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ABSTRACT

Bamboo has for long been considered as one of & important resources that can influence thee stét
society, as it is known to lessen rural povertypewer women and rejuvenate the environment. Woddyespecially in
the tropical and sub-tropical regions, bamboo hesnbtraditionally used as a building material. Bamthas well
established itself in the area of construction.ussge is more prevalent in the rural areas. Rgudt#00 species of
bamboo grow in 14.5 million hectares of land, wite majority growing in Asia, Africa and Latin Aniea.
Approximately, bamboo grows at the rate of 7.5 @oc# a day, with the world record held by a bambboot in Japan
that grew at the rate of 1.2 m in just 24 houramBao is ready for harvest in about four to five rgeim the commercial
varieties. Following their maturation, the wood danharvested multiple times every second yeay;, toatinue to yield
indefinitely in most of the species; however, inms0 the yield is restricted to 120 years. In Indig use of bamboo in
brick making provides an alternative source of meato those living in areas where the soil has weeaged. The rural
community primarily uses bamboo as its constructi@terial, and as such, bamboo is essential inlgi@wng countries. In
rural areas, mainly domestic houses are construetbith are often simple in design. Traditional stoaction methods
rely on local skills and methods. The other striefuconstructed in a rural area include farm amacbuildings and
bridges. In addition, bamboo is used for constngrticaffolds and water pipes, as well as for stingeand reinforcement

of concrete, in both rural and urban settings.
KEYWORDS: Flattened Bamboo, Composite Bamboo, CorrugatediShee

INTRODUCTION
BACKGROUND ON BAMBOO FOR CONSTRUCTION & HOUSING

Bamboo is the world’s fastest growing woody plagrpwing three-times faster than other plant spedielsas
wide applications as it can be easily worked omgisimple tools. Its high strength and low weightkes it a versatile
resource that is also renewable. Universally, baviesed products are profitable, non-timber foresburces, and

therefore are socially and economically relevarimBoo is mainly used in housing, which is one efhiority items on
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the agenda of all governments in the world, i.gprwvide basic infrastructure for dwelling. Bamhiedhe most promisin
material for this purpose. Traditional timber fradesign and construction interconnects the walrfland roof elemen
and they are dependent on each other for stab@itystruction using bamboo is also known to hagéralar approach
and so is suitable as an alternative, cheap catistnuresource. The use of bamboo for foundatiaatiser restricted. Ts
could bebecause they deteriorate and decay quickly wheomtact with the damp earth; however, this may fesgntec
by treating with some very effective preservativ@ensequently, they are primarily employed in cargding walls anc
partitions, and are amtegral part of the structural framework. Bamboati®ng, resilient and lightweight, making it
ideal roofing material. In a rural atmosphere, bamhse continues to transform villages by involvinghe progress ar

expansion of enterprises.
Bamboo Diversity in India

India is the second richest country in bamboo demesources after China. These two countries tegehave
more than half the total bamboo resources glob&harma (1987) reported 136 species of bamboogsraugun India.
Fifty-eight species of bamboo belonging to 10 genera atdliited in the northeastern states alone. Thesf@rea, ove
which bamboos occur in India, on a conservativerade, is 9.57 million hectares, which constitutesut 12.8% of th

total area undernfests (Bahadur and Verma 19. Out of the 22 genera in India, 19 are indigenowstaree exotic

MAJOR BAMBOO GROWING
REGIONS f STATES
AREA Gross
{%) Share

I samecn+dso

North East 28.0 66

Madhya Pradesh 203 12

Maharashtra 99 5

Qrissa 87 7

Andhra Pradesh 7.4 2

Il{arnataka 55 3
Other States20.2 5

{Kerala, UP,

Jharkhand,

West Bengal)

Figure 1
Bamboo Resources iNorth East Regionof India

In India, most species of bamboo are reported fitem nortl-east region (Arunachal, Assam, Manig
Meghalaya, Mizoram, Nagaland, Sikkim, Tripura and3tVBengal- north Bengal Himalaya). Approximately, 1
species, i.e. 50% of the species, have beerrted here. This region is considered as the ceftgenetic diversity fo
Arundinaria, Bambusa, Cephalostachyum and Dendrocalamus. In addition, Dinochloa, Melocanna and Thamnocalamus

are also predominantly found.

