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Shelter is man'z hasic need, :
the cold nirhts and the scorchins hgﬂt af riddue Iin trondenl mnd suhtrovies)
reglens kYnow that shelter is =s lwmortant theire iparctic ard terjerats
¢limetes, £ man's lLome ig still the rontrs of farily sctivitics: prowidin:
Tacilities for, cooling, sleeving =nd rersonal koroedene. and rrotection froew
-animals and the elements, ‘

Ramboos and reads are the oldest and chief tuildin motarizls in rurel
areas and villares throushout the world's itrovical ard subironical resions
"It is a sirnle fact that more deonle live In Tapkoo and reed Milidines !
. houses of anm other materisl. Pomhoo and reed Bonstruction is rowvular for
rood reasons:  the meterial is plentifvl ond chean, tle wills
oun liouse with simple tonls, and thers 12 a livine fratifion o;faki
mothods required for construction, This trasitiarr bas -
receht years Yy experimonts carried ont nrincitell in Indisa . Tndonesic, the

a

T ooro

Ve At

Pﬁilipminus and (olombia.. The bamboo and rood heusineg is waszily built | easily
renuire well -ventilated, sturdy ond earthousnhe-resistant, .
- : Deterior@Lion by imscets, rot funsri apd Tire ig the chier drawhﬁek'pf

bamboo and reeds as buildine material. Many buildings- of untreated ramboo

rust be replaced-every two oy three years. Most bembon and reed houses have no
interior toilets, irdoor waber suprly, or interior cocking faciltities. It is
easy to speculate aboui tle relation Letween the absence of these fTacilities
"and the rarid detericration.

Improving the material nromerties of and censtruction technigues for

bamboo and reed buildings would be a giant ster tovards improvine the ouality
“of life for millions of rursl dqellers in the world's deweloning countries.

_ This study has two purnoses. The first is to acouairt nationszl
Covernments , ministries of housing, rerional houcinr-euthorities, village ond
community develonrent folcers, rural aid socisiies, buildine co-omeratives,
tuilding contractors apd the villarers fhemselveq with new or not ell ~-Frnown
technioues of bamboo and reed tuilding construction, The technioues may Ie
:diréctly transferable or mgyv.be only an indication of nossibilities,

N . 4
The se*ond nurpose is to stimulate additional reseerch on improvine the
properties of bamboo and reed as a buildine waterial and on 1nnrov1n0 “the -

technluues of huilding construction with bamboo and reeds..

The study reflects the concern expressed at varicus sessicns of the %
‘Cexmittee for Housing, Puilding and FPlanning; the Commissicn for Social.
Cevelorment and the Feonomic and Sotial €ouncil. The General Assembly, in itz
reseluticn 2036 (XX}, requested the Secretary-Genmeral to undertake the
rreparation of periodical reports, intér alia, on the "measures to deve}op a.

building matefl&l industry utlllzlng 1ocal raw materials to the maximum'.
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This study was prenared for the United Nations fecretariat by two snecial
consultants, D. Narayanamurty, Director, Indian Plywood Industries Research
Association, and Dinesh HoHan, Di{ector, Central Buildings Research Instituto,
Roorkee, Utta Pradesh, India, and edited by Professor Adam ‘ilener, Nassau
Community College, iew York. It forms part of a continuing projeet under tue _
direction of the Centre for Housing, Bulldlng and Planning of the United Yations
Secretariat on the important subject of Improvement ang development of ‘building
technglogies based onn locally available materlals

published by the United States Denartment of Agriculture. The Secrétariat of the
United Nations wishes to express its appreciation to the author and the separtment
for permizsion to use the material quoted herein.
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I _ The authors have drawn on Bamboo g8y a Building Material Qy“ffAb_MpClure,
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"is possibly the most widely ecult

1, PAMBOO APT RUPRE AS TETINING MATTTIALS

“eosranhical dists

L)

F.A. McClure reports that

Bamloos occur as more or i

rerelaticn of many part: of the
regions of the vorld, from sea 1
wherever a suitable combination.
natural distrihution iz verwv une
kinds in a given aresa, Through

species of bamhoo has heen rreat
foins on Por a long time, and th
However, scome of the most “valuat
important extent and much remai
Iknown and available.

38 rrorinent elemepts Jn o the patural
ropical . suttronical a7 rild foomerate
vel to altitudes of more than 173,000 Fast
T, 2cclorienl Tectors mrewpile, T eiw

en, both ag to s2hundance pid varisty of

he aseney of man, the iciritutior of =anv
v widened. This process crobanly hne heen
actual extent of it has rot beoan curvewed, .
le snecies have not Teen distrimaled to ﬁnv
£ to Te done to make there more cenerallv

“The gréatesf concentration of bamboos anl thr "hirtest dove lomment of
their use are to be found on thg southeastern borders of fsin apd on
adjacent islands. This area expends from India to Ckipa on the mainl-cd
ond fron Japan to KInuone51aX almons the islands. Sore 20.odd specieq of
bamboo have beew reported from the 1little--known flo#a of AMrica., and —naner
of these are used... for houke Jeconstruction. The Tﬁland of T'ndazasnor.

. vhnse flora is more fullv knovy, has heen found to hive more native sgecies

- of bamboo than are krown to ocqur in the whole of Africa. ‘uztfalia hms
perhans q_half—dozéu_nainE spgcies - Furome none. - In th= Western
Hemisphere. the natural distripution of barboos extands from soitiers
United States to Argentina and] Chile. Some 200 spemiez are uative to this
srea, but they are verv unevenly distribute?. ‘fany oF the recorded species
are very irverfectly knoun, and some pinds have been recorded unfer more
than one name. but the krown Pamhog flora of the world orobahlv totals mors
then TO0 species, classifisd {n about S0 diztinct senera. l; .

¥

£l

and provagates through natural rereneration.

bamboo plantetions are nov common i meny

hoo Lap resulted in the introduction of rew

e spectes do not moet locsl needs. fOne species
is now successfully cultivated in the southern

o Rico. Anot:er.snecjes, Bamtuss vulgaris

ated soecies in the Americas. 1In Suatemala

arrelv renlaced ths native ﬁgggggvapecips.

Host bamboo grows in forests
Owing to rising commercial demand
couritries. The cultivation of ba
species. into countries where nati
native to China, Bambusa textilis
United States of America and Puer

and Ticaragua. this shecies has

tiore research is required t¢ test and select outstandine varisties of Hamhboo
L] - - - - - - - + - u
in order to determine their notehtial as tuildins materisl. One candlgate far

.such research, the Guadua ancusyfifolin species of Peru. Colombia and “cuador. is

repeorted. - to have outstanding resistance to attaclh: br insects and rof.

e —— — 4

1/ F.A. MeClure . Tamboo g5 a Bulldlng_,atarlal Tinited Shatas anartment
of Agriculture {Washlnﬂton, D. F L 1053} " m. 12, )
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Lo Asinl
maior producine
Pakistar . Janan 1i . migas, LAmo0 cross b every
ountry excenh : : T dg -~ ﬂl]" irmortont in Teliopkic Teundor,
Venezualaand the Crontral ﬂrir:can ﬂnuntri~s. Tn Mricg, thour! lecs [Amortant
economically, pamboo 1 fould in the tro- 240 Telt fron "tidieoois to Toane and
in the “alarasy “erublic. | The distritution of the (wooroant stecies is Tisted
in annex 1. Tipures T, IT amd! TTL oo throe pypas of barlaon,

in virtuall: every country . ipcl
IR vl vt k) Indores -

1
L:a

TF]h,

. - ra L3
Hhiitat
»

Panbous form e - aen, rrortart oo Tensat of $1C foretts i Tanv varts of
tie world. o treaical arcas, thee fore $9e understors of tihr ever-reen. ‘
decidueys Tarests. Ir o cost ecaw=z £ 1 understery comsigte f o sinsle harhoo
anecies, hut severai toscics are fonnd fo~athar - o T THE SR T
and attai. thelir maxirum Lvelareert fn monoocn Toreste L trhev rreiadle into
shrubs in Lemperate vegions | and ot hisd albatuden ae veny o ool alrosh like
grasses. arboos are, rool enloniters .. i Purta | Tast To'icLan Al oLior savts
of Asia, oure vamboo Eurf toooke Pyt oon o373 alapes wieoeo N s culhival {on
s ey rnetigsod. Tamdbieos. ocours & variet ool oo phst s gt b e

' Tt yrators o Vodrained nites  avoidiy - woarieatorlosead neeas

M . - to the ineroeesd derand ) larsae scales bagboe oD actabion: have hwen .
eeratlic @ ir India. Tapas nod etber countrics. e Dlentalisn use nursery-
Tl etiiea, Th Lives sre tlanted onoa arid baox be to oo Ol
ol sooncingr fheilitate citbine, Tun<lic- and rowsal of the barboop.
Ocr;ssonwlij, 11l +1"'LctorP are uee? and generallv plantations hold ﬂrnaqer
aromise for mechssizs e erowing and guf*lu" bantoo.
futting :

Mew barioo aubms or trunke are wrodoeed anmually, seroving in eluros out of
the undercround rhis-or. s OF roots. The culms raturs in Be-1o 51X vears : :
aithow: fries pav G innfFer.  futtine is vorked on a cyele .

varyinr fron five wvears. culmg =re cut 2% or 57 centirchres above
ground.  The cutk r froe oeach clumn galective.,  The oaturse and dead culms

Are removed it a fer ave left shandineg to «ive the woapes oulens wroner suonort. )
The cuttins is pencrally doas Toe bannd with axes, machetes or snws., Thalv sawvs
are accasionally used on Lamboo nLantaL*‘ns et the coct of leiout ~ent raller
malkes them uneconomical. The same ecuircent iz used to ramove branches and
cul. the culug into siandard lonsths.  “ost basroo barveociine iges tids
iwlective cut.:n“ vietod .

fnotiher ,ft‘nd agiouall - used {7 alss N g retol overy
culr, voun~ or oid. iﬁ cut, voe  of Hhis 1*’*tnod ““rmif mor gyxbensive ase

: the culms nave been cut the fores’ is left clear
exceft for =i as. Thr ghiel dizadve tage of the methad iz Lbat it permits
cuttine onlv oace evearv 10 to 12 years, Perhaps with an assured market for all
the culms cut, voun, olfd apd Adrad | this rotied could he mnde ceoonorieal,

-
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Figure T. Zendrocalarug miganteus. A lar-e-diameter basboo
e © (Forest Reséﬁrcﬁ_}}_ms;itute_,_v Denra Dun, Indi=)
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Figure IT. Dendrocalemus brandisii. A large bamboo
(Forest Research Institute, Dehra Dun, India)




Figwrao

III.

hambpsa nolymorpha, ﬂuch favoured 1ﬂ-House
(Plaatatﬂon at the Forest Researc* Institute,

nstruction

Dehra Sun .

