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ct-In the industry, business, society and environment, the 
,\)15!ra d is 10 find an eco-alternative procedure which can, 
present 

0
~en rtially, replace the traditional procedures. Bamboo, as a 

.,.,~llin :,:,erial, is a greedy approach towards construction in the 
build gd ys Bamboo can be used in the construction industry in 
present a · 
r jf/ess ways. . . . 1111 

. t Jay's trend of modermzalion with strength and endurance in 
Butm ow .rb b 1· . ed onstniclion field, the uses OJ am oo are 111111 and unknown. ::e, the present _study is a humble effort towards the use of 
bamboo in construct,on field. . 
1h eareover /000 species of bamboo. This amazmgplant grows in 

~cal and temperate environments and is very hardy. When 
irop · kl b k ·th I . . . Bamboo is cul, ii qmc y grows ac · WI mos species matunng 111 

3.5 years. It is grown without pesticides or chemical fertilizers. 
11 requires no in·igation and acts as a soil erosion inhibitor. Its 

' production info fibres has lower environmental impact than other 
forms of fibre, especially synthetic one. According to UNESCO, 70 
hectares of bamboo produces enough material to build I 000 houses. 
/tis being used in road reinforcements in India and ii is also used 
in bridges built in China, capable of supporting trucks that weigh as 
much as 16 tons. A 7.5 earthquake in Limon, Costa Rica, in April 
/99/ destroyed homes built with concrete and rebar, but all 20 of the 
more-flexible bamboo houses at the earthquake's epicenter remained 
standing. In Megha/aya, an ingenious system of lapping of stream 
and spring waler by using bamboo pipes to irrigate plantations is 
widely prevalent. It is so p erfected that about 18-20 liters of water 
entering the bamboo pipe system per minute gels transported over 
several hundred meters and finally gets reduced to 20-80 drops per 
minu/e at the site of the plant. 

Keywords: Bamboo, Construction, Irrigation, Reinforcement, 
Earthquake, Environment. 

l. INTRODUCTION 

A study of the feasibility of using bamboo as a construction 
~tena\ was given recent consideration for use. Bamboo has a 
high compressive strength and low weight has been one of the 
most . used building materials as support for concrete, 
CSpecially in those locations where it is found in abundance. 
Bamboo as a building material is used for the construction of 
scatfolding, bridges and structures houses. The hollow 
structu f ' t· re O bamboo makes it unique to absorb some part 0 

► 

seismic waves. The traditional use of bamboo can be seen in 
drip irrigation in Eastern parts of India. Due to a distinctive 
rhizome-dependent system, bamboos are one of the fastest
growing plants in the world and their growth is three-times 
faster than most other species of plants. They are renewable 
and extremely versatile resource with multi-purpose usage. 
Bamboo as a building material is conventionally associated 
with the region of Southeast Asia and South America where 
climate is best suitable for its cultivation. Further studies will 
be required before complete confidence can be placed 
theoretical designs based on the material presented here. 

2. SELECTION AND PREPARATION OF BAMBOO: 

The following factors should be considered in the selection of 
bamboo culms (whole plants) for use as reinforcement in 
concrete structures: 

1. Use only bamboo showing a pronounced brown color. 
This will insure that the plant is at least three years old. 

2. Select the longest large diameter cuhns available. 

3. Do not use whole culms of green, unseasoned bamboo. 

4. Avoid bamboo cut in spring or early summer. These 
culms are generally weaker due to increased fiber 
moisture content. 

A thorough treatment of Bamboo is required to protect it 
against insects and rot before it is put into use. Commonly a 
mixture of Borax and Boric acid are utilized for this purpose. 
Another procedure generally employed is to boil cut bamboo 
to remove the starches that draw insects. The development 
Bamboos are treated in such a way that U1ey assume desired 
shapes and structures while they grow: 

I. Squared cross-section can be obtained by compressing the 
growing stalk of bamboo within a square section. 

2. Arch shapes of bamboo can also be created by 
compressing the bamboo's growth into the desired shape. 
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~ ~ ;__ ____________________________ _ 
l!f his would cost lesser lhan it would to get the same fonn 

,,ith normal timber. - ~ 
3. , «:? urved and Flat shapes of bamboo are achieved through 

traditional techniques like applying heat and pressure. 

Methods of Working on Bamboo 

For a bamboo to be used as a building material, it must be 
worked on to create desired shape, bend and length to be used 
for structural or other purposes. 

Following are the different works involved with use of 
bamboo: 

I . Splitting 

2. Shaping 

3. Bending 

Splitting of Bamboo 

The bamboo canes are split into halves or quarter sections 
using a knife ideal for the job and setting them apart by a 
wedge. About four or eight segments can be acquired which 
are used as canes, strips or battens. 

