
  
Abstract -  Despite the fact that Bamboo has known qualities and 

an established reputation of being a wonder building material it has 
not penetrated the urban housing market. Despite the fact that there is 
an acute housing shortage caused primarily due to the rising un 
affordability, owing to the total dependence on conventional building 
materials like cement steel concrete, It has not become a popular 
building material even among the among poor. Bamboo houses are 
not preferred and as such do not seem to be socially accepted. It is 
ironical that people prefer to remain houseless in the hope of being 
able to construct /afford a conventional “permanent” house rather 
than to construct one out of bamboo, especially in urban areas. 
Alternative materials for superstructure, roofing and doors windows 
alone are known to reduce costs up to 40% .Substituting bricks, 
cement, steel, and timber alone can reduce costs up to 40%. 
 

Keywords— Affordability, Alternative Materials, Low -Cost. 
Housing, Urban Poor.  

I. INTRODUCTION 
HIS study explores the possibility of  using bamboo as 
one of the key building materials in the construction of 

dwelling units which can offer safe, durable, affordable and 
pleasantly accommodated in the mainstream housing market. 
It therefore required a thorough investigation into the finer 
aspects of the extent to which the material could live up to its 
qualities of being a handy, cheap, and a sustainable material, 
in the context of mass housing for the homeless in large urban 
agglomerations. The use of the term “shelter” has deliberately 
been omitted for obvious reasons.  

II. KNOWING THE MATERIAL 
Through literature study, secondary data, and on site data, 

by talking to those who have been perpetually working with 
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bamboo since years, either for building houses or articles, 
furniture etc. also reading manuals which provide data about 
the specific species which are used in construction of houses. 

A. Technical potential possibilities and limitations 
Reading technical specifications and referring to properties, 

physical, chemical, understanding all the methods that have 
been used for countering the shortfalls/limitations in the use of 
bamboo for building purposes. This may involve a tactic 
which reviews all the best practices used around the globe to 
increase the durability and vulnerability of the material. It may 
take one into the realm of treatment of bamboo to increase its 
possibilities and decrease its vulnerability at the same time 
convert the material into handy and coveted material. Inherent 
qualities include Eco friendliness, being highly regenerative, 
possessing high tensile strength. Finally, one would believe 
that, it being a low cost material should attract at least the 
millions of homeless. However statistical data reveals that 
even this has not been happening. 

B. Codes and policies currently in existence 
This may involve interviews with the bureaucracy, 

personnel from various Govt. and non Govt. organizations, 
secondary data, about the origin, purpose and objectives of the 
policies and also the effectiveness of such policies during their 
implementation and the machinery that has to be put in place 
before they can be made public. Also about the system by way 
of which such policies trickle down to the target group which 
is most likely to use this alternative technology.  

C. Innovative breakthroughs and best global practices 
This may involve examining the works of bamboo users in 

other countries (Through internet or liasoning with 
academicians, practitioners in other countries) for construction 
details used in their dwelling units and also picking up minute 
innovations made by them in the use of material or even 
something as small as developing a new joinery detail. This 
way can effectively be used for creating a knowledge base for 
integrating and/or drawing parallels for use in similar 
situations. Some of the best practices used elsewhere can even 
be directly lifted / duplicated if they have proved to be useful 
in that specific location on the world map.  
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D. Architectural Solutions substituting key building 
components with bamboo 

This could best be done by photographs and sketches 
collected in the earlier stage as a knowledge/ data base and 
studying the possibilities or applicability in a given situation. 
A major task at this stage would be to integrate or assemble 
assorted constructional details collected from various sources 
so as to create a contextual architectural design, befitting our 
climate, culture, availability of skills technology and training 
of construction labor which will have to be part of the 
package. 

This tactic therefore shall have to make use of sketches of 
disjointed construction details borrowed but modified to suit 
local conditions and architectural context.  

E. Architectural Design substituting key building 
components  

 Out of the various options generated above various 
compatible choices can be made in selecting the details that 
individually and holistically help to create houses for the 
urban poor living close to bamboo growing regions.  