Indin}




Tha annis néine o1 e sracles

- annuel vislds van~s

1\3:.5 then one b aoven o b
- -« roecies “ie rPDOTth to F;@ld a5 ~unt oag 20oghg 3T f
reliable ‘statistics sre avails™le alour Ve coivarar 2y

ant, bamtoo

of plantatiorn hambtoo a-?! ol

winiml ced by oeuttins woe thP stare” contert

o~

“iig ugalle accurs durins tho carls oartd of toe eald )
tort cuttine weried is fro~ Tetoles ta Feheyare Tn °

neriod is reported to te Notolrr to nve hew

“iqnscentlbllltv to rot funsi also .bears sore relatiomshiz +to the euttin- - riqd
. - . . v . -
. but for most . species this hasg not Lesn sufficienily irvesntiratol,
N Turing e . - '
i T——— - N .

- ) ;ﬁg}ﬂple rechod of ‘mcreasine the r=gi~tance of f{reshl eltt culn:- to ~.
beatles is clurp ocurins,  Tluavp curing consists of res!’ne pewlw ous oulrs :
weriThi against livine culms for four To 23" & dava witioak rerovins leaven,

! The ohisttive is te maks the eulms as drv ar A3 ihhe aa’ leces e >
content that insects'fugd on. The Freshly cut lover sad of L3 25 R

. by patting with a dustin bar filled with a & ner e-b wio e
The culm ir raised off rhe sround on 2 stene or Prict. A oo -jnt%l
tii» lever end of the culm to preveat funcus attacl .  The drs revov A
trimmed and transrorted to cfovare. i
Trancrortation ’ a - ) ' - N
’ After cutting the .avtdos and reeds are el ho hie pieeares
o rouch math wesving throush the forest. Here the culr: are hound i-*c o
. with bamboo, rope or wire. ‘The bambod bundies are leoade: on bulloo- carts, -
: donkey carts or trucks for the trin to t'e storage -arn {sea fivure TVY, Oiten
the bamboo is taken to the railhead or river dock for frapsvort tn o ror:-
- + . T N -
dictant market (firure V). o . ; . -
~ Storage, : '
At the storape vard, the bamboo is usually dried hv air acasoripe uvier cover
.for a peried of szix to 12 weeks to increase its stronrthesnd aveil” croclinrm. ¥iln
seasonins can do the same fob in two to three weehn, thrurh ot tre risv or-
- the ouosr pevhrane of several stecier 17 Lre seasorin- iz too ramid.
‘Iffective protection ecrainst decav in storage ie oTmined b ~usriine bamhoo
and reeds against wetting by rain or M contact =itn zoil. “eod - tilation and
- Treavent inspection are also Important. -
The storage of bamhoo requires snecial care, Nefors Toel v a7 the storges
sround ft should be thoroushly insneeted and cleaned and A1l refuese and usaless
. timber and. bamboo should Le rermoved., Ti tha area i - nP=rt$a ek termites the
‘ gfound should be sordved with a ¥ ‘ver ~enf erulsitn o DDT or 0,2 per cent

~emulsion of BHC or other suitable insecticide. Territe colonies in mounds sheuld
be destroyed by breakin- crenm the nounds and rourineg in insectici’cs, The rreund

should have gocd drainage faciliyiﬂs.f T~ _ '
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Figure V. =R

aft of ba

mboo; Lerala, India




Yarboo ahould T stacka? oo B or raissd platf: > B
30 centiretres aBova th: sround, f ST AL RN EEN
urdisr cover will raduce Taarnility T
instected at resular intorval:  Haltoc eroced im ooy oy e
gides of the stored hamhoo may be oo { MRS L e
barboo” should Le re.oved or treat i, ,
Taex; ) -
. i . . . H
Reede srov almost in a1l L) eoaphrie:n of i oot
reed thickets are found in the Tropics. -Ths " in
the USSR constitutes sbout 5 millicn hgetarse,  The
with reeas in the MNEET are fausdd D £ Sout™ - Puss Py
Kazaxn SSR, in Uzbzekh SFPL More than 75 per cont of A7o tat 0wl bhoaa s
in the 887 are located o trass thyce repnbldios ey | K
usea ip the industry should e clean ond o3 v e
the wield shoul. not be lsue than .7 tons nov hoetare :
“The actual ~ractice in # =~ cultiviatinp of aones .
shovm the hi~h effestivenssz of oreatins artificinl ¢
controlling the water level 1n the vosd thistets af o
to the water .concdl tlzns are yvroverle selectod ~un
increases by a Tew tires snd reaches 4% tons mer heot: p
investioent on the earth worke and thé installatisn of
e recovered it I .6 years. ' _

In the USSR fre nrenaration of roed for industrisl survanc. o oors
ir December and January vhen the Teeds are rine. : =
“In trose places where wechanization of lahour i% noh noesitle dus to
“natural conditions, the reeds are cut rmanuallv by =mans of a short scvthe
with a wooden handle. he cut reed sters are 1wwpdlatelv hound into sheals.
"The reeds for industrial nurcoses are cut hﬂt?ﬁgﬁECfﬁl tractor- drawn
or’ tractor-maunted harvesters. Horse-drawn mcwers are also uged. The
mowers with speciel binder heads are the moct preductive rnachinTg. . Sn these
mowers, the cut reed stems are autoraticallv made into sheafs | hound with
binder twine and are either thrown on the field or delivered to transport
vehicle by special conveyor devices. Horse. drawn certr and sledwses,
tractor -sledzes ond trucks with trailer ars used to tran-nori the reads
to its storage siteg. FSimilariy. tha reeds are also dra~e? divectly over
mround or on special metnl pallets. The actual practice shovs Hhe? trachor.
dravn sledges are the most economical means to transrort reeds cver a.
distance of 10-15 Lilometres orn hard surface. Dragrins meilog
Justifies itself over short distances wn to 1.5 - 2 kilometres. In N
this method, un to 5 tons of reeds are hound toccther wit . raneg nd

dragged over cround hw a tractor. Nf course. there is sorw ogs dus to
dragging, yet the ecopnorr in randling cormmensstes-for kv se Insger,

Transvort cosis reach-un to Eﬁ'ner cent of total expendibiare on nrenaration
.and " thfrefore most effective transport met“ods have to he uszed in each
‘particular case. . ' :
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. grading. The range of heiphts and diameters of tlo rrineival species uzed inm_n*v

n.!!I

‘¢ "Lonr experience in reed prenaration with the help of traetors has
revealed that the specific nressyre of vheels or caterpillar on the '
graound should not exceed 80 z/em” in wet and soft soily” At hirher tressurss
the root buds are damaged, thus the development of offf--shoots is hampered,
The vield at those places, where root buds dere ﬁamapen durine the harvest,
drops down by a few times. Therefore the mechanisms uged ir reed movines
must have wider rubber caterpillars. The specific mrefSsurs asainst soil

gcan be considerably reduced by reovlacing steel caterpillars b rubher ones.

"The reed sheafs are piled at drv places into conical or evlindrical
stacks with conical roolfs or into rectangular stacks. The nermal volume
of a stack is about H00-500 cubic metres.” 2/ .

