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1. Introduction
Bamboowoodyraskaslwapeeknowasanenduringrsaithal
renewable rdshceuwecare more than 125 species of bamboo
acrok&enera.
Intndibambagoeswiabotél@hafforestlibmadiditismhstantial
bamboesourcres ltivatmd mestlaagrivetlntataomigroves.
Sixtjperceffheountbmboosouroesndvolumaeddpecent
internagsearenth@ortheegidiméotalstimastteodob amboesource
in the couh3i0y Nishe estimated ashwdl breantbedi anis around
13.@m{mmtjoufiftbEhgrowistgp okbambionbndiccomprikeee
speciPendcalansusictibs3%Bambusamb¢sE5%)ndMelocanna
baccifelra%pecsaistabdeommerzpplicatioBhaspéfrogshoots
antimbeD)hamilt¢hashoot stock$oerafttructandlousehold
applicatao@shamb8dalcoBauldBnutaas® stric(fiewood
substitutesdprdiafp O(2006hHeotalrelanddm@ambobdndiial 990
was 1@,PD0 ha, which was Iin36&a®®d ha In 2005. Of thes
1,754, 0@k nendprivatewnersamnpheesnhetavevnddrests.
Ingenertdlereerewaypesfbambo(@pproximbgeneosal ,250
speciashavorlid)ividadcordtisthegrowplatteTmopictekdmboos
(approximBgteneosar5Gpeciaspalgyownclumpshichrealled
sympoticahboblspatteofnlumpaalswarfFoexampbplambowl ms
withaclumpmabelosaslyac®@dbambosdooseaslyreadtB vulgaris).
Onthethdranglack&€hinendapdamston-clump-formuimmger
bambo@allmnopotdeahboblsgte ndutongndgroumbdizomes.
Individshad actemeuo the si@ d@ro untdizo mSysmp o dthicarh b o s w
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fastelramonopobdaahbososthavahighgrelthegahullyejuvenate
withaheweaofutting.

Infndialump-forndmgp ¢oympodeahbooshstitaveg7per
cemtitheotgrowistgpcM.baccifanmelump-formimdp @aecounts
for20percenofthegrowirsgoc&ndsfouninthenortheasstteartres
(ICFR®,01).

Theannual bamboo harvest in Indiaisreported to be 13.5 Mmt; however, annual
productioworkedtdb &M min2003-200diryJonsidehadgmaverage,
25@ivdriedImseigihneonrmendh@ricisarouRal,6@uctirane
about USH4Basen estimhate®dr cehttlpsoductioseikting
papangulindustairetheessconsumedurabnstructcddlding,
handicraftendir@portedpywtonlgnadenoifitbambpotenairad
itshaimhglobrahrkiednly about 4 per cent (PIB, 2004).

The decline in timber availability and the emer g rce of new technologies and
product options have spurred interest in bamboo-based composites and wood
substitutes. Many bamboo-based composites provide promisinbinkadeetween
theganizeduamdanized séatomnsstaasen-bondeddgaaided)
madéronhandvovematéunganizedhidighlighiepotentiiad
employmessyte ciiablye alsaatree lativda byad v an flalgeeid).h @stority
because of the employment iBadesbeawegn andudtrith Ealle umkts
and the cottage sector, needsto be accorded to mat-based composite s .

Extensive $&tnmkiemeemiedimuPlIRotthe wsfebamboo/bamboc
composigdeshsbambaonaboarBMBphambovavveneeomposite
(BMVChambomtorrugasteadéBMC S)ambomtidgeagBMRC),
bambowamouldskliiboarBMMSB)tcwhichaneatoreduction
pressomeon-renewablieimgteriradupellutacrteatbsubstantial
engyconservaltnohhevordsambaondambeomposetageas
potential stawmdtercad-frhenldliyng mdteeidNIMBortsdisovelop
andommercithlazevan@droduznhsipplicatiavieacreathaedlue
addadilizatimmacofyhddambeectpaxcludinbpngapdncense
stichathandicrarfos)0,000eannudrurir2g Odoabod®9 0, 0tQle r
annuduri2gOo@ anareBand208).