Index Copernicus Value: 3.C- Articles can be sent teeditor@impactjournals.us




Devise/Formulate an Appropriate Design and Technolgy Transfer Process to 3
Existing Bamboo Processing Craftsmen and Handicra$tIndustry to

Use Modern Manufacturing Processes and Methodology be

Effective in Forming the Supply Chain for Mass Mandacturing of

Bamboo Based Products in Construction and HousingsaWood Substitute

Table 1
State Bamboo Growing Area (Sq. Km.) | Bamboo Stock (Million tons)

Mizoram 9210 10.89

Assam 8213 13.41
Arunachal Pradesh 4590 9.84

Manipur 3692 11.47
Meghalaya 3102 4.41

Tripura 939 0.86

Nagaland 758 3.66

Total 30504 54.53

Distribution of Main Species of Bamboo in India

India has one of the richest bamboo resourcesanitbrid, second only to China in Bamboo productidhe
annual bamboo production in the country is estichatie3.23 million tons. According to Forest Sunafyindia (FSI), in
India bamboo grows in 8.96 million hectares of &rarea, which constitutes about 12.8% of totatdbrarea of the
country. Of this, nearly 28% occur in the North teas States, followed by 20.3% in Madhya PradesB0% in
Maharashtra, 8.7% in Orissa, 7.4% in Andhra Prade&4 in Karnataka and the balance is spreadinwaher states.

Table 2

Species States/UTs
Arunachal Pradesh, Karnataka, Orissa, Maharadtimaachal Pradesh,
Andhra Pradesh and Guijarat

Bambusa arundinacea

Bambusa bal cooa Arunachal Pradesh, Mizoram

Bambusa pallida Arunachal Pradesh, Nagaland, Mizoram, Tripura
Bambusa tulda Arunachal Pradesh, Assam, Mizoram, Nagaland, Taipur
Bambusa polymorpha Tripura

Dendrocalamus hamiltonii Arunachal Pradesh, Assam, Mizoram, Nagaland
Dendrocalamus longispathus Mizoram

Andhra Pradesh, Assam, Gujarat, Maharashtra, Hiatd&adesh,

Dendrocalamus strictus Madhya Pradesh, Manipur, Orissa, Karnataka, Uttadésh, Rajasthan

Melocanna bambusoides Assam, Mizoram, Nagaland, Tripura, Manipur, Megiala
Neebenzia balcooa Nagaland

Oxytenanthera nigrociliata Tripura, Assam

Oxytenanthera parviflora Assam

Pseudostachyus polymorphium | Arunachal Pradesh

Polystachia pargracile Orissa
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Distribution of Bamboo Species in India

Species Availabil States

ity %

Growing

Stock
D. strictus 45 Meghalaya, Manipur, Nagaland, Orissa
M. baccifera Assam, Manipur, Meghalaya, Mizoram,

Tripura

B. Nagaland, Karmataka, Orissa
arundinacia
[» Arunachal Pradesh, Assam, Nagaland
hhamiltonii
B. tulda 5 Arunachal Pradesh, Nagaland, Tripura
B. pallida 4 Arunachal Pradesh, Nagaland, Tripura

Rest

Figure 2
Characteristics of Bamboo as Construction Materials

Bamboo is a grass common in tropical zones. Simge immemorial, it has been used for constructiod for
preparing artifacts. However, until recently, itsage was limited to small, poor establishmentspitiediaving superior
mechanical (tension and bending) and anatomicglepties, as well as being lightweight, in compariso timber. Its
hollow, circular configuration differs from the nalgr, rectangular timber and presents both advastagd disadvantages.

Further, its cellulosic fibers also pose severallelnges in its suitability for construction.

The details as given in Table below with varioustdefor strength and mechanical properties andgdesiles
which have been put forward by INBAR (ISO-22156122, ISO/DTR-23157.2).