This tactic is therefore a purely architectural design process 
exercised on the drawing board, generating design alternatives 
so that, maximum number of limitations of the material are 
countered and the architectural design makes use of inputs 
from all possible source helping in creating a refined dwelling 
unit design which will be acceptable to the target group 

F. Capacity building measures for mass housing 
This Part of the research positions itself, half way between 

action research and pure qualitative research. If agencies can 
be found which are willing to be trained and spread the 
awareness about judicious use of the material then the tactic 
would make use of using media, and or showcasing of live 
constructed models, publishing pamphlets or booklets 
containing the know how and where withal with diagrams do’s 
and don’ts, guidelines, along with a clear “do it yourself” 
handbook for construction without the involvement of an 
architect, contractor or an engineer.  

This is where people’s participation will be required which 
could therefore shift the study towards qualitative research 
which is aimed at being rooted to the people their cultural 
peculiarities and location defining the context in a much more 
refined manner.    

III. OBSERVATIONS AS A BACKDROP 
A new segment of housing is needed to meet this challenge 

for which it becomes imperative to look for emerging patterns 
before coming to any biased conclusion.  

A. Pattern 
The pucca (permanent) houses have failed to meet the 

housing shortage especially after 2001, when it has more than 
doubled. The contribution of the semi Pucca (permanent) and 
the Kucha (temporary) houses towards fulfilling the housing 
demand is marginal. There does not seem to be much effort in 
using the Kucha (temporary) and semi Pucca (permanent) 

houses as a means to increase the housing stock. Urban 
houselessness is a function of urban population. Urban 
houselessness increases irrespective of the total houseless 
population. A migrant who comes to the city initially lives in a 
temporary shelter. Bamboo being one of the cheaper materials 
plays an important role in providing him a shelter in 
combination with other materials. This is specially so in urban 
areas close to bamboo growing regions. This shelter gradually 
evolves and takes a permanent shape. The rate of evolution 
from Kucha (temporary) to Pucca (permanent) is dependent 
on the economic stability offered by the city. A prolonged 
reception by the city could compel the migrant to stay in a 
Kucha (temporary) /semi Pucca (Semi - permanent) house for 
a very long period of time, to the tune of 2-3 decades. 

B. Theory 
The theory will be formulated on the basis of extensive 

study through a) Review of Precedents b) Observation c) 
Design. The Theory will read as follows: What are those three 
to four important steps to be taken:  a) To make bamboo   
durable b) To counter it’s most common shortcomings. c) To 
reduce construction cost. d)  For construction technology to 
make it easier and faster to construct. e) To make it 
structurally sound for multi-storied construction. f) To make 
Architectural Design suited for bamboo construction. g) To 
make bamboo houses to become socially accepted and 
economically feasible 

Once the necessary steps are taken, it is only then that 
bamboo (Whole or composite), can be used for construction of 
houses for the Urban poor residing close to bamboo producing 
regions, thus adding to the national housing stock, and 
reducing the houselessness in the country by way of providing 
low cost eco friendly solutions. Housing thus can be made 
affordable for large sections of urban poor.  

IV. BAMBOO THE PLANT 

A.  Classification 
The plant: Bamboo [5] is not a tree but a giant grass. They 

range from few centimeters in height to about 40 meters. It 
belongs to the family Gramineae (Poaceae), subfamily 
Bambusoideae, The sub family Bambusoideae is divided into 
two groups: The herbaceous with soft culms and the woody 
bamboos with woody hollow culms divided by septum or 
diaphragms. The Woody plants are classified into two groups: 
Gymnosperms and angiosperms. The angiosperms are divided 
into two groups: the dicotyledons and the monocotyledons. 
Bamboos and palms are the most important members of the 
Monocotyledons. The palms include rattan, which has flexible 
stem. Rattan has certain similarities with bamboo species. 
Bamboos are generally hollow rattan is solid.  