Bambogsatalholloewlindrgcak®ntaimodgasunifoimterval
alonigdullengtfihhdibreemaahignalbnidpelengtherestsodes
fibrgsowcrothsengaht@iormdiaphragbhthéolloow lindrpaaotf
thdbambdmbomtynatufakrmhaseveuaslessspecimldyubamboo
whicitsvergtromgpdlurab$ep.lbtambosvergusceptidfluengasnd
termigdetacklegsvemroppreservatewda mémndonvédramb oroto
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paneltwoodlik@eroduptelimirmpanycessifhgmboswequimerdch
converts hcalfybiwdrical bamdboic rmvo materials shiaems/bam
stripadbeusefdfurtherrocesbihmse fuliodudtamboanlsmesplit
opearusheendlueadanegtoducts.

2. BamboRrocessing
Processeifmgmbbmpanahdtructpradubtesysia@mponenihsr
utilityemfurnitireambbaminaeeenvolviewsstegaprimary
procesoifbgmbaoeagbamboéabamboa{Fi.1andb)ndustrial
proces®ipgocessnmgasobousefadbmponenghambao@mboard,
bambleanina¢edFi@.2.).

Fig. 2.2. Pilot plantfom&RuRaetaf bamboo mat board
(2.44 m x1.22 m size).
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2.1PRrimaPyrocessing
Theraditiomatthodbambpoocespimagtibgdraftsmrenillagess
pureaynanumiocesoimegratisnnagnipneéoodalléedaorknifall
processintgvifi@geross-custphigtinlgls]ivertickakingtcare
doneithhbelpfthitool.
Themanupltocessahlypambadsveryabountensiteadiownd
monotonitabsieadsth@roducofpooqualidlhivessickestcand
generatesgastagr@awn aterials.
Thenachinemployaebdambepoelimimaocessomyroductobn
sliveasdlaminagdesamboposs-cuhtanibambeplittimgchine
withnivebsambeplittimgchimighircusamwbambwod thi zirkg,ot
removingpbarmdng maltdimbeo o Soduer plamarcdiine siareeplaning
machibhambasbtamakimgachimambasbivemakimgachidfd.ese
machinegrese maybeyafewndiammnufacturers.

2.1.Bambomoross-cuttmraghine
Thimachiisesefbmakimgtraigsgmpodhdquaceacrotstseulms
withodgvelopmfangdditicpidiisgheulmanbeadalrasteduction
inravwnatenvalstaftaungstcanbitdpp ¢ dC Blawsusefdcross-cutting
bambowlnandineegseriodeesharp drieigaprovisimhenachine
whetbaeesirlechgoibamboabecross-camepres8afequardse
providetthemnachitmea kearetheafeagpedtsingeration.

2.1.Bambooplittimachimeitiknives
Theaifunctioohimachistecaroysplittofgmbowlnwsithnives
tothelesirgddtiheoodsefdbsplittingal l&aifreanginifeingesre
availabitknivpbacadiffereimtterspacésenehastuithdiameter
ofbambowlmanthentendwddtdfsplécaheselecieddambowl nas e
presasdhovddsatgaihlsénifrengithpushichgvimeviogasliding
bedyhiclesuhinstantamedumultanepluttarcdi afedyaraise
providendhenachimed houbbdnpladetakearefsafeityoperation.
Howevadequmaitecautaobskedurimgperatithenachitoprevent
accidamtjury

2.1.Bambooplittimachimeititirculaaws

Thismachineisemployed for splitting bamboo using circular sawsto get pardle width.
Theadvantage of thismachineisthat uniform width can beobtained for splitsevenif there
is tapering in diameter of bamboo culms. Uniformity in split width is a very essential
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requirement in the manufacture of bamboo laminatesor floor tiles. Inthism a ¢ h i tveo
paralmelunfle@Bawsstidchdesirsgpditidttigheuttiagtion.

2.1.Bambowidthizingpotemovimgdlanimgachine
Thimachineergfectiimearryorughelaniogeratismeorisdone
bytwaarbidetteTheisalsprovisiotihhenachitordoothdunctions
suchwvidthziagknaoat mowaitbhéelpfsizikgifenEnatemoving
knifegespectively

2.1.Bambofour-sigkkanimgachine

Planiomfglfousidesdhambetoripdonteyhimachwmigahhéelpffour
carbidettdosheroducoifbambleaominaTé®idihn thick nefsise
stripaheeimhimachiamedmooshrfaaaednifosnzfoalstripse

theredbytained.