In areas prone to earthquakes, bamboo can be sfbesised for housing. It is naturally highly igtsnt to
earthquakes as it is both lightweight and holldveréby having high stiffness in relation to weigdéamboo houses suffer
relatively minor damages in an earthquake, and pnayide shelter in the aftermath.
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Comparison of Mechanical Properties between Bamboand Rectangular Lumber

Proparty Bamboo Rectangular Lumber Assumptions
. N s For most bamboos,
1 Moment 1 = 0.404° I = 0.18A° d = internal dismeter
of Inertia. | = 0,820
& For timber, mostly
h=2xb
2 Optrrunm e Ecellulose =
Material 400047 224047 70.000M/mm*
Usa, E » Efibre =

35.000M/mm”

s+ 50% of cross-
section of fibre is
oillulose

» E=350x% of fibres

& [n bambooa, fibre s
80% on outside and
10% on inside. heance
Eoutside = 35080 =
21.000M/mm* and
Einside = 250x10 =

A500M/mm’
* Edshoma =
14,000/ mim™
Banding « Compression stress during | « Tmber will not regan & Poisson cosfficient
bending may result in original length when for bamboo = 0.3.
transverse strain in fibres load is removed,
of top face of culm. Lignin
in fibres is wesak in strain
Coharence in cross-
section is lost and El drops
dramatically
& If load removed culm
returns to onginal straight
form
- Shear = Shear in neutral layer = = [Larger thickness fo
1.3x shear for imber resist shear.
» Smaller thickness {o resist * Has rays. Rays are
ahear meshanically weak
* Larger forces on bolt Hence, timber material
fastnesrs at joints is waaker in shear
+ Advantage of not having a than bamboo materkal.
ray structure is nullified by
hollow nature
5 Torsion * Better torsional resistance » Poorer torsional
dua to circular shape resistance because of
Sharp Sofmers.
Property Bamboo Rectangular Lumber Assumptions
8. Wind =« Bending stress due to wind
Resistance is constant ower height of
culimn.

s A% top (near skin) wvessels
decreases and celluloss
replaces wessels, leading
to increase resistance to

bending stress.

T Compression | »« Because of hollow nature = Solid nature makes for
and thus greater distance of better compres-sion
=olid mass from canter. resistance and reduced
longitudinal shortening is lateral strain.

greater and thus grester the
likelihood of latersl strain in
lignin.
# Friction due to clamping st
top and bottormn of culm
reducas lateral strain.
Amount of lignin deter-
mines compressve
strength not cellulosa.
8. | Density 700 — 200&gim” 250kgim”

Figure 3

Bamboo has varying specific gravity (0.5 to 0.78)d a density of about 648 kg/m3 (40.5 Ib./ft3)hédtarticle
claimed that the average specific gravity of bami@wed from 0.3 to 0.8 [14]. Density is the mdgmtor that influences
the mechanical properties, and it is closely relatethe proportion of vascular bundles. Shear,pression parallel to
grain, bending at proportional limit and MOE areretated with density and moisture content. Theeolegtion is that as
moisture content decreases the mechanical propémntieease, and as the density decreases the neadhaoperties also
decrease. This behavior is similar to mechanicaperties of wood. Vascular bundle distribution sitively correlated

with all the strength properties except for MOR.s®aar bundle size (radialtangential ratio) arigeffi length are
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positively correlated with compression strengtipdieg stress at proportional limit and MOE. Therdese in tangential
size of the vascular bundle (mature stage or highéial/tangential ratio) was accompanied by ameiase in strength

properties.

Main characteristic features, which make bamboa pstential building material, are its high tensile=ngth and
very good weight to strength ratio. It can be gasibrked upon by simple tools and machines. Thength-weight ratio of
bamboo also supports its use as a highly resiligaterial against forces created by high velocitgdsi and earthquakes.
Above all bamboo is renewable raw material resotna® agro-forestry and if properly treated andusidially processed,
components made by bamboo can have a reasonablef IO to 40 years. Though natural durability afrboo varies
according to species and the types of treatmeatsed uses and applications in building constructiave established

bamboo as an environment-friendly, energy-efficeamd cost-effective construction material.