Shaping of Bamboo 

Even though bamboos are naturally circular in form but if lhey 
are grown in a box of square shape they acquire a shape as 
desired. 

Bending of Bamboo 

Bamboos can be bent while lhey are freshly cut by heating 
them above the temperature of 150° C. Bamboo will retain this 
shape even after cooling and drying off. 

3. DESIGN PRINCIPLES: 

The results of these investigations form lhe basis of the 
conclusions and recommendations presented in thi s report. 
Further studies will be required before complete confidence 
can be placed theoretical designs based on the material 
presented here. 

1. Domestic Housing and SmaU Buildings: 

There is a long-standing tradition of bamboo construction, 
dating back to many hundreds of years. Different cultures 
have found in this material an economical system of building. 
Housing is one of the priority items and sensing the current 
shortage of the dwelling units, the present administrative 
leaders around the world find tough to hit upon a solution for. 
Bamboo building construction is characterized by a strnctural 
frame approach similar to that applied in traditional timber 
frame design and construction. Bamboo based materials are 
widely used too. In its natural condition as solid culms, halved 
culms or as longitudinally split strips, bamboo has been used 
in almost all parts of house construction except for the 
fireplace and the chimneys. 
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Figure I 

2. Foundation: 

The use of bamboo for foundation is ralher restricted. This is 
mainly due to the fact that like timber when in contact with 
damp ground, they deteriorate and decay very quickly unless 
treated with some very effective preservatives. However, in 
spite of their short life considerable use of bamboos is made as 
foundation or supporting posts in case of houses built on 
raised platforms. The types of bamboo foundations identified 
are: 

a) Bamboo in direct ground contact: Bamboo is placed eilher 
on the surface or buried. For strength and stability, large 
diameter and lhick walled sections of bamboo wilh closely 
spaced nodes should be used. Where these are not available, 
smaller sections can be tied together. It can decay wilhin six 
months to two years, and hence preservative treatment is 
recommended. 

b) Bamboo on rock or prefonned concrete footings: where 
bamboo is being used for bearings, it should be placed out 
of ground contact on footings of either rock or preformed 
concrete. TI1e largest and stiffest sections of bamboo should 
be used. 

c) Composite bamboo/concrete columns: a concrete extension 
is given to a bamboo post using a plastic tube of the same 
diameter. The result is a bamboo post with an integral 
durable foundation. 

d) Bamboo piles: it is used to stabilize soft soils and reduce 
building settlement. TI1e treated split bamboo piles were 
filled wi th coconut coir strands wrapped with jute. The 
sections were then tied with wire. After installation of the 
piles the area was covered with a sandy material. 
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Figure 2 

3. flooring: 
Figu,·e 3 ay be at ground level, and therefore consists only 

'fbe noor:c:d earth, with or without a covering of bamboo 
of comp The preferred solution is to raise _the floor a_bove the 
01altll1J' creating a stilt type of co~1struct1on. This improves 
gt~ 1 and hygiene and can provide a covered storage area 
co!ll or the floor. Toe surface of earth floor is sometimes made be~~: stable by paving it wi.th crude bamboo boards made by 
~ing and flattening whole culms. The vanous types used 

4. Walls: 

are: 
a) Small bamboo culms: they are directly tied and nailed 

together. 

The most extensive use of bamboo in construction is for the 
walls and partitions. The major elements, the posts and beams, 
generally constitute part or structural framework. 'Ibey are to 
carry the self-weight of building and loads imposed by the 
occupants and the weather. An infill between framing 
members is required to complete the wall, to protect against 
rain, wind and animals, to offer privacy and to provide in 
plane bracing to ensure the overall stability of the overall 
structure when subjected to horizontal forces. 

b) Split bamboo: culms are split along their length into strips, 
several centimeters wi.de. 

c)Flattened bamboo: formed by splitting green bamboo culms 
removing the diaphragms, then rolling and flattening them. 
Toe resulting board is laid across the joists and fixed by 
nailing or tying. They are screened with cement mortar for 
reasons of hygiene and comfort as they are uneven and 
difficult to clean. 

d) Bamboo mats: thin strips varyin g in size from 5-6mm or 
10-\ Smm and thickness of 0.6-l.2mm. These slivers are 
then woven into mats of different sizes according to the 
available hot-press plates and user' s demands. After drying 
the mats to 6-10% moisture content, sufficient glue is 
applied lo ensure enough bonding between the overlapped 
areas. In construction using bamboo mats, phenolic resins 
are employed. 

e) Bamboo plastic composites: it is an innovative technology 
m which bamboo fiber is the raw material and compounded 
wi!h plastic as the core material of the flooring. This has 
higher water resistance and dimensional stability properties 
\ban those of normal floorings. 
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5. Roofing: 
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-, . .. 
~-~ 
::"' ... -- -
:.~•f 

l.\)All(l!1!. 