2.1 Bambooe-spdenimg@chine
Thelaniafhbambobaominatfedropressompgeratiscrarriedinthis
machiAmnpasenesurfaxfehéaminaspdanaedirglaniowttieoa
smooghrface.

2.1.Bamboolalmakingachine
Thisnachimsautilizartheproductibslabsspreparasoepothe
manufaotslierdoamamakimd.orizontadiyntsddcikigifeHCHR),
whose posatnolmgered deprepodinthhecknessabdf dbhescutting
actiolnhe thickness of slab is normally set to 2.4veam or
thickness.

2.1.Bamboslivemakingachine
Theliveusetbweavimatare@rodudathimachiAe.orizontally
mounteldcikgifevshosgeositiemmoveuwpordowdependipgbhe
desinthdcknefssivaeoeheuttiagtion. The thoc kredfssives
abo0t6dd.& m.
Bambombaseanetbambbaminaweldindhanysesspecially
whenelywoogsbeingseadtpreseioweysucproducbasbefurther
procesindgdtilitye mosrstructuwomponent by further processing. Such
utility items may be a box from bamboo mat panel or furniture from bamboo
laminates. The secondary products can be made in a cottage industry or a small
sister unit adjoining to a bamboo processing units. An improved version of
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carpenter shop can act as such unitsand can be situated where big bamboo mat panel
or laminatesare manufactured.

2.1.Bambotodeatment
Harveshadboosusceptiddereandungakttackariouseatment
practitedeeethevelopethergreatopeappliredeaimthisrea.
Processfeamboreatmaepteprocesssdgdgthbyboilingvatamnd
chemitraelat meanviee emme ld stablishheedisan e etbd eve lfam il foyr
bamboreatme&mdeasorhefosendiinfoindustuisd castoresist
deteriorb¢ifouse.

2.2ndustriRtocessifBroductsndTechnologibsvelopad
IPIRTI)
2.2.Bambomaboard
Usefanpewnaterdepenpoinsuitabfldtarioasplicatisna-vis
thenateredigadysd.evelopmapproprippéicattéohnolplays
anmportaalttnacceptardaeynewnaterBNM.Bisessentieadyered
compogRiegR.2.1.comprising severa layers of woven mats having excellent
internal bond strength, and are resistant to decay, insects and termite attack. They have
physical and mechanical propertiesat par with waterproof plywood and arefire resistant.
Their mechanical properties depend upon thenateruaslefiormakimgats.e.,
bambselovettseveavipatteamthadhesisegdbondi(l@MR1993).
Howevehhegaopertiebealterkychangimgveavipgtteah
bambebiveuseilmamakingefdmakimgaidordeogetequired
values for MOR, M&tEengndihets, it can behbatféemeedtrengtl
andtfhessBMBsrelatmdheveavipgtterfhhenatsloweympodulus
offigid{(MORP)shemoduliBMBnthelamdhboars/erlyiganios
comparable to the required values for structural plywoo¢
IS1070ltisnteresttangitthaM O R B MBaexceddatbothtructural
plywoaddvood.hissattributtdbheherringhwoanevweatte€Ciearly
BMBhrakigin-plangidatytdenceighackistyenghldsmorfdexible
thasmquivapedpwodd.igropeosfMBabeadvantageaseslimany
engineeappgicatiofmeBMBhabeefmunubsefasheathmageriimal
structanalensitructusadichsvallimp@rtitiomasthe etidhogsrkins,
boxurnitbne ptpholldwnwe anguyssatsdontainave.stigdtavsels o
beemndertakthntP IRIwithegatasuitabidfBM B omanufacdtire
secondiaarnpdaircrantdlideesubstifabpeciadlywomadfeom
DysoxyituenhabariecruBralaquekliipticum
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BMBmeatltheequirenpaetsrilbeldeelevamdiampecifications
anbaviefaahucthigherosectiohaelatrengoimpatregdywood.