B. Flowering 
There are two types of flowering [5]   among bamboos. The 

sporadic or irregular flowering and the gregarious or 
periodical flowering. Most of the bamboo species flower 
sporadically or irregularly every year at any time for several 
reasons such as fire in the area, or insect attack. In this case 
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one or several culms of the same clump flower and die soon 
afterwards, but the entire clump does not die. Some sporadic 
flowering in one or several culms takes place every year in 
practically all bamboo areas. The gregarious type of flowering 
takes place at long intervals which are known as lifecycles. 
This cycle is more or less constant for each species of bamboo 
and it varies from 4 to 120 years depending on the specie. The 
period between successive gregarious flowering of any specie 
in the same area represents its life cycle.  
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Fig1 

C. Ecology and Environmental conditions for bamboo 
growth 

Tropical, subtropical and temperate areas of all continents 
except [5] Europe between 51degree N and 47degree S. From 
sea level to a maximum of 4,000m in the Himalayas in Asia 
and up to 5,000m in the Eastern Andes in South America. A 
temp between 20-26 degrees Celsius with a relative humidity 
of 80% is ideal. Moist soil is favorable. On an average an 
annual rainfall of 1000-2000 mm is needed for most species. 
High water table or excessive moisture is bad. Well drained, 
fertile derived from river alluvium like loam with granular 
structure, sandy loam is best. River banks are good as they are 
submerged temporarily. Saline soils are bad for their growth. 
Yellow, reddish yellow, brownish yellow soils are suitable. 

D. Pests and diseases in living and felled bamboos 
Living Bamboos are attacked by parasitic fungi. There are 

diseases [5] like the “red patch” in young twigs and “witches 
broom” on old bamboos “black spot” and “rut disease” on the 
leaves, and “mat” and “vermilion” disease. Most of these can 
be controlled by using fungicide, burning the affected parts of 
the culms to prevent spread of spores, and ensuring that the 
bamboo groves are fertilized, ventilated, permit penetration of 
sunlight and good drainage. The larvae of Various insects 
attack leaves stems, shoots and culms causing diseases like 
witches broom, smut, shoot rot,  leaf hopper etc. Best way to 
control these is to cut off the infected areas or shoots. Felled 
bamboos are also attacked by fungi, termites, insects, and 
borers due to moisture or humid conditions, presence of 
starch, soluble carbohydrates, and proteins. Hence bamboo 
should be felled after the rainy season when the sap is low and 
the insects are hibernating.  

V.  PROPERTIES OF BAMBOO 

A. Physical properties of bamboo-specific gravity 
Specific gravity [1] varies between 0.5-0.9g/cubic cm. 

Specific gravity increases from the innermost layers to the 
periphery and from bottom to the top. The strongest part of the 
culm is the outer 1/3rd layer of its wall. Résistance to 
compression, bending strength, modulus of elasticity have 

higher values at the upper part of the culm due to higher fiber 
content. 

B.  Physical properties- shrinkage and moisture content 
Shrinkage occurs in the radial direction [1]. Thickness and 

diameter are affected to an extent of 3-14%. As water content 
diminishes from 70% to 40 % shrinkage stops. There is 
minimum deformation in the axial direction. Unlike timber the 
rate at which strength increases on drying is not that high. 
Strength wise there is no risk in using green bamboo for 
construction. 

C. Physical properties of bamboo-splitting and Splicing  
Unlike trees, bamboo cells are not radial, which in trees 

increases their shear strength parallel to the axis. Hence 
bamboo culms split easily. This is a disadvantage for nailing. 
Splitting makes it possible to fine strips used in handicraft.  

 

                 
 

 (a) Splitting                                              (b) Splicing 

Fig.2 

D. Physical properties of bamboo-hardness 
The Cortex (outermost layer) of the culm wall [1]   has high 

silica content which adds strength. The exterior layer of the 
cortex has a glossy surface called cuticle which has a wax 
coating. This forms a protective shield against insects, wearing 
out or weathering. The extraordinary hardness of the cortex 
was responsible for the bamboo plant being the only plant to 
survive the radiation of an Atom bomb during the Hiroshima 
bombing. This property is used in China in the form of 
bamboo splints for covering wooden staircases to protect them 
from wearing out. 