I

Fhygical characteristics
Timensions

Bamboo and reed culms vary in height and diameter. Some bamhoos ard reeds
grov to a height of 36 metres, and others are no more than shrubs. The dismeter
varies from-1 fo 30 ceqijmetres. The varizbility between snecies is far argater’, -
than the variability within species. The variability makes difficult the ” 2
mechanization of processing and fahrication. “When the supplv of culms is wverwy' Rl A
large, this variability mav he partially overcome hy careful aelection and o

construction are listed in annex 7. ) %&?ﬁ . L
Vhere nodes or rings are very prominent, they will interfere with close

fitting construction. The orominent node can be dressed to size but wore commonl:’
the use dictates the selection, and these culms are not used for close- fitting

construction. _ L L=

Splitting
Bemboos and reeds have a tendency to split easily. This tendency is

particularly pronouncéd in the internodes, which have a lover coefficient of

shear than the nodes., Wherever pos%ible, cuts in the culm should be made just

beyond the node to mininize splittines., The splitting tendency nrecludes the use

of nails, screws or pegs unless pilot holes are drilled beforchernd., 0Often, ) .

gpllttlng is preceded bv cracklnp Cracking is usually controlled by air or :

kllﬂ drvlng._’_ﬂ____ e e oo ‘ )

Durabiligy

Bémboos are highly susceptible to destructlon by wood-eating insects, fungi
and fire. Within the culm, the middle and tip pertions are less resistant than
the bottom portion. There is also a considerable variation in Aura»®ility from

species to species. MeClure reports that the Guadua bamboo of ncuador Peru and
Colombla (Guadua angustifolia)l ’

,

v

da T K

Pf V.G. Zezin, "Productlon and appllc&tlon of buf@dlup materials and
eléments mede of reeds” , & paper presented to the United Nations Seminar on
Organ%zaFlonal and Technical Measures directed towards Inereasing the Production
of Building Materials, held at “oscow, September-October 1968, pn, 2.k, -

“131-




ez u relatively hick resistance T hoth rot funri and wodd-eatin:-
irgents. It has been abserved reneatedly tha* ordinar- hardwoods used in
conjunction with thiz harhoo have had to be replaczd heczuse of irszct
damgge while the bamboo still rerains serviceabtle., Tho orizinal unireated
siding, consistin~ of boards of fhic hambco, in a bo-vear.old ~lantation
house at Fichilinrue in the Depariment of Tos Rios, ifcusder oo gfill in
"1 gerviceable condition in 1045, lon~ after the [ -~rduood floorz kad Yol to
te replaced becauss of insect dama~e. 3/

The durability of untreated bhamboo is hotever . in ceneral. short. Damboo
nosts embedded In the ground ar: destroved in si. menths o tro wesrs.  Pamboco
stored above the ground rave, in tasts. a usaful 139 of 22 to hl rmomsiae.
Barboo under cover and not in contact with the srows? mac Tent froe o Lo even
VeArs.

pisture content

Owing to anatomicel changes ceused by drving, the moi: ture content of hamhoo

has a Freat influence on 1ns treatabiliter with rreservatlves. “resitly cut bamboo .
With high moisture content iz far easler to treat w1t7 the Poucherle 1rocps° than
dry bamboo. ) ’ . e

Yoisture content in bamico deercases with the heirkt oF the culm from the
sround. It also varies with the are of the culm and th= seazon. For one anecies >
the hirhest value in Aurust (rainy season) was nearly three times the ln'ﬁ*t value
in June (hot dry season). . The moisture content at the base of the culw war
abhout twice thot at the top in June and 1.3 times in Aupust. Alons thoe lensth
of the culm the moisture content undulates, the. internndes showine 2 to
T ler cent more moisture than the nodes.

Older culms {6 %o 9 years) contain less mojsture than vounmer {3 to b vears)
oncs. Thelyoungest culms (f months to 1 vear} show the hizhest moisture content .
The differences due to age, however. are not as rreat as the difTerences due to
sthe seasons. '

0ld culms undergo considerable seasoning while still standing in the glurmn.
Unlike wood, bamboo starts shrinkine from the wvery herinninr of drwvins. This
shrinkage is, hovever, not contlngous. Betweéen a moisture content of TN ner cent
and the saturation po¥nt; dimengioms do. not change more thapn arout 20 per cent:
the magnitude of shrlnkage depends on the original moisture content. In dryine
Jfrom green condition to about 20 per cent moisture content . the shrinkage in
mature.culms of different cvecies of bamboos lies hétween 4 and 17 per cent in -
wall thickness and between 3 and 12 per eent in diameter. Shrinkapre alone the
culm is negligible, being about 0.1 per cent. For the same snecies shrinkage”
of mature culms is less. than that of 1mmature culms The latter often develon
cracks and collapse during the drylnﬁ Process.

Welght

B boo and reed, are 11ght in WElPht compared 1o C(nst*uctlon tirber. The sne01flc

+

3/ F.A. lcClure, on. cit., ». 37.
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Owinz to its greater wall thicimess, the basal "portion of the culm is
significantly stronger in the modulus of rupture and allo¥s a fFrester-fibre
stress at the elastic limit. ir-both the green and the dry conditions. There
is bardly any difference in the compressive strength between the basal portion,

- the middle and the top. - The modulus of elasticity is generailv lower for the
bottom portion. ;1n splints of bamboo, the compressive strengih of the outer

. layers from thé culm is hirher than for the inner layers, followins the '

. dlfﬂgrence in speC1f1c grav;tv. Bamboo Spllnts with and without nodes, “when

" tested in’'static bendlnp gave himher values “vhen 'the face nearest the “erlphery

was in cdmpre551on _
1

i . FPhysical structure - ;gj***_ﬁm_ o - -

Botany

Bamboos' are perennial, grasslike, woody plants. . In botanv, they arefan
ordgr SF the Graminese class. DBamboo is subdivided into four fanllles, an

_éstimated 50 genera, and over TOO species, Each of the speciés has widelv.

. differinr characteristics affecting its usefulness as a buildine material.

‘The species of bamboo and reeds most commonly used in building construction

' are,listed in annex I.

-

The rhizome . -
: v &

-

- A characteristic feature of bharhoo is its greparious habit. The woody
p01ntea stems - of bamboo, commonly called culms, arow ¢losely torether in clupps.
A new bamboo culm grows from a bud at the base of an old culm. This bud develops
and grovs slowly at first until, under the stimulus of rainy weather, the prowth P
accelerates till the culm is about half: of its full heightt - Subseauentlv, it 7
-slackens gradually. The growth of bamboo is rapid, about ? centimgtres per
day, and can be as much as 35 to 4o centimetres a day Growth_a: this rate is
contlnuous faor, about a morith . o

_ The basal nodes of the new culm remain close together at.ar below the surface '
of the ground. "Thig, part of the eculm grows a 11tt1e horlzontallv 50 that the new
“culm is able to grow up clear of the previpus ones. The horizontal part of the
ney growth bears rcots.end is called a rhizome. The collection of culms resultlng
from the rhizome is called a clump., In some spec;es. the rhizome gives rise to
' closely packeds, dlstlnct clumps. In .other SPECIES‘ the rhizeme cortinues to grow

orizontally- for én indefinite length and the new upright culms are foried by
well~-separatéd 1a%eral buds ‘upon it. If individual culps mature and die, the
rhlzcne maintains its grawth, regenerating itself and putting forth new culma.

T 'The cu&m ' " ot

S The individual panboo shoots ccriplete their rrowth within a period-of four
I ‘to six nonmths in-the very first growing season. ' Cnce the maximum height is :
e attained, ligpification of the culm tskes place durinn the subsequent two to three
) . Years, The éulm reaches maturity after the fifth or sixth year or even later ;
depending on the sPec1es. o

-

The young culm grows to its full height before branchlng. Usua%}y one or
more gecondary branches rrow frem the lower nodes of each of the main-lateral
branches (see figure VII) The prqcess may be repeated on these secondary
branches, so that frcm each node will appeqr to' ccme a tuft of small branches.

| S; . - . /. . _1]4_




Figure VII. Gross features of a bamboo culm
{2) The ‘culm .

(v) Vertical section of the culm
(¢) Brancheg of a node

. {a}) Cross séntion of the culm




¢ Phe maximum diameter of culms, the tiickness of the walls (in the middle of
an internpde), the length of the longest internodes. the vroyinepce or othervise
of nodes are alsc important characteristics. These can be aoted from old culms.

Young plants or plants prowinr under poor copditions have smaller culrms than have
mature, well-grown plants of the same kind. . It is also sometimes not easv to
judge whether one 1s dealing with a voung or impoverished plant or with a
distinct species whicl never attains a lareer size. “

Bamboo culms are generally cylindrical and srooth. mhfv are usually hollow

-and have transverse dividing walls at the nodes. “ulms may be almost, if not
entirely, sclid when grown in dry localities. Solid bamboos are sometimes called
male bhamboos. The culms have prominent rines at intervals brarine sheaths, often
characteristic of each species.

Ordinarily, culms do not bear any branchss for a conciderable heicht above
the base. Some culms have very larme and nrominent hrancbes, Others have
branchlets, but.these are arranged alternately in dense clusters. The.lateral
branches and the cirele of false roctlets at the lower nodes of a few species
harden into spines and give a natural armour to clumps..

ar

Flowering and oroparntion . i

. Interestinz Sacts have been recorded about the flowering habits of bamboos.
Many bamboos, especially those whivh flover at long intervals, die soon after-
flowerlnq and fruiting. - Subseaquent reﬁeneratlon apnears in the ensuint rainy
season but this takes some years to mature into fulllsize culms. Hany -
variations from this normal practlce have also been observed 471 India and other
countries. At times only some of the culms of a clump flower and die while the
_ remaining culms dg not. Some species flower annually without dying. Cases have
been recorded of thmboos of different species recovering after flowering.
Generally,- the absence of new.culms is held o be a reliable sign of prospective
flowering in the follow1np vear but this has not been Tound to be unlverSHIIy
true. v

<
There are two types of flowering in bamboos- swvoradic and pregarious. In
sporadic, a stray clump flowers ard seeds here and there in the bamboo forest.
‘In gregarious flowvering, all the bamboo clumns growing in the forest flower and
seed. UGrepgarious flovering occurs at periodical intervals of seVeral years and
varies with the species of hamboos.