2.2.Bambomawveneeomposite
InBambomateneeampo¢BtVCOypodenearplacemetwetdre
layeo$hambomat(sFid.2.2.1.). The properties of BMVC depend upon the
mechanical properties of wood veneers that are placed in between bamboo mat
layers, in addition to the properties of the bamboo matandh e dh e s iwseeidh
bonding.

Investigatiosbomawv shhedngtdh mpdmedde lwntation itimber
substantahlgnehdemadiemmcombinawidibamboat8dlOEnd
MORMBMV@rhightdrasmquivapéynwoanthide p e mdth a u m beefr
layeodvenedosagivethicknetBMVCDudothe@resewtroven
bambomatBMV Gadiferemechanpcaperaiesaghndcrothstength
othboa(813999).

Theropertirmsomparabtieosoefstructplgvodtdenclorall
practipatpo8edV Carmeuseihawaysimilptywodarstructural
applicatBavn\s@ ilthe conomiinhad htdricknesempatadv B .

2.2.Bambomamouldedoducts
Considetthdbexibibifyambo@atdueoHerringbweaypattean,
idewasnootedprodumeuldpdodutittséerayshabkreatetc(Fig.
2.2.3itvariofogmskeectangudanasveliindifferesitzefsprocess
wasevelopedudihgnoultdagprodusiecipirodugetheimmfinished
formvhichamesubsequéimtiyhwidtltoatimagterritoenhanthe
appearandeceptabyhtg¢gonsumlehlreloulderddulikeraywsere
foundbenighdyralalretde akkroofhicdabeonveniesefgpvarious
applicatlikhheonelsasexdmetapsastiescl hdechnolbogyhe
manufaotoeen bmatr alyale eimansfetaedi nitenenP unenthe
othenemBangalldPdlIR1983).

2.2.Bambomatorrugatseideets
Thedeafdevelopmfentrugatednagareswlfdevelopmfeamboo
mamoulderddulikerayteenharmstceEhesdsth®8 MBlevelopheadugh
corrugatéechniqFée 2.2.4. Roofimpterimlshsasbestcement
courgeddsheeng(ACE),courgad fiba reifored plascs(CFRs).
Corrugagludninisime etiifC)ASgnctorrugagealdvanizedheeting
(CGIShhiclhaveeeastablisbs@vedaelcadasdeingubjectted
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scientsfiicutiongevecaluntsecludthgimpachworkemsalalimd
environnkeengyequirermoetmtemanufactode stainsbdpdy
rawnmateri®Ilidaterioritspeingiveandightsypto'grednsilding
materbalsedenewakbkourSealimpftheilstcatechnofogts
industeaiddptilbambeesuccesstallyiedtundearprojefatnd dd
Ministo¥E nvirment, Forests and Climate Change, Govt. of India. The
comparative strength properties of BMCS with other existing roofing sheets
are given in Table 2.2.4.1. Bureau of Indian Standards has brought out a
standard on the specification of bamboo mat corrugated sheets for roofing
[IS:15476-2004].

Tabl2.2.4SilengppopertbpdBMCBhcompariwotbtherxistioofistheets

Particular Thick Width M ax Load bearing Weight of sheet
ness (mm load capacity (2.44mM .0@)
(mm (N) (N/mipn (k9

BMCS [4 3.7 400 1907 4.77 9.78

layers]

Gl Sheet 0.6 400 1937 4.84 10.43

Aluminium 0.6 405 669 1.67 3.92

sheet

ACCS 6.0 330 1800 5.45 21.5

Afevdemonstrsttriwat hiaevkee emutipnsevepalbdtheounbry
utilizBbMC 8evelopredroduad B IRI'gilptlarntherocedBMCS
hakeestandaraizthg@lahtiseecommissifocodn mergiaduction
ofBMCSommercawvldylabdatiogmpositianalsbe eavolviea
ensuthedlurabidiByM C S.omike monstratrioat ar@ndebservation
andsreportadithaelemahasucdheeadssteadingreagpimgumably
basedhadvantagedssounterparts.