E.  Physical properties of bamboo-Thermal conductivity 
Coefficient of thermal conductivity of bamboo [1] is 

slightly higher than that of wood but not worth being 
accounted for. The thermal conductivity of wood is two to 
four times that of common insulating materials. 

F. Mechanical Properties 
As per Japan research of 1932 by Sioti Uno the top part of 

the culm is [1] stronger in compression than the central and 
lower part. Also the central part is stronger in tension than the 
upper and the lower part of the culm. In some species the 
exterior layer of the culm wall of the lower part of the culm is 
5.5 times stronger than the interior layer. The knowledge and 
data about the varying strength and the structural behavior 
helps in its application as a reinforcement in concrete instead 
of steel bars.  
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VI. IMPROVING THE NATURAL DURABILITY OF BAMBOO-SOME 
GENERAL RULES 

A. Choice of Species  
Less starch content ensures less susceptibility to insect 

attack. Choose bamboo varieties accordingly for construction.  

B. Harvesting time 
Harvest giant bamboos during rainy season at the end of 

sprouting period of shoots when the starch content of the 
mother plant is the least in the culms. Starch content is highest 
in the driest months before the rainy season and sprouting.  

C.  Cutting methods  
Cut the culms at the base over the first node located above 

the base using a machete not an axe. Leave no room for water 
to collect over the node during rains. 

D. Cutting age 
For construction and manufacturing of composites, the 

cutting age recommended is about 3-4 years in the grove when 
it is mature. For floor tiles 4-5 yrs is needed.  

E. Seasoning  
Air drying or kiln drying is highly necessary. 

F. Appropriate  technology 
Use of appropriate construction technology for protecting 

bamboo structures can make bamboo structures durable. 

VII. TREATMENT OF BAMBOO 

A. Curing 
1. Curing in the Clump 
2. Curing By Immersion 
3. Curing With Heat 
4. Curing By Smoking 
5. Curing With Mud 
6. Curing in Beach Sand 
7. Curing by Sea Water Supernatants 
8. Protection by White Washing 

B. Chemical Short Term 
Temporary or prophylactic treatment (against fungus and 

insects) for storage in paper mill yards or forest depots or 
transportation of green bamboo in open trucks by using 
(coverage rate of 24 liters per ton) a)   Boric acid + borax (1:1) 
2 % solution or  b)   Sodium penta chlorophenate + Boric acid 
+ borax (0.5:1:1)  2.5 % solution               

C.  Chemical Long Term 
Open tank method using 30 days immersion in a 5% 

aqueous solution of copper-chrome –arsenic (CCA). Hot –cold 
dipping in 20% solution of copper Sulphate and Zinchromate 
followed by 20% sodium dichromate.  

D. Bamboo – seasoning 
Air drying is carried out by stacking in upright position, to 

reduce drying time. Rate of drying slows down with time. Kiln 
drying only for bamboo splints, as for round sections rapid 

drying in kiln results in surface cracking and splitting due to 
excessive shrinkage. 

VIII. CONSTRUCTIONAL DETAILS -SELF HELP POSSIBILITIES 

A. Foundations 

            
  

(a)                          (b) )                          (c) 

Fig.3 

B. Walls 

     
(a)                          (b) )                          (c) 

Fig.4 

C.  Bamboo mesh - grass wall panel [4] 
Sand cement plaster 
Plaster of Paris  
Gunny cloth/ chicken mesh 
Grass 

       
(a)                          (b)   

Fig.5 VNIT students making grass wall panel & Bow beam 

D.  Roofs[4] 

       
(a)                          (b)   