Species Preferable for Construction in India

+ Bambusa nutans

* Dendrocalamus brandisii

* Oxytenanthera stocksii

* Melocanna bambusoides
* Dendrocalamus strictus

* Dendrocalamus hamiltonii
+ Dendrocalamus giganteus
* Bambusa bambos

+ Bambusa polymorpha

+ Bambusa balcooa

Figure 4
Fiber Texture and Mechanical Graded Structure of Banboo

Among plants, bamboo has a unique structure whesbmbles that of a unidirectional, fiber-reinforcednposite
with many nodes along its length. Furthermore, baatsgrowth rate is very fast, producing an adek in only one year.
This paper demonstrates that bamboo has a funtlfiagraded and hierarchical structure. Bamboo'sndigr, thickness
and inter-nodal length have a macroscopically gtasteucture while the fiber distribution exhibitsnaicroscopically
graded architecture, which lead to smart propedidsamboo. The reinforcing fibers are orientechglthe bamboo's culm
(trunk), whereas in the nodes the fibers becomanghtd in a complicated manner to produce nodels isitropic

properties that provide additional reinforcememttfe culm.
Grading is sorting out bamboo on the basis of dtarstics important for structural utilization asder:
e Diameter and length of culm,
e Taper of culm,
e  Straightness of culm,
* Inter nodal length,
»  Wall thickness,

» Density and strength,
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Durability and seasoning.

One of the above characteristics or sometimes amatibin of 2 or 3 characteristics form the basigraiding. The

culms shall be segregated speciesse.

Diameter and Length

Taper

Gradation according to the Mean Outer Diameter

For structural Group A and Group B species, culhal e segregated in steps of 10 mm of mean alideneter

as follows:

Foecial Grade 70mm <Diameter <100mm

Grade | 50mm < Diameter <70mm

Grade Il 30mm < Diameter <50mm

Grade |1l Diameter <30mm

For structural Group C species culms shall be gded in steps of 20 mm of mean outer diameter:
Grade | 80 mm< Diameter <100 mm

Grade Il 60 mm < Diameter< 80 mm

Grade Il Diameter <60 mm

The minimum length of culms shall be preferably éomfacilitating close fittings at joints.

The taper shall not be more than 5.8 mm per meteyth (or 0.58 percent) of bamboo in any gradeaafilivo.

Curvature

The maximum curvature shall not be more than 75imanlength of 6 m of any grade of bamboo.

Wall Thickness

Preferably minimum wall thickness of 8 mm shallused for load bearing members.

Defects and Permissible Characteristics

Dead and immature bamboos, bore/GHOON holes, declgpse, checks more than 3 mm in depth, shadMoe
ided.

Protruded portion of the nodes shall be flushedadmd@amboo shall be used after at least six weékalling.
Broken, damaged and discolored bamboo shall betegje

Matured bamboo of at least 4 years of age shaliskd.
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Durability

The natural durability of bamboo is low and varietween 12 months and 36 months depending on #wmesp
and climatic conditions. In tropical countries thie deterioration is very severe, Bamboos are gdiyatestroyed in about
one to two years’ time when used in the open antbimtact with ground while a service life of twoftee years can be
expected from bamboo when used under cover andfoabntact with ground. The mechanical strengthbamboo
deteriorates rapidly with the onset of fungal deitathe sclerenchymatous fibers. Split bamboo isemapidly destroyed

than round bamboo. For making bamboo durable,tdaitaeatment shall be given.
Treatability

Due to difference in the anatomical structure ofmbao as compared to timber, bamboo behaves entirely

differently from wood during treatment with presative.