2.2.Bambaoatidgeap

Recenaltgchnologsye edevelopkRilRlincollaborait@M T Pf© r
theroducoifbambmatidgea(Fi@..2.5. Thmaimawnate rfiath e
producbifsndgeapsmatrohambdd.@rodushoténviron meer -
people-frighelyodusdimensiontdbféerreesistantpermeable,
boiliwmat@roodnti-teranitkee athesistand,ompatwitdamboo
macorrugabhedthexistungpsoduchagbma@dorru g athedetasn
convert aofme dighlitshiydradwlot presth splécidesdgaiesSf size
2.mx0.4hforegul@roductibbrambowatidgeap3echnology
availaflmleommercialization.
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2.2.Bambomabverlaparticheard
Procedsewreedevelopeaverlaywogd/ricaskarti dleardsth
bambaooatéFig2.2.6.Theoverlayisfguntbimpropéysiaald
mechanpcaperbiftbdoardswelastheappearahitdamboat
overlpiartiblearthaypesuitakbhefoisensitructapglicatidres.
resubtistaifeadmambma@aoverlaidopartiblecaidcomparwvsidh
thedatanwoogpartideardsdicatbdwateabsorptaondwelling
properbgsambaonabverlaidogartidleariimproveansiderably
enhandhdgurabidiycphanelsemndadvecdemadcbnditions.

Mechanstcaédngptioperodifavoodartibl®earidcreasendsiderably
due to bamboo mat overlaying, e.g., MOR over 150 per
andcrewldipgweryaroubthecerstuggesttimgilizabiiBMWPB
forenlgeendisapplicatMateabsorptaodwellipgoperoes
BMRHE&EremproweklrOpecernnhdicatinggurabioifsy cjhan eslge n
undadverdemadonditiMes.hanstedngtbperdafRsB PBicreased
considedatebpambmadverlayengM,ORavell pecenM;0OEaver
6pecen$crew|dipgwés PpecerstuggestthmgilizadiBMRHB
foenlgedndsapplications.

2.2.Bambowood

D ev el o p ro&anpropriate technologies for the manufacture of both horizontal and
vertical laminatesusing syntheticresinlike UF, MUF and PF resins have been devel oped
(Fig. 2.2.7.1.). Design and development of machinery for exerting side pressure for
making Bminates fas 4so leen nade. Peliminary ests arried at o hese Bminates
showsthat it issuperior to plantation timbers. End use application such asfurniture,oth e r
household component and flooring havebeen developed and puttouse (IPIRT1,2 00 3) .

2.2.Bambomamouldeskimoard

I P IRIh ad e v e Edaprocessfor themanufacture of Bamboo mat moulded skin board
(BMMSB) (Fig. 2.2.8.1.). Having high strength and stiffness, thereisreductionin timber
consumption like battens, face veneers, etc. The cost of the door is 15 per cent lessthan
that of HDF doorswith additional strength propertieslike highimpact resistanceleading
toimport subgtitution, highdensity, moul ded fibreboard used asdoors(Uday etal., 200 8 ) .

2.2.Bligldensis)hutteriggrrpdB M B
Higdensstlyuttegingbeambomboardsvelopd&®IRIwilbean
alternedeomprm@nufactatereesentthadigiphysicaéchanical
properdmrdabasendherevempriagsedi@.2.9.1.).
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2.2.10Flexi-miytlbambomatscore
IPIRIhadeveloptedhnolfogyexi-wliybhhénnéay®rifveneleeing
repladgydamboa(FiR.2.10 Thiseducdsossibidfbyeakage
whemolleRllywooBmmandighthricknkeasdd éende haby e akhen
rollededuadothenorflexibibtyherodutThdlexi-plgvelopred
combinatviomambmahatlexibi¢imgmitBmmhigkaneTh.élexi-
plpaevelolpagrepbtentoalpplicainnabiobemisphestiapks
andrchanels.

2.211 Applicatodmambomasepgroducishousing

D e v epoent of best construction techniques for house using bamboo and its
composites and plantation wood were carried out in the IPIRTI. Houses built in
the nstitute @mpus wth ndustrial poducts fom kamboo r \arious prposes
are displayed in Fig. 2.2.11.1. It is meant to promote the techniques for the
awareness and the information of regulatory bodies/housing associations
(Jagadeefh 1,998).

g I

. SN

Fig. 2.2.1.1. Bamboo nrygboard2.1. Bamboocmmpositeer

Fig. 2.2.3.1. Bamboo matucoslded pr







