Fig.6 VNIT students making Tortoise shaped dome 

IX. DRASTIC CHANGE IN RESEARCH PATH 

A. Meeting with the Mission Coordinator, Mr. Ajay Kumar, 
of NMBA, (1st July 2010 at New Delhi).  

The mission recognizes that [6] using whole bamboo for 
construction has limitations relating to social acceptability and 
is therefore focusing on bamboo construction in non housing 
projects like schools and colleges, rain shelters, kiosks, guest 
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houses, rooftop structures. For housing the interest has shifted 
to processed bamboo in composite / prefabricated earthquake 
resistant green construction. Various models have been 
developed. Also used in construction of school laboratories 
and libraries, educational institutions campus buildings, 
canteens, residential schools, health centers, resorts, guard 
house, toilets etc. In all the structures Social acceptability has 
been dealt with specifically to make the structures appear as 
close as possible to conventional structures. It has also been 
observed that most typologies where NMBA has used bamboo 
(whole or engineered) require low rise structures 

B. Housing perspective (Meeting with Prof. Neelima Risbud 
SPA New Delhi 

When asked about the usefulness of bamboo as a material 
for mass housing the Professor of Housing had very strong 
views.   The substance of what Prof Neelima Risbud had to 
say about bamboo as a building material for the urban poor is 
cited below. 

Land is a scarce resource, [6] and its intensity of use has to 
increase. All housing solutions have to be geared to ensure 
efficient use of land. The low rise concept is now out dated. 
This appears to be the main limitation of bamboo, as high rise 
is not possible with it. Hence it will not be accepted readily in 
the urban context. There is also a great deal of resistance in the 
society for the use of bamboo, which has to do a lot with the 
Perception of a bamboo house. It is regarded as a poor man’s 
house in India. The Government’s policy of looking at the 
potential users, that is the urban poor, is also totally 
transformed. Currently the Agenda is to have Slum free Cities. 
So how does this material fit in? Bamboo has its own set of 
serious limitations, and the reduction in construction cost is 
only notional, since it will mean a disproportionate increase in 
the land cost due to the low rise nature of bamboo 
construction. Also Land cost is to be seen against the potential 
market cost which further discourages any low rise housing 
solution. 

C. Meeting with IIT Delhi Professor Dr. Sudhakar 
Puttagunta, Founder of the HARITHA Association for 
learning from Environment (HALE), Haritha Eco Trust 

The substance of what he had to say about the non 
acceptance / non popularity of Bamboo as a building material 
for housing, is cited as [6] 
Testing of Bamboo involves installation of very expensive 
machines (Deflection control universal testing machine costs 
Rs. 50 lacs to Rs.1.2 crores .Also testing is very difficult due 
to a) many varieties of bamboo b) Within the same variety 
itself again there are many variations. So the thinking is to use 
less expensive testing methods even if they are not as accurate. 
(Accuracy vs Affordability) 

The most popular varieties of bamboo are Dendro Columus 
Strictus and Arundanacea which are widely available, nearly 
60% of the entire stock of the country.  

Funding is now being made available for constructional use, 
by the Ministry of Rural Development –National Wasteland 
Development Board, which has been identified as the most 

efficient way of conserving soil. Sudhakar terms it as an Eco 
healer not just Eco Friendly  

X. THE CENSUS DEFINITIONS 

A. Pucca (permanent) House  
A Pucca (permanent) house is one, which has walls and 

roof made of the following material. Wall material: Burnt 
bricks, stones (packed with lime or cement), cement concrete, 
timber, Ekra etc. Roof Material: Tiles, GCI (Galvanized 
Corrugated Iron) sheets, asbestos cement sheet, RBC, 
(Reinforced Brick Concrete), RCC (Reinforced Cement 
Concrete) and timber etc. 

B. Kucha (temporary) House 
The walls and/or roof of which are made of material other 

than those mentioned above, such as un-burnt bricks, 
bamboos, mud, grass, reeds, thatch, loosely packed stones, etc. 
are treated as Kucha (temporary) house.  