Toe roof offers protection against extremes of weather 
including rain, sun and wind, and to provide shelter, clear and 
usable space beneath the canopy. Above all it must be_ strong 

Ugh to resist the considerable forces generated by wmd and 
eno . .d l ti 
roof coverings. ln this respect, bamboo is i ea as a roo ng 
material _ it is strong, resilient and hght "."e1ghted. The 
bamboo structure of a roof can compnse of purl ms, rafters and 

trusses. 

a) The simplest form consists of a bamboo purlin and beam:-, 

t d On perimeter posts. Halved culms are then laid 
suppor e - fr th ·d t 
convex side down, edge-to-edge, spanrung o_m e n ge o 

A Second layer convex side up, is then laid to the eaves. ' 
cover the joints. 
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b) Corrugated sheets made out of bamboo are also used 
commonly as roof covering. The bamboo mats are dipped in 
resin, dried and heat pressed under pressure in a specially 
made platen, to give strong, reliable sheets of bamboo, 
which is lightweight. 

c) A layer of bitumen is sandwiched between two mats of 
bamboo forming a semi rigid panel. TI1e mats can be fixed 
to rafters at 200-250mm center to center. A bituminous or 
rubberized weatherproof coating is then applied to the 
finished roof. 

d) Plastered bamboo: A cement plaster, with or without the 
addition of organic fibers, is traditionally applied to bamboo 
roots, to get stronger roof coverings. Various fonns of 
trusses are also adopted using bamboo culms of diameter 
ranging from 40mm-100mm. 

Figure S 

6. Scaffolding: 

Because of the favorable relationship between load-bearing 
capacity and weight, bamboo can be used for the construction 
of save scaffoldings even for very tall buildings. Only lashed 
joints are used. The cane extension is carried out by lashing 
the cane ends together with several ties. ll1e ties are arranged 
in such a way that forces acting vertical ly downwards wedges 
the nodes in the lashing. ll1e vertical and horizontal canes 
used for scaffolding are almost exclusively joined using soft 
lashing. This technique has the great advantage that the joints 
can be re-tensioned to the right degree without difficulty and 
also quickly released again 

Figure 6 
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b . s ·iri earthquake proof material: 7. 8am oo •1 • 

bo S an earthquake proof materia l due to lb Bam o a · . . c 
lightweight and favorable dashc properties of bamboo 
buildings made from it are very good at res1stm~ earthquakes' 
Bamboo possesses excellent strength pro~ert1es, especially 

-1 1 ng·tli Bamboo contams fibers which are up to 1 0 tens1 e s re • ,in 
long as compared to wood (approx. 2 mm long). It has a 
tensile power up to 40 KN/cm2, whereas t11nber fibers as Well 
as mild steel contain approxnnately_ 51tn2 ~r 3_6 KN/cin2 
respectively. Bamboo i~ mostt~-lllt~b e bor ~e1sm1c-resistant 
constructions as due to its capa 1 1_ty or a sor mg energy and 
superior bending strength. _Its pnmary c~mponent is silicic 

·d that makes it Jong-lastmg and mflex1ble. The tissues in 
~:nboo are formed with 40% fiber, 51 % parenchyma and 9% 
conductive tissue to make it more stable. 

/ ...... -=-,.· 
/ 

Figure 7 

8. Bamboo as an irrigation material: 

Bamboo pipes are use to divert perennial springs on tl1e 
hilltops to lower reaches by gravity. In future we can use 
bamboo for laying channels for water line. We can use it at 
agriculture land, and house. It is low cost material and it is 
avai lability is very high. It is eco friendly. The only liability is 
the relatively short life of bamboo when it is in direct contact 
with earth and water. But bamboo has many advantages. A 
grove of bamboo, with little care can come into commercial 
production in five years. Although the life of the construction 
material is not as long as metal or aluminum piping, the 
relative inexpensiveness of bamboo and the amount of 
pr~duction from a properly managed grove gives the farmer a 
rehab le supply of replacement materials. 
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Figure 8 

9_ Bamboo as a road construction: 

Bamboo we can use it as a road construction material . Using 
bamboo we can build pavement, bridge. In hill station we can 
build a bamboo bridge which is more stable and not more 
expensive. In road we may use it which is easy to use because 
the cost of it is very low, and it eco friendly. 