Abundant natur 1 regeneratian follows a gregarious Flowering and the soil
is covered with-+a thicl carpet of seedlincs. The seedlings develep in due
course and clump formetion iz complete dquring a meriod of six to 12 years.
denendlng on the spec1es Artificial regeneration on & larqe scale vas nok
) resorted to in the past owing to abundance of naturrl regeneration in the fotest
followlng gregarious flowerine. 1In regent years, larre-scale plantations p?
bamboos have been undertaken. Peﬂeneratlon by sowing is impractical in the case
of species ‘that do not often flower or -when Tlowerine does not Droduce seed.,
Bamboos may be pronagatea artificially hy seed or by planting ocut VE"@t&the
offsets. Direct sowings are not generally resorted to. The most comman method is
the planting of nurseryuralsed seedlings. The nlanting of vegetative offsets is
‘generally adopted where bamboo plantatioq? have to be rai=ed on a small scale.




Culm anatomv

The culm 1s cvllndrlcal and is d1v1ded at intervals bv ralseﬁ nodes from
which the branches arise. At =ach node is a transversze wall vhieh completely
separates the cavity of one internode from the nmext. The ecavitv of each
internode is very variable in diamete¥. In sore species, this cavityr may te
vestigizl and the culm practically solid. '

The tissue of the lLamboo culm is built un bv parepnchyma cells and vascular
bundles consisting of vessels, thick-walled Tibres and sieve tubes (see
figure VITT). The movement of water in the culm takes nlace throusr: the vesselr.
The fibres are responsible for the strength of the bamboo. Putrients such as
" starch granules are stored in the parenclhvma cells which f111 un to atout .
70 per cent of the tissue. The wvascular bundles become mrogressivelv smaller in
sizé and depser towards the periphery. The orientation of all the cells is in
the vertical direction. The culm is covered outside and inside by .hard w=any
cuticles which offer considerable resistance to the absorption of water,
- perticularly when dry. This characteristic ‘is of importance when irpraenation
. by chemlcals 15 requlred.

’ Fibres constitute 60 to TO per cent by weipht of the wood of the bamhoo.

The fibre content is sreater in the peripherv than inside where parenchyma -

nredomlnates- TPibre distribution is highest in the internodes situated at

one quarter to one half the height of the culm. This region also contains

the longest and most mature fibres of maximum wall thickness. Towards the top

the fibres show gradual decrease _in length, dﬁgree of maturtitv and -cell wall

thickness. .Bamboc fibres show considerable. var1at10n in shane, size apd wall -

thickness. They are usually long and straight with uaper1n~ ends. The average ™

_length of bamboo Tihre is about 100 times its diameter. e )

Parenchyma p/ﬁgue percentage is hiphest in the bottom internodes and
.. gradually decreases towards the top. SBimilarly, the percentage is reduced
towards the perlphury and shows marked inerease towards the ihaide, ’

The vessels occupy only about 15 per cent of the culm. In the 1nternodes
all vessels are S¥iemted-parallel to the stem axig without any branchine or R
~contact. Inside the nodes, however, an intensive branchings takes place malking
the horizontal transportation of liaouids possible. In the nodes the vessels
are connected with each other by pits.  As the vessels also go through the
dlaphragms 1nslde the nodes they connect the sides of the culm., From the nodes
some vessels go into the branches. The distribution of vessels affects
preservative treatment which cen take place not only through the upmer and
lover emrds but also through the cut branches at the nodes. Trom the nodes, .
R the prese;vatives can penetrate the culm in both directions towards the top A
- . and bottom. The number of vessels available for treatment menerally becomes :
’ -less from bottom to ton.
- When the bamboo is dIlEd,_thE»sap Dresent in the vessels dries up and the
vessels Till with air.” Durins the drvins proecgss, the pits inside the nodes
close and the pit OpenlnFS of the parenchyma cells are closed by their own
_dry. cell sap. These factors, have & very important bearing on the preservative
" {restment of dry barboo. If a preservative is to penetrate into the vessels
.- ' it has to overcome surface tension and friction forces in the vesséls, and in
s , . order to enter parenchyma cells it has to dissclve out the dried sap closing
-7 their plt pores or diffuse through the- cell walls. . ' .
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PERIPHERY

MIDDLE

Figure VIII. Diagramatic trapsverse section of part of an
" internode of Dendrocalamus strictis from periphery
to the inner%wall showing preater concentration of

) fibre in the peripheral-region
: : _ (Ghosh and Negi. Forest Research Institute, Dehra Dun,
' India) v -
.. N . L ‘:.. . o o
N 4 £,
. -18- . .
‘ ¥ 2 t"\’ .




Reeds

P Reeds, lmﬁe bamb005 belong to the class Gramineas and for the nurtaae of
thls study may be defined as giant rrasses (see Fimure IY).. They are. Eter—
lovlng species. Like bamboos, thev also have vertlcal illndrical holliov stamz
strengthened at intervals by transverse sépta Yaom as nodes. The sterm, also

- kacwm _as the gulm, is thus pade wn of a series of nodes geparatel by internodes.
The lea.i‘ blades are Thorne on sheaths which encirele anel strencthen the stem.

Most of the internodes of reed culms are hollow, but thetre are excentions.
Younr culms of some species of reeds are filled with a snow-white nith uwhich is
gracdually reabsorbed. The .interncdes mav be filled witk nitk vhieh shrivels
_and shrinks on drying. - : Y -

Some reeds cﬁntain.deposits of silica in tho tissue and becowé hars, ~1l
stems contain chlorophvll in the outer cells when vounr, but as they watule
they lose their chlorophvll to a larre extent., if not entirelw,

Reeds may be annual or nerennial. Most floverine grass-culms. wrether the
species be annval or perennial, die dovm to the hase after the lapse of a vear,
but sone reeds’ per51st for several vears 1f they =scape grasi flrmq

Preservative treaﬁggﬂt againsﬁ_ingepﬁ;inxgg_ﬂgg fire
Need : S T
. Deterioration by insects, rot fungi and fire is the most serious drawback
to bamboo as a building material. Often this deterioration reauires that .
bamboo structures be rebuilt everv two or three years, With proper preservative
tyeatment, the life of bamboo housing can be extended to 15 vears or longmer. If
the 1ifé of bamboo .housing is ‘lengthened. a number of consequences follow. The
initial investment can be increased fivefold. This permits.a larger, better
built and better equipped house. Before "building such = house, the villarer
night investigate various.a;chitecturgl dayouts and facadés. We might want to
‘use commercially available fastenens, 4. roofing and' concrete hlock fotndation posts.
With-a- permanent: structure, there Itht he Food-reason to build an ‘extension for
- an indoor toilet, to build an indoor vater supply, and with adequate firenroofing .
to consider en indoor cookinz faeility. These consequences would ﬁrpatlv improve
“the. qualltv of life of the average’ v1llaver.

Protective tréatments suited to the Viliage level of skill znd technical
knowledge are ds important as commercial impregnation treatments .similar to- those
Jused sueccessfully with timber. Protection techniques. suited to various levels of
skill end situations are available. Traditional methods which are widelv used. ™
to increase the durability of bamboo cost very little and can be carried out
- without any special equipment or_pechnical-knowledge. These ipclude leaching in
water and whitewashing. Each of thesé méthods incresses the durability of
'fbamboo, particularly against Bostrichidae and Lyctidae beetles. It is also ofter
necessary £ ‘provide further protection to bemboo with chemlral preservation,

" Techliniques for its appiication -include brushing, svraying, swabbire, dipping., hot
-and cold bath treatnent Boucherie method and presgure treatrent. )




PO

Figure IX. Arundo dohakf_,_...g_ian:t reed, variegated va:r"iety,
Roorkee, India : -
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l { The most common treatment for uroteotlne bamdoo from Bootr1011dae arrt
Lyctidae ﬁeetle attack (see firure X) i% to leach out the starch, s»~ars and

/fother water-soluble materlala from the freshly cut stemrs by suhmerg* i then

[uln,water.‘ Removal of starch and sygars renders tie hamboo unattractive to the

' .beetles. Succeeﬁful'annlication _of this techniqud has been renorted Trom India,

R <Y P Tarims T e it aed o e o+ completeln
Bi rma, JJ.JJ., JANA1ICH | and other dountries. JJIJC DEFEO00- MUST e comnletaly

- immersed in water, welghted dowm, if necessarv for neriods rancins Trom threp
days to three months for freshly cut bamboo and two weeks lonwer for vartl-r
‘dry bhamboo. Running water gives better results. .|Starnant water sometires leads .
to staining of the bamboo.  Immersion in sea weter anpears*io Te satisfactory

-if marine borers are absent. o | -
: [ . *

|

|-
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77 A variety of coatings, suth as tar limewash. tar and limevash and tar
..sprlnkled with sand, are used by housebuilders 1n Indoneéla, tut these can_he
-effectlve oniv to the ex;ent that they give a cowtinuous coatint Et cut curfaces.

exposed inte nodes, abrasions and slits. Inner whil of 1nternodeq made a ’ -
‘asccessible by shlits in the bamhoo cannot be ef feptlv?Iy protected.

r N . ! - ||
Brushinz. swabbing, sprayving and dipping
.. S e ) . l ‘ : .
These surface treatments are adopted for bamboo in storare or before it is
rriven 1moregnat;on treatments. It can also be ufed 1n]locatnons whera the danger

of biclogical deterloratlon is not serious. | .
o | " : . .