Semi -Pucca house: A house that has fixed walls made up 
of Pucca (permanent) material but roof is made up of the 
material other than those used for Pucca (permanent)   house. 

Aim would be to bring bamboo from a Kucha (temporary)   
to at least the status of a semi-Pucca (Semi - permanent) 
house.  

XI. INFERENCES 
Inferences that can be drawn from the literature study and 

the discussions with authorities/experts so far suggest that 
whole bamboo construction has limited use, and that for mass 
use engineered bamboo and breakthroughs in its use will have 
to be examined more closely especially for multi-storied 
construction. As such many of the traditional construction 
techniques may have to either be improved or abandoned for 
the purposes of mass housing. 

While its utility as whole bamboo construction cannot be 
ignored for specific building typologies, for it to penetrate the 
housing market it shall require composite construction 
techniques as also an intensive use of prefabricated bamboo 
components in order to be able to substitute the energy 
guzzling construction materials which make the dwelling units 
unaffordable and beyond the reach for a large section urban 
poor.  

Social acceptability is another issue which can be dealt with 
through nontraditional processed bamboo construction and 
architectural design.  

The direction of the study shall therefore hitherto shift to 
processed bamboo construction methods, in bamboo.    

XII. CONCLUSION  

A. Whole Bamboo to Engineered Bamboo. 
As the study evolved, there have been a few major shifts. 

The Focus moved away from whole bamboo to engineered 
bamboo. This was in response to the strong reactions from 
experts indicating that whole bamboo has failed to live up to 
social urbane image. The inability to go multi storied using 
whole bamboo would create tremendous pressure on urban 
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land creating an artificial freeze in the land market. This 
would create an imbalance in the demand and supply for 
public projects and lead to unwarranted increase in land 
prices.  

B. Bamboo Reinforced Concrete 
While analyzing case studies it was observed that bamboo 

dwelling units have comfortably gone up to Ground + 2 floors, 
and even appeared like conventional houses. However it was 
found that in these houses, bamboo had been used as a 
replacement to steel in Reinforced Concrete. 

Since steel constitutes a major part of the cost for the 
structural components it implied that the research be re-
aligned in order to eliminate or minimize the use of steel for 
the key structural components of a dwelling unit. The research 
intention was to harness the tensile strength of bamboo.  

C. Ideal for short span building typologies 
  Large spans are not possible in bamboo; hence it would 

prove to be ideal for a small dwelling unit.   

D. The Revised Scope of the Research 
The scope of the research   is narrow and deep, restricted to 

identifying that very specific template treatment process that 
can convert bamboo into a suitable   reinforcement material in 
concrete for structural elements in a humble dwelling unit. 

E. Resolution of Primary Issues 
The primary issues and concerns are resolved. Why bamboo 

construction is not popular even despite its qualities required 
for structural members in tension.  

F. Limitations and Potentials 
Given its limitations and potentials, how can  best harness 

it's potentials, and counter its limitations.  

G. Detailed analysis of Individual Structural Components 
Detailed analysis of beams, slabs, columns and walls, using 

Bamboo Reinforced Concrete has been undertaken. In this 
way steel may get replaced in the key structural elements of a 
house.  

H. Comparison between SRC and BRC 
 Later a comparison will be made showing the percentage 

saving in the cost of two similar houses, had they been 
reinforced with steel and bamboo respectively. 

In the conclusion of the main study (of which this paper is 
only a part), some guidelines or a national level (special area) 
policy / strategy will be proposed.  

The objective of the analysis is for making a house thus 
designed, to become a part of the mainstream housing, with a 
limited agenda of a) Streamlining the financial/ administrative 
/local level machinery so that special bye laws are framed for 
dwelling units using bamboo for their construction. These 
could extend over seismic zones which may have bamboo 
readily available b) Special relaxations in criteria for housing 
finance for bamboo houses meant for the urban poor to 
increase access to loans cross subsidy and property insurance 

etc. c) Training for pre-processing / treatment and 
customizing bamboo for its use as reinforcement.  
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