Figure 9 

4• RESEARCH AND DEVELOPMENT 

Bamboo is not included as a mainstream material for Building 
COn5lruction in the curriculwn of architecture, civil and 
mtenor design disciplines. 

Hence most of the designers remain wiaware of this wonderful 
SUS!amable material. Awareness needs to be built through 
Worksho · · th 
Unive ys, semmars and lectures etc by expert_s _m _ e 
I ct· rsittes and Institutes. Most of the bamboo bmldmgs m 
tn '.a today have been done by govt agencies as part of some 
fiCS~tng and research with minimum attention to aesthetics and m~ C . . . 
p : onstructton of aesthetically designed prototypes m 
a~rnment locations, for active promotions and display, to 
~e willing to experiment with construction of 

bamboo bu·1d· I 
d . t tngs, ms to be taken up on to make bamboo a 
es1rable mate · J R . 

material na . . esearch and mnovations in alternative 
s and bmldtng technologies hardly see the light of day. 
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Figure IO 

There could be many reasons for these experiments, though 
s_uccessfully conducted in Laboratories, to never reach the 
field of applications. Fonnulation of a set of standards for 
using bamboo, with treatment and testing methods etc 
mcluded into the National building Code will make it 
convenient for architects and civil engineers to include 
bamboo in material specifications of their projects easier 
without risking the clients fmancing options. 

5. ADV ANT AGES OF BAMBOO AS CONSTRUCTION 
MATERIAL: 

The various advantages of bamboo, in the construction 
methodology are as mentioned below: 

1. Tensile strength: Bamboo has higher tensile strength than 
steel because its fibers run axially. 

2. Fire Resistance: Capability of bamboo to resist fire is very 
high and it can withstand temperature up to 4000 C. This is 
due to the presence of high value of silicate acid and water. 

3. Elasticity: Bamboo is widely preferred in earthquake prone 
regions due to its elastic features. 

4. Weight of bamboo: Bamboos due to their low weight are 
easily displaced or installed making it very easier for 
transportation and construction. 

5. Unlike other building materials like cement and asbestos, 
bamboo poses no danger to health. 

6. They are cost effective and easy to use._ 
7. Tuey are especially in great demand m earthquake prone 

areas. 

6. DISADVANTAGES OF BAMBOO AS 
CONSTRUCTION MATERIAL 

With a handful of great boons of bamboo'. Ii_e some limitati?us 
side by side. As per observation and pred1ctt~us, the followmg 
are the disadvantages of bamboo m construction field: 
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I ~ Tuey require preservation 
1• ~ Shrinkage: Bamboo shrinks much greater than any other 

,.;;J type of timber especially when it loses water. 
3. Durability: Bamboo should be sufficiently treated against 

insect or fungus attack before being utilized for building 
purposes. 

-l. Jointing: Despite prevalence of various techniques of 
jointing, structural reliability of bamboo is questionable. 

7. CONCLUSION: 

Bamboo has a good engineering properties mid it is a feasible 
substitute for other materials for housing mid construction 
sector. Bamboo has high tensile strength to weight ratio. It can 
be easily worked upon by simple tools. It is one of the rapidly 
growing natural reserves also it is easi ly and locally available. 
Bamboo had been using for construction even from early 
times. From the Experiment, the elasticity of Bamboo strips is 
evaluated 5098 N/nun2, which is comparative same as steel. 
And also load carrying capacity of bamboo strips with 
concrete is similar to the steel reinforcement. The tensile 
strength is also dependent on the weight ration of bamboo and 
cement used for the malting the Bamboo Fiber concrete. So it 
is seen that when the content of bamboo is an increase in the 
bamboo fiber concrete, so their strength will be increased up 
to some limited content of Bamboo fiber. We use bamboo in 
beams and girdlers because bamboo reinforcement in columns 
serves to resist a compression load equal to that taken by the 
concrete it displaces. It also will resist shear and tensile 
stresses. Bamboo cannot prevent cracking of concrete under 
ultimate load but from 11exural test of bamboo reinforced 
beam, it has been seen that using bamboo reinforcement in 
concrete can increase the load carrying capacity of beam 
having samt:: dimensions. We can use bamboo in buildiJ1g like 
flooring, scaffolding, walls, roofing, etc. It also helps to 
protect from the earthquake. An ingenious sy.;tem of tappiug 
of stream and spring water by using bamboo pipes to irrigate 
plantations is widely prevalent. It is so perfected that about 18-
20 liters of water entering the bamboo pipe systt::m per minute 
gets transported over several h1111dred meters. 
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