Bamboos are difficult to treat by normal presemmatmethods in dry condition and therefore treatmertest

carried out in green condition.
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Figure 5

Structural Design Using Bamboo- Code of Practice

General principles involved in the design of stamat bamboo in buildings with regard to mechanreglistance
and durability of structures. It covers minimumesigth data, dimensional stability, grading requeata and traditional
bamboo joints for quality assurance. Work on daerication of components off-site and their er@cton site is covered
to the extent necessary to indicate and ensurguhéty of material and standard of workmanshipctonply with the

assumptions of the design rules and the limitations
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LIST OF REFERRED INDIAN STANDARDS

IS No. Title IS No. Title
875 Design loads for building and (Part 17) : 1983|Long time loading test of plywood
structures: strips (second revision)
(Part 1) : 1987 Unit weights of building material and (Part 18) : 1983 Impact resistance test on the surface
stored malerials (second revision) of plywood (second revision)
(Part 2) : 1987 Imposed loads (second revision) 1902 : 2006 Preservation of bamboo and cane for
(Part 3) : 1987 Wind loads (second revision) non-structural purposes (second
(Part 4) : 1987 Snow loads (second revision) revision)
(Part 5) : 1987 Special Ioad_s_and load combinations 2366 1983 Code of practice for nail-jointed
(second revision) timber construction (first revision)
1734 Methods of test for plywood: 2380 Methods of test for wood particle
(Part 4) : 1983 Determination of glue shear strength boards and boards from other
3 (second r evfsfu‘n) . lignocellulosic materials:
(Part 5) : 198 Teslt for adhesion of plies (second (Part 4) : 1977 Determination of static bending
revision) strength (first revision)
. 3 - - - ‘ =
(Part 9) : 198 Determmat}ctn of tensile strength (Part 5) : 1977 Determination of tensile strength
(second revision) erpendicular to surface (first
(Part 10) : 1983 Determination of compressive P .p. : '
L. revision)
strength (second revision) Part 6): 1977 Determinati f tensile strenath
(Part 11) : 1983 Determination of static bending (Part 6) : Ltum'"‘l‘um_] 0 u'rfbl N _sll_rc.nz,t
strength (second revision) parallel to bur! ace (first mw.m.m)
(Part 12) : 1983 Determination of scarf joint strength 4407 : 1967 Code of practice for reed walling
. ioi ethod of test for nail jointed timber
(second revision) 4924 Method of test ft il jointed timbe:
(Part 13) : 1983 Determination of panel shear strength Lrusses:
(second revision) (Part 1) : 1968 Destructive test
(Part 14) : 1983 Determination of plate shear strength (Part 2) : 1968  Proof test
(second revision) 6874 : 2008 Method of test for round bamboo
(Part 15) : 1983 Central loading of plate test (second (first revision)
revision) 9096 : 2006 Code of practice for preservation of
(Part 16) : 1983 Vibration of plywood plate test bamboo for structural purposes (first
(second revision) revision)
Figure 6

Design Considerations for Structures

All structural members, assemblies or framework ibuilding shall be capable of sustaining, withexiteeding
the limits of stress specified, the worst combmatdf all loadings. A fundamental aspect of desigih be to determine
the forces to which the structure/ structural eletmaight be subjected to, starting from the road aorking down to the

soil by transferring the forces through various poments and connections.

Unlike timber, bamboo properties do not relate w@lspecies, being dependent among other factorppsition
of the culm, geographic location and age. The @dh timber engineering is to base designs oa safrking stresses
and the same may be adapted to bamboo with théationis that practical experience rather than peecialculations

generally govern the detailing.
Bamboo as Construction Materials

Research indicates that the ultimate tensile stheofgsome bamboo species is similar to that oflrsieel at yield

point. This fact in association with the aforemen&d merits enhances the use of bamboo for cotistnuc

Bamboo is a versatile material. It has high strerigtweight ratio, is easy to work with and is &asivailable.