Various chemcals are recommended for the 4empoTrary orotectlon of, barhoo.
Dieldrin 0.05 per cent, or Aldrin 0.1% per cent. in adueous emulgzon rave almost
conplete proteetlon against Dinoderus beetles, for' over a vear, 'DDT, T to

~ 10 yer tent, kerosene -0il and BHC,”0.2U per cemt, were eveo more ‘effective.
¥ Spray appllcatlon is recommended for stacks of hamboo. E e
i; ) Dlpplng green and partly dry bamboo for 10 minutes in a 5 oer -cent solutlon_ ' N

~ of DDT in fuel o1l produced a hlgﬁly significant. degree of.control of D:ﬂoderus
" _Wbeetle Tor about 12 months in Puertq Pice. Soaking in the same solution for a
-longer period resultd _1n:protectlon for 24 to 30 months, BUC and DPT emulsicH¥™
have 1159 been-reported to have uerformed satisfactorily in Taiwan. For e"poaed
_ bamboo' where rdinfall ys likely, dil-borne insecticides should be preferred. . o

L ] . T .
large stocks, no Expepsive sprayirr equipment should re -9
treatment of bamboo. Hand-operated spravers should

I+ B .
~y ¥ required for prophylacti
© normally be suitable..” The most effective pozzle is one which mreduces & dense oo
#*

. . .fog of the ejectéd-solutidn/emulsion. This ensyres uniformity of spread as well ; L
g as economy in the quantity of 1nseat1c1de. : . :

Bxcept for'tfeatin

i

L ‘" Dipping is to bee'pref red.to-snrav1nﬁ as the latter leads to: some wastage
ofxthe Preservative: Dlopln_ arr—drv bamboo inhot preservatives gives rood .
;Jresultsf_ The chemicals ‘mentigned above give protectlon only against borér¥ ant .,
“TTto some extent termites. For\pProtection apainst fungi znd borers a five-minute
dip is; recommended in, a-solution containing 2 per cent. borav and 1 wner eeht . Ll
. Deﬂuachlorophennl in whlch 1 men cent is dispersed: Alternat1Velv, a8 B ’
O Dleldrm-PCP-f-Copner emulslon mad up as follows may be used: . Dleldrm l oartz

+
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Figure X. Bamboo sliowing attack of Dlnoaerus'“" :
' o (a) Entrancé holes bored by the teetles. into the surface
exposed_by cutting off side-shoots °
(b} Entrance holes bored by the beetles 1n the exposed
PP transverse sectitm of cut ends
" {e) Entrance-holes in the internsl wall.or\¢he 1ntern0de
- which-heas been reéndered accessible to the beet .
'my cutting ‘across the bamboo BELoTe the HeyT 9 ﬁe o
ntrance tunnels carried il the wall from the cut end
Mtrance tunnels in vertical and horizontal sections
~ Larval tunnels exposed dlagrammatlcally in transverse
.- e ection
g g tarval tunnels_exposeﬁ d:agrammatlcally in tangentidl -
' ' o -Jsectlon ;after removing the inner wall o
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PCP 4 parps, vater 75 parts; and Copper Nevhthenate (1 per cent C_) 1 part. °
In Japan, hercqry and tin compounds have also been used for protegtion against
borers agd fungi, respectively.

Steeping . o : " ' .

w -

Preserﬁgtion by soaking is the cheapest and simplest chemical treatment
- method. The culms, preferably in the preen.condition, have only to be kepnt
» immersed in & preservative solution fdr-a period of five weeks or more,
depending on the species, ame, thickness and absorption to be: obtained, The
. longer reriod‘of sosking would be reguired if the bamboo is needed for locations
in contact with thp ground. Adeguate absorpticn in auantitv and denth can he
;%tainedﬂby soakifiz. The main disadvantaré is th&glonn time required.

- F
et

In split bamboo, the sosking peribd-can’bé reduced twv 33 to 50 ner cent.

1

~--.Penetration of the inner and outer wall can be 100 per cent. Funturing the

cuter skin and ue offfiFrh-temperature can sveed up penetration. Puncturines
the nodal partition 'wall,” where possible, with an auger would be useful in

- obtaining better .end quicker treatment. ‘Diffusion rates appear to be different
for different spebies of hamboos. Absorption of preservative was found to be
directly proportional to-the depth of penetration. -

_ The soaking method can be universallv 'specified for the treatment of bamboos.
* for all purpcses, It reguires little equipment and technical knovledge, provided
the schedule of *reatment, such as the type. of preservative, concentration and
© o period of goaking., is carefully worked out. T, :

“

Boucherie procesg = .

If bamboo is required in the round shape with interncdal vpartition wall
intact, the Boucherie process of treatment is most effective. In the normal
Bopcherie\pfbcess, the preservative is pushed into the gtems bv eravitv from a
container placed at a height of about 10 metres throurh pipes. This method is
improved by using 2 simole hand pump by means of which air pressure is anolied-
te a container of the preservstive standing on the ground. This reduces the’
period of treatment considerahly. % . :

The modified Boucherie process has been adanted for treatment of several
culms at the same time. (see Fipures XI and ¥II). The container used to hold
the treating solutien, which should be of the water-soluble type, is provided
at the bottom with side; tubes fitted with stop-cocks and rubber tubes to which
~are attached the green bamboos with branches on. In order to secure leak-proot
¢onts ot between the riubber tubes and-the bamboos, suitable metallic clamps or
other deveies are used. The tank is also fitted with a serew cap to which is
‘attached a motor-car tube valve. The tank is filled to ahout two thirds of its
height with the treating solution and after the cap has begn tirhtened, air is
pumped through the vaIVe:%D a pressure of 1.0 to 1.4 xg/en”. Under this pressure,
the treated; liquid forces the sap out of the walls and senta of the bamboos
through the open-end 'and:réplaces it in courge of time. - After a few prelininarv
" experiménts, the copcentration of ti€ treating sclution and the period of
treatment can be determined to obtain the recuisite absorption of the

- ~—-preservativey— The preservative liquid that flows out of the bamboo ecan be reused

Cafter bringing™it up to the required concentration and pH.




Figure XI. ilodified Boucherie process for treating bamboo
' showinrg four culms connected to rese,rvqi"‘r of
- preservative and hand-operated pump for applying
phieumatic pressure '
(Forest Research Institute, Dehra Dun, India)

-




Figure XIT. l'Iocflified Boucherie -process Tor tl\ecting barbos
T 'deiéreloped at Forest Researc: Ipstitute Dehra Tun, -
v T Ingin -
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Boucherlo treating eQulnment can be desipgned to handle as many as 500 or more
- bamboos at the same time. - The 1nstallat10n5 are easy to transport and may even he
‘used in the forest. Preservatlves suitable for application by the Boucherie
"process are given in annex! ITT, The process is, however, applicable only to
Treshly felled green bambhoos, and for. the treatment to be .satisfactory., harvesting
should. be done only af the time ot year when the vessels in the culm are full of
L, “gap, Over-mature bamboos cannot B treated by these methods.

. Stepoing method ' . o - . . .

+
Uhen only a few culms are to be treated, the Boucherle PrOCess as orlelnallv

developed may be used. The process, hetter Pnown as the stepping method, consists
in allowinz freshly ecut culms, with the crown and branches intact, to stand in a
container holding the preservative solution, to a depth of 30 +&- 60 cm. Through

_ transpiration of moisture from the leaves,” the solution is drawn Up the stem:

" The perlod of treatment depends on the stecies, length of the culm, climate and

' preservative used, .One to two weeks pay be required to obtain complete
penetration, ' T

Capping method

Simple adaptations of the Boucherie process may be used for the treatment.
of small quantities of hamboo.  For sxample, a lenpth of bicvele bube or an imner
“ i  tube of & motor tyre, may be slimped over the butt end of the bamboo and secured
with thread to serve as & reservoir for the vreservative solution. The

. preservative i¢ then poured into the tube, ihe bamboo belng kept suitably

'1ncllned with its butt end up, .
DLl The basal internode of the culm pma __y-itsgif be used as & reservoir for the
preservative solution. A cut is = made in the *inner well or the bamboo to facilitate
penetration by the solution. 8 .

A

- Hot and cold bath process’
P When pressure impregnation facilities are not available, the het and cold
. bath or open~tan process, gimilar to that used in the treatment of timber, may be
used for air-dry bamboo alsc. Injorder to facilitate penetration and aveid
_Cracking the walls, the nodal septa are bored through; the bamboo is-then-submerged
in a tank of preservatlve which is heated either directly over a fire or indirectly
by means of steam coils in the tank. The bath temperature is raised to about
od° ¢, is ‘held =t that . temperatura for the desired perlodwand then allowed to cool.
Absorptlon of 70.h Pg/ma creosote’ ‘has been recordéd using.this method.
| .
When using flxed-type preserv tlves whlch may nre01p1tate on heating, it is
- best to heat the bamboos rapidly i water’ and then to drop them in a tank
“”qqntalnlnr caold preservatlve solutilon.,  For: ‘organic solvent-born preservatives
. like FCP, ‘the bamboo should ‘be heatied 1n a liquid of suitable spec1f1cat10n and
:then trensfe1red toa tank of cold reservatlve

N ™~

A 51mnle tank may be 1mprQV1se Yoy euttlnp the tow and bottom ocut of one or,
‘more drums, denendlng on the. length |of bamboo to*be treated, weldins them teogether
. t6 form. a long. cvllnder eloséd at bolth ends s&nd .cutiing the cylinder lengthyise
into ‘two halves., Two cyllnd icdl op¥n tanks are thus obiained. .
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- bamboo are given in annex III. Borax, boric acid aund sodium péntachlorovhenate are
.'good against borers and are readily absorbed by bamboo. The last is pood a~aipst .

