
Hiroshima at a point closer to 
ground zero than any other life 
form.

The ecological advantages of 
using bamboo seem endless. 
Bamboo can capture carbon from 
the atmosphere and replace it with 
the oxygen at about 4000 pounds 
of carbon per hectare per year.i It 
stands release 35% more oxygen 
than equivalent stand of trees.

A bamboo house will last as long or 
longer than any conventional wood 
framed building. In Japan, bamboo 
structures have a history of lasting 
200 years. In Vietnam, bamboo 
structures built with untreated 
bamboo poles are over 50 years old.

Bamboo is relatively a very light 
material – especially because of 
being hollow. This quality of the 
material makes transportation 
much easier and more energy 
efficient. It also splits easily for 
weaving and is thus easy to handle 
even for women.

Bamboo is considered among the 
greatest building materials since 
it is strong both in tension and in 
compression. In structural tests, 
bamboo showed a higher tensile 
strength than many alloys of steel, 
and a higher compressive strength 
than many mixtures of concrete.

Bamboo is considered among the 
greatest building materials since 
it is strong both in tension and in 
compression. In structural tests, 
bamboo showed a higher tensile 
strength than many alloys of steel, and 
a higher compressive strength.

The extensive rhizome network 
stitches the soil, prevents it 
from erosion and reduces soil 
compaction and hardening. The 
root systems may also prevent 
a water runoff and can hold up 
to twice as much water in the 
watersheds. 
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CONSTRUCITION RELATED 
PROBLEMS

BAMBOO IS NOT MATURE ENOUGH 
OR NOT HARVESTED PROPERLY

Improperly harvested bam-
boo, regardless of the species, 

can survive only between 2 to 5 
years before being deteriorated by 
insects.  Overlooking this funda-
mental issue can cause rapid de-
terioration of the buildings. The 
most common insect is the pow-
der beetle (Lyctid borer larvae) 
that is attracted by the high starch 
content of improperly harvested 
bamboo.1

The age of the culm is also very 
important to determine the great-
est strength for bamboo construc-
tion. There are a number of ways 
for recognizing the age of bam-
boo and therefore choosing the 
right ones. 

As bamboo grows older it chang-
es color from green to yellow to 
brown or sometimes even black. 
Young bamboo canes at around 
the age of one are characterized 
by their emerald green color, and 

their sheaths just beginning to fall 
off. Older bamboos of age two or 
three appear with white spots of 
fungus or mould on the outside 
of their culm, which indicate the 
beginning of lichens. At five to six 
years those lichens are clearly vis-
ible.3 

Branches also tell the age of a 
bamboo plant. Every year each 
bamboo culm loses its branches, 
replacing them with new ones. 
Older bamboos tend to lose their 
strength and become more vul-
nerable to attacks by insects from 
the inside. These infections are 
therefore difficult to detect from 
the outside. 

Bamboos growing on hill slopes 
tend to be stronger compared to 
those grown in valleys. Also bam-

boos that grow in shoddier dry 
soils tend to be more solid than 
the ones that grow in rich soils. 
For instance, the strongest species 
of Guadua angustifolia grow at 
the elevations between 900-1800 
in Colombia, whereas the same 
species in Ecuador has much low-
er strength characteristics.4

The height, thickness, and diam-
eter of bamboos are also helpful 
measures in determining their 
strength and suitability for con-
struction. 

Height of bamboos can be de-
termined in species over 5cm in 
diameter by multiplying the base 
circumference by 58.2. If culms 
are found to have a ratio of less 
than 58.2 the bamboo is of lesser 
quality.5

Harvesting should be conducted 
at the intervals of two to five years 
depending on the climate and 
bamboo species. Only 30 % of 
mature canes are harvested and 
the remaining ones are respon-
sible for supporting the young 
shoots and maintaining the roots 
network.6 

The best seasons for harvesting 
bamboo are autumn and win-
ter in the subtropics and the dry 
season in the tropics. Protecting 
bamboo from moisture and heavy 
rain would prevent it from being 
attacked by fungi or insects. Pick-
ing bamboo immediately before 
the rainy season may also cause 
damage to the new shoots. There-
fore it is advice to harvest bamboo 
a couple of months prior to the 
rainy season.

Figure 0_0: Bamboo’s process of growth and change of color.

© M. Iman Ansari
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upper level 
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upper level 
joints
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lower level 
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lower level 
joints
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aluminum gutter

wheels and 
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Bamboo’s importance to our 
social and economic wellbe-

ing may be self-evident but, sur-
prisingly, we still know relatively 
very little about most bamboo 
species. The theoretical knowl-
edge and practical skills on bam-
boo have largely remained local-
ized and are not disseminated. 