However, it should be chemically treated prior sage to prevent decay, as it is not naturally daerdbcan be used for
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making roof structure, such as purlins, rafters agapers, for flooring, doors and windows, wallsiling, man-hole

covers, etc.
Bamboo Trusses

Bamboo is as strong as the popularly used timberdwsuch as teak and sal. Experiments involvingma gpan
truss of round bamboo and different jointing tegjueis for web-chord connections displayed similaults as that of

timber.
Bamboo Roofs Skeleton

The framework of bamboo roofs is made by trussafters, and solid bamboo purlins are laid oveni &shed

to the rafter with G.I. wire. A mesh of halved barokis made and is lashed to the purlins to cowerdiof.
Bamboo Walling/Ceiling

As the bamboo material is light in weight it is maxdvantageous in earthquake prone areas as itsezhaf
falling are very less and even if it falls it cam te-erected easily with less human and propesty Vath least efforts and

minimum cost. Bamboo walls can be constructed fiieidint modes like
* Whole stem, halved or strips of bamboo can natbeaie or both the sides of the bamboo frame

e Split bamboo mats can be fastened to the bambads posnats can be woven, mud can also be applibdtto

sides of such mats
e Bamboo strips nailed to bamboo frame or postsrfi@rior walling
* Cement or lime plastering can be done on the mudromy for better appearance and hygiene.

It has been found that the bamboo in the verticaitipn is more durable than in horizontal direatid-or

partition walls only single layer of bamboo strgge used.
Bamboo Doors and Windows

Bamboo frames can replace timber frames appropgodtenction. Bamboo mat shutters fixed to bambaonk or
a panel of bamboo board fixed to the frame whidhinged to the wall can be used as door. Smalldchopenings hinged

to the top in the wall can serve as windows.
Bamboo Flooring

Bamboo can be used as flooring material due tbdtser wear and tear resistance and its resilipnoperties.
Whole culms act as frame work and the floor cox@itndone using split bamboo, bamboo boards, ntatdhg means of

wire lashing these to the frame.
Reed Boards

Reed boards are made by flat pressing the reeiglatémperatures. These reed boards are usedmests like

flooring, walls, ceiling and roofing. They can alse used for partitions, doors, windows etc.

Index Copernicus Value: 3.0 - Articles can be senb editor@impactjournals.us




Devise/Formulate an Appropriate Design and Technolgy Transfer Process to 11
Existing Bamboo Processing Craftsmen and Handicra$tIndustry to

Use Modern Manufacturing Processes and Methodology be

Effective in Forming the Supply Chain for Mass Mandacturing of
Bamboo Based Products in Construction and HousingsaWood Substitute

Scaffolding

Bamboo poles lashed together have been used dsldwaf in high rise structures due to their stréngnd

resilience. The timber planks can be replaced hdttmboo culms and these can be lashed to the \lexticas.

LITERATURE REVIEW ON JOINTS
Design and Techniques of Joints

Bamboo Joints

Round, tubular form of bamboo requires an appradifferent to that used for sawn timber. Susceptibilo
crushing at the open ends, splitting tendency,atian in diameter, wall thickness and straightnass some of the

associated issues which have to be taken careitef ddsigning and detailing the connections witmbao.
Traditional Practices

Such joining methods revolve around lashing orgyiry rope or string with or without pegs or dowedsich

joints lack stiffness and have low efficiency.
Lap Joint

In this case, end of one piece of bamboo is madap@ver that of the other in line and the whaesiitably
fastened. It may be full lapping or half lappingullFsection culms are overlapped by at least orntermode and tied
together in two or three places. Efficiency coudditmproved by using bamboo or hardwood dowelsalflapping, culms
shall preferably be of similar diameter and cutgituidinally to half depth over at least one intetedength and fastened

as per full lap joint.

= T B |
] |
2

6.4.2.(a)- Full-Lapped spliced joint Bamboo or
(Over - Lapped atlest one internode)  Hardwood dowel —

( T I v o
0 I A 0 {

6.4.2.(b)- Full-Lapped spliced joint
(Similar diameter; One interno de length)

S

y\
|
|

i ]

o)

—

[ui
r

Figure 7
Butt Joint

Culms of similar diameter are butted end to endratinnected by means of side plates made of quanted
culm of slightly large diameter bamboo, for twomore internode lengths. Assembly shall be fixed ted preferably

with dowel pins. This joint transfers both compressnd tensile forces equally well.
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Sleeves and Inserts

Short length of bamboo of appropriate diameter mayused either externally or internally to join tealms

together.
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Figure 9

Modern Practices
Following are some of the modern practices for baarjbinting:

Plywood or solid timber gusset plates maybe usgdirtt assemblies of web and chord connection fiuss and
fixed with bamboo pins or bolts. Hollow cavitieslEmboo need to be stuffed with wooden plugs.