Pressure treftment -

Pressurettreatment is suitable for dry bhamboos. The moisture content of green »
bamboos would have to he brought dowm below 20 per cent before satisfactory
penetration gould be obtained with this msthod. Bamboos treated in the round nmay
gnlit under the préssure.'-TO avoid this, a_hole should he hored throush the septa
of the nodes'withlan suger. This =lso engures more thorough treatment,

Both- the full-cell and Lowrv preesqre processes used in he treastment of timber
may be used with bamboos. Absorption of 2bout 85 and 70 k~/m”, resvectivelv, of
‘crecsote have been recorded with these methods. In Taiwan, round bamboos, with
nodal ‘'septa intact, have beén treated with aouesous solutions at g pressure of less !

__thanESJkﬁfch to prevent cracking. Absorption was of the same order as thet .
- attained by onz weel's soaking. Soaking for five weens resulted in abs orntlon 1.5

:tot2ltimes that obtained bv pressure treatment

Preservation for bamboo .

~
. s o
Preservatives hnd methods of treatment recommended. Ter varicus and uses of

sap stains also. Recause of its leachabilitv, treated bamgboo should be piven a
water repellent treatment with a material such as paraffin vax or tung oil.

' Fire retardant treetment.

Althounh not much work has been done on the wrotection !of bamboo' and reeds

. apalnst flre, it is n0551ble to treat them with fire retardant chemicals in the -same

-way as wood.. Th§ cost, hovever, is 11ke1v to be too high for-the types of houses:

Fenerally built of bamboo and reeds. * It is worth while to treat bambhoo with the

following fire-resistant--cum-antiseptic compositions. i .

Ammonium nhésnhate. . 3 parts ) : _ .
.+ Bori¢ geid ' - . .. 3 parts . . SR L
Copper sulphate 1 part’ :

Zine chloride _ S partst - x .
Sedium dichromate 3 parts PR
e water w_m_“”_n_._f - to 100 partsa . -

'y few drops of concentrated hydrochlorlc acid are added to the soluticon to disedlve
the nrec1p1tated salte. The pH oﬁ'the solution is about 3.5. E

»




II. BAMBOO AND REED BUILDIHG CU}PQNﬁNTS

T
i,

-Shapéﬁ: full, qalf, split, board, mat and slat

A varipgty of bamboos and reeds are used as building components. Fach of the
various shapes usually” has & number of uses For' example, the board shane may -
be used for walls, roofs and flooring. The methods for oroduc1ng these slapes

“vary from the use of the sifiple tools of village handicrafts to the continuous-
operation horizontal presses used in the Soviet Unien which produce L0 sfuare metres
of reed -slabs per hour.

¢ Full

By far the most common shape in the full culm. Although no eguipment is
required to preoduce this shape, several methods are used t+d make it'suitable as

a building component. First, the culm is usually tapered at the tip end. This

iz a disadvantage in elose- flttlng constructlon and is best dealt with Wv cutting

“the culms into shorter'lengths. The cuttlng may be done with a long-handled knife,

machete, hand shear or power shear

—— N b

a_"rhm?

. ‘Many culms gre curved and.thls, foo, vresents difficulties ﬁn their use
' as bulldlng components. Generally, the curved portion is not used ‘for framing
or in ClOSE-flttlnF construction. Curved culms may be stralghtened but the - process
~is not economical on a large scalé. Tt consists of heatting parp;ally dried culums '
and p1301ng them in forked pegs on the ground or pushing tiem through holes cut
in upright wooden pobts. . . E
: PO S ' ‘ } b
Half \ - _ . ‘- |
Helf shapes are produced by splitting full culms longitudinally, Two cuts,
180" apart, are made by knife or axe in the cross section of the culm. Wedges
are plaébd in the cuts. The cuts are placed on an iron or hardwood bar aud the
culm is pushed in the direction of the bar {see figure XIII). This comhletes
the splitting of the culm in twe. "The most common use of half shapes’is in 7
‘roofing, where the split culms are interlapped convex and conchve to permit
rain run-off. Quarter shapes are produced-in a similar manner as half shapes
*except that four cuts are made and & cross rather than bar 1s used for splitting.

L]

‘Split & | o ' -

L

- The term "split".is used for any shape smaller than a guarter 'of the culm.
Generally, splits are not used as tuilding components but are woven ‘into mats or
made into lashing. Spllts are made from quartérs by dividing the quarter radially
or longitudinally. The radiel splits are used as cut. When longitudinzl splits.are
produced, the hard outer strip is prized open and the soft inner strip is usually

.

discarded. Bamboos and reeds split easily with a;long-handled Lnlfe (see ' e .
figures XIII, XIV énd xv) L7
:'s ) . .




- Figure XIII.

L

Dev1cea for spllttlng heavy culﬂg

“{A} A cross of iron or hardwoodnbars (about 1 inch thick)
supported by posts {about hﬁlnches thick and 3 feet

high} is set firmly into thexground with an ax,
two pairs of splits are openéd at right angles to

‘each other at the top ehd of the culm: these are

held open with wedges until txe culm is -placed in

. position on the cross: the culm is then pushed and

pulled. bj hand, in the dlrectaon indicated by the
arr oW

(B) and {C) Steel Wedge for 5911tt ng quartered culms

(D)

Block with single and paired steel wedges for
mounting on a heavy bhench; adaa&ent faces of the
raired wedges should be sllghtlﬂ closer together at

3 ..._;29_
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Fipure AIV. eSpllttlng of moder%te—ﬁlzed culms to make ulthes for weav1ng and

L o lashing .

) Ruartering a culm: L

(\J\) Starting four breaches at u‘pper end -,

(=) Driving a- hardwood eross along the breaches to coaplete the
"Spllttlng,l

(C) Dividing: quarters radially, making centre splints first-

(D) Splitting radial divisiofis trangentially:. the hard outer .
. (convex) strip is best, and the soft, pithy inner (concave T

i strip 1s sometimes WfScarded: - :

" (&) Long-hafiled knife used for (c) and {D): some werkers hold a

. skrip of bamboo on the blade to-add to 1ts &ffective thickness

5 . when they wisi to- ‘speed up the work (1cClure}

:i = 30_.
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Figure XV,
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Bamboo and reed boards are commonly used for flooring, walls, and even
roofing. A board cobsists of culm that has been cut and-unfolded unti _it is I
almost flat {see figure XVIJ. The full culm is cut at each node w;pﬁfin axe. '
Then, using a greased bit, a long split is made and the culm is spread wide open.

The thick walled base part of the eulm is not used for. making boards. After the *

culm is spréad open, the digphragms at the nodes are removed with a machete, adze

or spud. McClure describes the preparation of bamboo board in Teuador as follows: .
" "The operator called picedor holds the bamboo culm in position on the

ground with his foot and strikes the blade of an axe into each node

at intervals cof an irch or so right round the culm. The incision

in the different nedes are short and entirely independent so that
=" "the wall of .the culm ¢lings together as a fabric in spite of the
' _ greal pumber of splits with which it is rent {rigure XVIT). VWhen
- every node through the length of the culm has been ‘cracked in this way, -

‘the picador makes s single contindous split from one-end of the culm

to the other. The culm opens oul apd may be pressed flat. The boards

thus made are stacked, first”one with the inner surface up, then one .

‘with the outer surface up. The stack is weighted with stones to prevent
‘curlifig, and the boards drv out- flat." : -

a
3

PBamboo and reed mats are made by plaltlng splits (see figure XVITT).  The
. matting is used for partitions, ceilings, floors, doors and windows, and sometimes
for walls. Usually single-ply matting is used. HMats are produced in a variety
of shapes and patterns. The strips are generally woven by hand although small
machines have been used with some sucecess. Ply-bambgo consists of woven bamboo
matting glued together in much the same way .as plies of wood in plywocod. The most
common types-of assemblies are two or three ply, either all bamboo oz with a
core of woad or plywoeod. Ply-bamboo mats are glued together with phenol-~
. formaldehyde and malemine-formaldehyde hot-press resins, Casein and urea-
formaldehyde glues are also used. One-ply bamboo is made by pressing at 30 kg/cm
and lhOD/G mats containing 15 per cent phenol- formaldehyde resin. This ply-bamboo _
- gives considerable resistance to termites and weather (see figure XIX}. . . ’

Reed slabs : . . : - ! Co

Reed slabs, alsc known was reed boards, are common in the USSR, Remania,
Austria, India, China and other countries.  They are used in the construction of
homes, temporary buildings and agricultural ‘buildings such as poultry houses,
cowbarns and sheep pens. Generally -used as non-load- bearlng members in wall sand
roof construction, reed slabs are also used as short-span roof members over A
_suitable framlng o -y

-
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V. G. Zezin gives the-follcw1ng description of the manufacture of reed
glabs in the UGER: e .
“Reed slabs ére rectangular blocks from reed.stems and bound
" together with wire during pressing /see figure XYf The quality of

- these reed slabs should meetl the requlrements of KUSSH/ State Standards.

il

"There are more “than TO plants®n the USSR, which produced above .
20 millien': square metres of reed slabs in 1965.

i - "The basic laws on the preparatlon and’ appliecation of reed slabs
" are incorporated in the 'Provisional rules on the manufacture of reed . . .
glabs and their appllcatlon in building cdnstructions'. : Te T

1

W The reed slabs ere manufactured in two types: “type A in which the -

‘reed’ stggg_grﬂwﬁrranged crogswise, i.e. the stems lie parallel to the
shorter.side Qf the slab; and type B, in which the stems are arranged ' s

'”'longltudlnally i.e. the"stems lie parallel to the longer side of
the slab. The dimensions of reed slabs according to the State C
\,Stahdards are in \(in mm). .

b

‘F lengtn - " 2hoo, 2600, 2800 3 ﬁi,
viagh., - 550, 950, 1150 and 15@0 L, '
thickness - : 30, 50, 70-and 100 d;%%(L 1 ,

1.6-2 mm galvanlzed‘steel wires are used in stitching

‘ pressed bloeks. .