The building and construction in-
dustry is considered a major con-
tributor to climate change, and a 
key player in sustainable develop-
ment, with the potential to signif-
icantly impact the environment in 
both positive and negative terms. 
According to the International 
Energy Agency, buildings account 
for 30 to 40 percent of energy use 
worldwide. The construction in-
dustry consumes over 3 billion 
tons of raw materials each year 
(40% of total global use.)  

With the growing concerns over 
the issues of global warming and 
climate change, the need to real-
ize the vital impact and our global 
responsibility in the consumption 
and even production of renewable 
energy becomes not only a vital 
necessity, but a moral imperative. 

UN-HABITAT recognizes its im-
portant role and influence on the 
development of policy guidelines 
for decision makers, Ministries of 
Housing and local authorities to 
inform policy planning and im-
plementation at national and lo-
cal level. On this basis, the ‘Shel-
ter Initiative for Climate Change 
Mitigation and Adaptation’ (SIC-
CMA) was jointly developed be-
tween UN-HABITAT.

The overall goal of the Shelter 
Initiative for Climate Change 
Mitigation and Adaptation (SIC-

CMA) is to encourage the use 
of low-cost energy-efficient and 
sustainable building materials 
and construction technologies, 
green building and neighborhood 
design in order to mitigate and 
adapt to the new conditions of 
climate change.

With its natural, structural, cul-
tural, and economic qualities, 
bamboo proves to be an excep-
tional sustainable building mate-
rial that can not only contribute 
to reduce the consumption of 
renewable energy, encourage 
sustainable development, but 
also play a great role in mitigat-
ing global warming and climate 
change. This handbook provides 
the basic introduction in the use 
of bamboo, its theoretical impli-
cations and practical applications 
as a low-cost energy efficient sus-
tainable building material. 

CONCLUSION
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through the piece  and reaches 
the barring wall. there are railings 
placed inside the wall which allow 
the roof to move in either  direc-
tion. This area also consists of a 
channel for collecting and remov-
ing the water from the roof. 

BAMBOO SYSTEMS 

As sustainable material, bamboo 
can serve different functions both 
formally and structurally. The in-
ternal structure of the 
material can serve as a water bar-
rier or container as it did in the 
Roof Machine. However, the ex-
ternal structure of the material as a 
strong linear material can be used 
for different purposes. The Bam-
boo pieces can be connected to 

eachother from the ends trhough 
a system of joints, which will al-
low infinite variation and flexibil-
ity. The joint can connect up to 
six different Bamboos together. 
The system can form a structural 
skin, and grow in different direc-
tions. The system can also be used 
as a space frame. 

The roof system can be mple-
mented in two different ways, for 
different costs and possibly differ-
ent means of  income. A rope sys-
tem is therefore a low-income al-
ternative to the roof machine that 
does not require the sophisticated 
joint system, and can instead op-
erate with organic ropes.
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ROOF MACHINE
Nueva Loja, Ecuador - 2006

The tropical conditions of 
the region requires differ-

ent formal and structural systems 
in building development. Heavy 
rains and sunlight are among the 
signifact 
charactristics of the region, which 
urges a different rationality in 
building developmments. Among 
the most crucial aspects are roofs 
and coverings. With the growing 
concerns on issues of sustainablity 
and golbal warming,  it is impor-
tant to rethink different ways of 
ventilating and shading, as well as 
consuming and producing energy 
in the 
building. 
 
 
Regional Concerns 

The building takes full advantage 
of the energy with the roof ma-
chine. It uses the sliding roof for 
shading, which essentially cools 
down the space. It also collects the 
water from the rain and directs 

ROOF MACHINE 

The idea of roof machine was 
invented after series of analysis 
on the natural conditions of the 
tropical areas, and the character-
istics of bamboo as a  potential 
structural material. The aim was 
to design a natural moveable roof 
that can protect the space 
from sunlight and rain, and at the 

same time collect water and allow 
for ventilation. 

The roof machine consists of series 
of bamboo cut in half, which are 
then inverted offset and coupled. 
The pieces are then connected by 
a simple joint that allows circular 
movement of the pieces. A long 
piece of metal connects the joints 

it to an area for proper use. The 
form of the strcuture along with 
the shading will allow of a cooling 
system, which direct the wind-air 
from the jungle, in and out of the 
building. This system becomes 
even more effective when its rain-
ing since the roof structure is also 
filled with water.
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strong linear material can be used 
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eachother from the ends trhough 
a system of joints, which will al-
low infinite variation and flexibil-
ity. The joint can connect up to 
six different Bamboos together. 
The system can form a structural 
skin, and grow in different direc-
tions. The system can also be used 
as a space frame. 

The roof system can be mple-
mented in two different ways, for 
different costs and possibly differ-
ent means of  income. A rope sys-
tem is therefore a low-income al-
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