Use of wooden inserts to reinforce the ends ofbiémmboo before forming the joints. Alternativelyedtbands

clamps with integral bolt/ eye may be fitted arotlmainboo sections for jointing.

Rafter
Bamboo purlin—,

o /"oﬁ
2 Bottam @ )/

//o/ :i - Chord ,/?,\:-x/

Figure 10
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Modern connection by Shoei Yoh in 1989. For his bamroofs in Fukuoka, Shoei Yoh used a steel twiénpo
the bamboo and which is connected to the cane valts. Because of the numerous bolts the connetiatso suitable
for greater loads.

Figure 11
Modern connection by Renzo Piano Building Workshmi997. The canes are connected to a specialrassig
steel element via binding wire. Instead of a beiveh through bar and cane, a wire is tied throtlgh holes and tied
around the bamboo.

Figure 12
Wood Core Connection

A piece of wood can be used and glue can be emgltuystick it to the inner surface of the bambowoTslots
are needed in the bamboo cane to control crackimopgl the insertion of the wood cylinder. The wofitting can be
extended outside the culm to meet the out comiegepbf wood from other elements, then normal wooastruction
methods can be used for connection.

Figure 13
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Supply Chain Management of Bamboo Products for Cortauctions

In India, several issues in its value chain plaglue progress of the domestic bamboo industry. Tural r
populations are the primary users, but lack tecirégpertise. There are several challenges inrdgsysement, including
regulatory and legislative barriers for its cultiem and harvest. Shortage of market linkages @auplith insufficient
market demand constrain its usage to the perspaakes Moreover, small firms that have insufficieapital to research
and develop value-added products or enhance thityqoé the existing ones produce bamboo produatdustrially.
Studies on the bamboo industry in India are scamih inadequate data regarding its trade and comene
Conventionally, bamboo has been confined to thelicaafts sector, as it is considered as a meatigatihood promotion.
Government programs too fail to realize the indabprotential of bamboo. Conflicting legislationrapounded by archaic

and confusing regulatory regimes have thwartegtbspective uses of bamboo.

SCOPE OF STUDY
Objectives of Study

»  Study of properties of most used species in Asgasupport supply chain management of mass manuiiagtu

processes of bamboo based products in construatidmousing as wood substitute using traditioreftemen.

e Study the role of present traditional technologiesupporting the implementation of advance tecbgyland

design aspects to the sector.

» Study the level of possible blend of TraditionaldaModern technology in the process so that there is

improvement in production standards, and applicatiothe products.
e Study the extent of improvements/ developmentsproduct line with this blend.

» Study possible Integration of available infrastuuat facilities for development of bamboo sectoAssam as per

above objectives.
Research Questions

The overall design question will be relevant irdfirg the right form, technique or system. The tédirresearch
guestions will try to focus on a specific interagthin the broader field of bamboo research. Masffgrably a technical

research generates input for the design processtollowing design questions are:

* In what way bamboo can be reinvented and use & stsuctural building material to produce econoinéarad

safer housing and to increase traditional craftshg?
» What kind of bamboo structures is relevant to improonstruction properties in a low cost way?
* How is the image of bamboo constructed and hownaohange it?

» Regarding the existing bamboo construction methbdg; can they be used or recombined to improve tath

aesthetic and constructive value?

*  Which methods of glue less ‘all-wood’ joining ex&std how can they be applied to bamboo?
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Research Methods

* Inthe course of a three-week field trip, visuad @aextual information would be gathered via quesiares. There
will be a set of prepared questions and visualswal as spontaneous conversations obtaining vaduabl

information.

» Furthermore, the existing literature on bamboo wdad reviewed to comprehend the purpose of thdysind its

relevance to fill the lacuna among existing researc

e Thirdly, various tests on mechanical, chemical a@mé&tomical structure will be carried out in Mecluahi

engineering department on the species commonlyadaiin North East States of India.