Phe distance between the frame wires conStltutes from 140 to 300 mm, and t
the distance between wiie ‘staples constitubves from ho to 150 ma depending ; Coe
on the lehgth and the thickness of the slabs. %.”_.. . . '

"The consumption of wire per square metre or reed—élab for ‘type A is o
. from boo- TOO grams, and for type B from 260 to 415- grams - S e .

“The ba51c phys;cal and technoloqlcal indices of the reed slabs
are given in table 1.

Table.l

'_dThickness ' . Volume Coefficient of heat " B@ndinn )
weight conduct1v1ty e Hrength
mm Kg/m> Kcal/m.per hr.deg. o e/cm .
70, 100 175-200 O oh—o 06 e : to TS -1.25 3
30, S0 ©200-250 . 0.06-0.08 1352, J :
= - ' — B ) : T o

; “The above bendlng strength 1s*nalculated for slabs in which the
ree?s are placed perpendicular to the supportlng frames: v

o ' -37- R







"$ifferent hand-operated machines can be used in the small-scale
productlon of these reed slabs, say up to 20 thousand sguare metres per
annum. An example of sych a nachine 15 the Omskiy Harid tfachine i-20C which
was used in the construction of. Collectlve Tarms in Siberia. This ia
a vertical machlne of weriodic action. During the pressing process,'%he
reed 'slabs are stitehéd with wire staples which are fixed on the
wig fraﬁes Drelinina ily streteclied on both sides of the pressing
gaugg: ' Special automatic orhand-operated mpcl IRESg are used. O
prépare the wire staples. Automatic staple making maghines driven
by (D 75-1.0 kw) electric motors produce up to 1u,000 stanles per hour.

.

- "Type B reed slabs owith long1tuq1nally 1Jacea reeds are wanufrctured

" - on hand-operated vertical machines, Th& output on these machines depends

on the skill &f the operator. on nt the'average three experienced wvorkers
: produce 6—8 squane metres of slab per hour.

e "It is advlsab_ to manufacture these reed Slakﬁhlﬁ TOWer Tresse
“when thé*%nnual productlon exceeds 30 thousand square metres.

-"Coﬁtinuous operation horizoﬂta“ presses, AKC, KTP-3, and Ka-2. |
are used in the productlon of type £ reed slebs with transversally
placed reeds, whereas vertical press B-1000 of continuous action is
“L used in the manufacture of type B slabs with longitudinally alaced

reeds. R ) )

"Besides these pressés, the other enuipment reauired in this . |
nroductlon is vire-coiling. and reéd—cutting,maéhines.
. {“The "capacity of AhC press is about 30 square metres wer hour.

Adeanm of 14-15 vorkers opurate tuo prc;qég: ,l '

_"The production technology with the KTP-3 presses is analogous. |
to that with AKC rresses, Lut due io the srcc1al euttip? “ovice
incorporated id its da51gn,vtnere i3 no nced of precutting the reeds.”
Its capacity is about 40 square mqtera pe{ hour R L,

“The B-1000 presses for the; ﬁhnuf&cture of tvDe B slghs have
been designed incorpefating. the Soylet and foreign experience in ihis
field. .This pressis transporﬁed on 2 S5-top truck and is-installad
.on & dlsmantable metal supporting ataud. The.veeds are loaded -
divactly from the tractor fo the charglng tahle,‘therefrom they are
fed in preset doses to a conveyor which delivers the reeds on to 2

c*ting table vicre they.are cut to the required length. After the
cutting process and prepressing are. .dyer, the’ reeds are fed into

g vertlcéf'chanMer where they are findllv pressed into slabs. The . .. ..

stitching mechanism binds the reeds with.wire staples. Jfhen the.
;“slam ends are’ “sutand trimmed.  Ready nressed slabs: comé out ol the
. ehamber in the forin of a continuous banil which moves vertically and is
sliced into slabs of required:sizes, The cgpacity of the B-1000 press

7 1% ahove 100 square meters-per hour."

v
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"It is reasonable tp orgaﬂize sﬂatlonary nroductwon only when
profitable conditions are availgble for the transport of resds to the
foetory and the Drcduce ‘from the factorv When the reed thickets-are
spread over large areas; 'the prod etion is organized with a ce=ntral
- base and a few wobile yorkshops located clese’to the places where the
reeds are stacked. Al{ the renakr shops, stores for technical facllltles, ~
paraoes ete. are located at the éentral base. JPres#ts and other @
‘equipment, as-well as the mobile power ghnerators are attached to
the mobile workshaeps. P : =
. ,-,'
"After the rawv materidls are conbumed the mobile workshops
'are moved away to a new place. . - : o .

) "ﬁne AKC, KTP=-3 andwg-lOOO presses : can be used hoth in statlonarv
enterprises and in mobile workshops.” hf

Reed slabs are also manufactured in vlllages, ithere a wooden frame is used

to assemble and compress

.plaster finish topped by

surface, reed slabs take
(1:3) are switahle..  The

not mdre than 15 mm for plain and 20 mm.for rough cast.
it should be steblized with bitumen.

tarmite.attack and fire.

the reeds.

Reed slabs used as roofing require a cement

a bitumen felt waterproofing.

- Because of their rough

plaster readily.

Both cement plaster {1:6)

and lime-

plaster should be applied in twoicoats to a thickness of
Wheré mud plaster is used,
Reed slals. are susceptible to deeay, )
They should be treated with pres ervatlve» and used wlth

termite- r651stant construction. . 1

a

Reed slabs, also knowm as reed boards, have been commercizlly produéed in
Austria under the trade name of ”Esterplan” and . 1n Indla under the trade name
of ”Jaxboard" (see Tigure XXI). . : . . s
' 3

2= N N - ..
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Fbundétions

Bamboo and reed pogts drlven dlrectly intc the ground are n cdrmorr feature of

bamboo and reed hou51ng. AcClure states: ° * . : R : :

(8- . PR . <]
“Examples of the use of“bamboo posts instead of a c0nvunt10nal
foundation for, low-cost houses fare avallable{ in both hemlspheres.
Unless they are treated with gome effective fungicidal preservatlve,
however, such” posts are not -expected to last more than two or three . -
years on the average, or five years at most - wnder unusually, favourable
conditions. - AlthOugh ne experimental data are available, it seens - .ot
reasonable to expect that the lasting gqualities of banboo ‘culms. set .
in the ground may uitlmately be extended appreciably by annlvlng s
fpentachlorephenol in an approprlate form.... Unitl relisble and
_ecoqomlcal treatments .have been developed for preserving bamboo that
Jig frequpntly we ted or -is constantly in ‘contact with damp earth, _1t is
considered . better to usé some material that is more durable than -
=--untreated bambge for foundatlons - ccncrete, for éxample, or stone
._bflck dr some durable hardrood

Ly iG Z631n, op. c1t . pp 4-8.
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ot S . ™When used as supporting posts in low-cost houses, culms should.'
- »  hawve a fairly larze diameter, thick walls, and nodes {points at whic
) traasverse. diaphragms oceur}). clos& togetner to give maxirum re51stanq
to berding. Wrere flargz bamboos are not availble, smaller bamboos with
suitable structural characteristics may be Lound together to make
compoﬂlte nlllarvv“ 5/ e - . .

Since bamboo and reed posts in direct contact with the earth are subject
te rapid deterioratien, it vould be useful to anestlgabe their protection by use.
~of conCrete encasement and OuheT means.

Fl

r

"Next to the foundation and the roof covering, the most hasic frame

T rIsTthe part of @ house most often made partly or wholly of materials other

thap bamboo. :In many resions., those who can afford th: difference in'cost

prefer to use some durable hardwood for frames. They do so partly because

hardwoods make stiffer-joints and more rigi: construction than bamboo, .

partly because a greater prestige 1s%generallv attached to hardwoods, and

partly because certain hardwoods are naturally much more, resistant to

rot fungi and-woodweabingjinﬁﬁcts than untrested bamboo.