* Finally, searching for the future of bamboo as astactive building material in the Assam, experniraé

research or prototyping.
Hypothesis

Context specific Design and Technology Transfer wifluence improvement and innovation of tools and
products to facilitate forming of supply chain forass manufacturing of bamboo based products intremtion and

housing as wood substitute.
Design Approach to the Study on Bamboo as Construon Material

Construction industry is one of the most pollutindustries of the world. Production of 1 ton of arhemits > 1
ton of CO2 in the atmosphere and production of i &b steel emits > 2 ton of CO2 in the atmosphéftewever,
production of 1 ton of bamboo consumes only > 1ab@02 of the atmosphere. Bamboo also offers coithgestrength

to mass ratio.

MILD Ultimate Yield Young's Density =
STEEL strength = strength = modulus = 7850 kg/m?3
410 MPa 250 MPa 200 GPa
CONCRETE | Tensile Compressive | Youndg’'s Density =
(Grade M 30) strength = strength = modulus = 2400 kg/m?
3.8 MPa 38 MPa 27 GPa
BAMBOO Tensile Compressive | Young’s Density =
5;’;:“:3‘;"’"‘“5 strength = strength = modulus = 700 kg/m=
(Ghavami, 2007) 120 MPa 55 MPa 140 GPa
Figure 14

Internal Constraints Desi istics
Material properties External constraints

= Anisotropy = Cost effectiveness

- Size & Shape variability = Stability

- Little tangential capacity = Simplicity
= Modulability Strength
= Use of Bamboo

g E
Judgment Criteria
Design profile

= Neo nails, bolts or screws

- Avoid open ends
- Size adaptability
= Axial transference of loads p

Figure 15
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Design Approach to the Study on Supply Chain for Baboo as Construction Material

The Cultivator grows the bamboo or procures itatlyefrom the forests, and represents the inittage of the
supply chain. This sector is dominated by tribalep cut bamboo in forests by flouting the existiegislation. Small
farmers also grow bamboo alongside their reguiapsrAggregator Middlemen purchase this bamboo ftwrCultivator.
The Aggregator Middlemen collect the bamboo and is@repending on its quality grade. The Aggregataddiemen in
turn deliver the bamboo to traders, who transpmetliamboo to bazaars in large urban centres. Metouéa's purchase
them at an exorbitant price, but it is generallpghp sorted, unprocessed, and varies in qualitys Thuses wastage as
high as 50%.

Cultivator

Aooregator
Middlemen Retailers
(2-2 levels)

Traders in |
unprocessed | Manufacturers Consumers
Bamboo

Figure 16

In India, commencing from the level of productitine value chain of bamboo depicts that numeroulectues
need to be met at all stages. To present theskebas, the value chain is fashioned as per tiestef the Production to

Consumption system framework developed by Belct@95.

PRODUCTION TO CONSUMPTION SYSTEM

Increasing Intensity of Capital

Primary
Preparation

i |
Secondary
S

Procurement

Primary
Processing
Secondary

Production Consumption

Figure 17

CONCLUSIONS

As Bamboo has been an intrinsic part of humantlifeugh the ages. It played a pivotal role in thegpess of
mankind. In addition to its usage as a woody malteit was also used as food, and thus was popotaseveral daily
activities. Worldwide, bamboo is recognized as llaekbone of rural life; this reputation of bambamtinues as the
population increases. It is easily available impjeand has characteristics of a top-grade bugldivaterial, allowing its
extensive usage in the construction field. It isremmically suitable and also its rate of produtfivs very high. In fact,
annual harvest yield of bamboo surpasses the yikldny other naturally growing resource. Three aurfstructural
bamboo plants would mature in four or five yeansd a&ight years later, it would provide enough mateo build a
comfortable, low cost house. Therefore, it not oplpmotes economic development, but is also a isadtie wood

substitute. Thus, the usage of bamboo protectstfoesources and the ecological environment.
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