'“There are certaln.clrcumutances, however under whieh the superior
re5111ency of a bamboo frame cohfers important advantages over a rigid
construction. In regions wiere sharp earth tremors or gquakes cccur

- frequently, a bamboo-framed house may 5urv1ve and remaln servlceable

longer than any other tvpe.- i T

-k N . o

"In.the selection of 'ﬂturlals for thp several types of structural '
" elements, the characteristics of the bamboo should match the function to

be performed. = Only [full/ culms are tsed for the prineipal parts of a

hamboo frame. The dimensions of ~the various structurdl elements, and

‘their spacing, are governed. br the nature and importance of tge function
" they perform, Stiffness and ultlmate strength are 1mportant 1n elements
" of the frame, - To get- relatlvely {iniform diameters,. and maximum thickness

of wood wall (for stiffness and 5trength), the upper, highly tapered,

* relatively thin-walled portlon of the culms is removed. These tip
. cuts may be used in wattle-and-daub partitions, or for roof sheathing, o
wvhere close epa01ng may me'e up for the inferior properties of the ' '
individual units. °

- "Phe individual structural elements that compose the frame of a 5
conventional all-bamboo house correspond closelv to those found in an
‘all-timber frame: Corner posts, girders or ‘plates,. joists, studs,

s¥ruts or braces, tie beamq; king 'posts, purlips, ridgepoles, rafters,
sheathing, and so forth. = The use of bamboo imposes certain limitations, '
however, " Mortice and tenon Joints cannot be used in framing bamboo: any
cut,-such as ndtch or mortice, drastically reduces the ultimate strength
of & bamboo culm. The: only. exception is thé notell or saddle-1like cut used ~
AT ERE Gpper efid of fosts to cradle more sdcurely the horizontal elements
a tb.t rest upon them, . :
N : ' '%‘ !
—'———EL_)“_E_-,A'_...JPC_EIEJ op- cit., p. 3.
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"With the exception of those of certain species of Cuadua... and

of Chusquea, the culms of most bamboos will Aot teke nails without

" gplitting. For this reascon, the impinging elements are generally lashed .

to each other at their intersections. In the Far ‘Fast the withes used 0
for lashings .are commonly split from bamboo, more rarely .from rattan. i
Where the available bamboos yield brittle withes, %ough' vines or the
‘bark of. certain txnees and shrubs ﬁEKXbe used for lashings. In soms
‘areas, soft iron wire, most of it galvenized, is used. " e/

j_Bamboo scaffolding

S Bamboo poles lashed together have been in use as sc\ffoldln" from ancient
. times. _They are admirably suited for the-purpose because of. their strength.’
re51llence and shape. Bamboo scaffoldlng is still used exten51Vel7 in Asia, Africa
. and Latin Americe to support the various operations of building, h&lntln? and .repair
) ‘or even multistoreyed structures (see figure ¥XIT). The nlatforms 6hxwh1ch masons
~gtand while werking and.building materiasls are kept also often consist b{ bamboo
culms lajd side by side and lashed to eupportlng fembers. VWhen lifting devlees
‘are not used in building donstruection, ramps constructed from bamboo often sexve
ﬂfor vertical transport of materials. Bamboo scaffolding is alsp erected against-._
"dwellings to support bamboo matting for protection Against, rain during® ..
- suEmey, . . .

Flooring

“Manv bamboo houses have no flbor other than the suyface of tie

earth on whichithey are built. Thig surface should be, and usuallv is,

raised- eomeuhat by filling with earth to prevent inundation by drainage

vater; it may We. compacted by pounding. If the fill is made with clay,. ' :
$0 much the'}etter, for’ dlay affords a relatively stable surface. The. . 4
 surface of a dirt floor may be. made more stable by paving it with bamboo
“boards. The" §611 should-first be-graded.to provide natural drainage,! but o
not compacted, before .the bamboa boards are laid «in place. These may B
then be pounded with a tgmper of suitable design, to drive them into’ -
close contact with the surfaCe of the soil, which is compacted bv the v
‘same’ operatlon.\ S

e

"In better housee,»the floor is raised above the ground This
arrangement is ﬁore hyglenlc, and nrov1des a sheltered space below the
floor, which. has many potentlal uses. In some dreds this space is devoted
to the rearing: ‘of various domestic enlmals, elsewhere it may be used for
the storage of todls and farm’ equipment, or even farh produce. It may
prov1de a welcome sheltered plav spacg for children-in inclement weather.

= "SerV1ceable and attractlve ralead floors may be made entlrely of

bamboo, given suitable species and a sound structural design. The

. principael features im conventional de51gn are the’ supnortlng {eams (part
- of the b351e frame) and the. floor coverlng.

6/ Ibid., P 3-4.

g
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i : "Bameo culms are more resilient uhan conventional uzmhers and the PN ST

| space betwaen buoportu-a1ould e redeesd accordinglv. Spaciag Jnnc1f1uat10nt
f must be worked out locallv for the individual sp=eles of bamboo and the T
size of the culm uded, : . ¥ :

"The floor covering way be wade of umall Jiple culas, steipg, or ' \
_bamboo boards made by orening and [lattening out wvhole culms.  YWhen !
the floor consists of bamboo Foards, it is generslly fasteneld down W
“"the use of thin strins of bamkoo secured to the swiporting members b
thongs, wire lashings, or small nails.™ T/ ' ’

L1

. _ Loofing o _ .

- . : .
: . Bamboo and reed are commonty used for both roof Tramipg” and roefing. Wiere
-;tlle or thatch is used a5 roofing, the surnorting: frame 15 freauentlr of hamboo
Coer reed. v IR

.

" ‘Bamboo. tile woofing ' P : . i
e ' ' e S
_ - The 51mplest form of bami:o0 roof ming is made of halved bamboo tiles
runting full length FEOm theeaves to the ridee. (see figure X%ITI). Larpe~diameter

“culfls are split iirto two halves, the diaphragzm scooped out and the tiles seaqonpd e
i a2 sheltered place. The framing is of bamboo culms not less than T cm in daqweter
“The first layer of tiles is 1laid side by side with the concave faee upwards and /
ftled to the purlins. The .secdond layer is then placed over the first with the -

convex face upwards, “the whole interiocking. to form a pattern similar in appearance
;. to "Roman pattern” or ”Allahabad pattern”/tiles. The minimum piteh of the roof
T ;should‘he 30 . The roof thouph simple, can be meede complﬁtelv watertlglt.

: L} i

'; - g. Lo

e T .
;Bamboo shlngle rooflnP N N

Kl e

the shlngles belng formedkbﬂ;apalt segments 3-4 cm wide air dfied in the ‘shade. .
_ The maximum Tength is equal thﬁhe distance Between nodes. A "hanglpg—srllt" is :
‘formed bn the outside -of the shlnrle at_the node ~hd and the tiles are fixed to
spllt bamboo battens by hooking this hanglnﬂ-sollt over them (see figure XXIV).
of framing is made Wy culmsnnot less than T cm in dismeter and the battens
i nd hrac1ng of bamhoouspllnts not léss than I em wide. Tile battens are spaced at |
a“out 15 cm apart- on the. Pafterswand some 200 shingles are required to cover i )
.1 square metre of roof. -The mlnlmum piteh bhould be 30 . ) .o '

s
. - . . LF
v . d

'Thétchﬁje\'!dfropfinp“' , . ’ . B - ﬁ‘..-.l .. H

l .
; Thatch i5 oné of the mosk &nlent forms of roof coveri & In general palm %
}leaves are preferred for thatchlng (see Tigure XXV). Thoughl in remoté\£9reat
‘areas, bambo® leaves are themselvev us=d as thateh. Bamboo raming often forms
the base oveq whlch the thatch 1s 11rﬂ ‘and tled This framlrw may-consist of -

e Ib'ifi;'_',-p'. b S
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Figur'e KXI-Z_I_ZI. Bamboo tile roof of‘ a hutuat the Forest. ‘?esearch Instltut.e,
E Dehra Dun, Indla ' . . o
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' . Pigure XXIV. Biémboo'shingle reof construction..
at the bottom

. ‘are shown

i

Dgtai.]:s of one ghingle

o
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Bamboo roof. framework on sooden posts; vlaited coconut’
leaf roof covering ' - ' -
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‘vertical bamboos LO mm in diameter laid 30 cm 'apaxt’, aver ‘which srllt. ba.rnboos {z.re e N
securely fastened? at . right angles 15 cm apart. Mhile straizht bamboo culms are‘best ’ .

for the framing, bamboo rafters and purlins th}:‘t are not quite straight, eitlier
_1nd1v1dually or in thLlr allgnment, are also dsed, siuce tQp straw adapts,itself
; .. 1o the lrregularl.tles of the surface. Bpll bamboo l‘unner* and sparc. are used
o nato pln down.the thatcn,at valleys “ﬂd rid e%. Y - ~

'

[ i T : .|
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B T“ qj' uEEdS make a more durable thateh thah doés straw, and « w@%T‘lald reed roof‘n
’ gl knpwn to lest from ‘60 to 100 Years in Rurope it it 1% cleaned everv sgeven years. T
Thls :Ln“ter\ral however, differs with the cllmate. The lnnplh o-{‘ repts usually ” :
vﬁrles from 1 to 3 m. The siorter stems.are us ed fér c1ncalar roofs and, for
_ u,.nrklng patterne in the thatch, while the longer ones’ beiilg coarser a'm less
“fi*xrble are employcd for tke aln_portlon of* the ﬁoof,. o T
. i
Thé method of flxlnb is Lhe same as® that for strav roofs. The gauge ‘or 5
cl;l.stance at vhich the battens.are fixed 'is 2) cm in this case clring to t.be n q- Lt .
~increased lengths of the stems. Tme thatch 8" secured to the battens. Uy laylng the . .
”reeds in position,:and then placing a stiff- runner or spar alonz on top paraliel . .
vmth the bdttene and t\rlng it firmlv to the latter with tarred fone : 'T“he runners ard
;placed near the top ends of the reeds, about 25 em apart, Ir tne qnder51de of, the
froof is plastered thearope is tled to iron hooks that are driven into the tlnMer
" 1{’&5tead Of being. passed round t‘he 1afters where it would he In the way. s

n o a .

An old reed roof ca: be renalred when necesqarv by raking all loose’and RS
decayed reeds off the’ surface ‘and ”Halﬂ?coatlng it with a-15-cm thickness of . e
ney material, in the same way as stram’ The thlckness of, arnew roof vques from s
as to 35 om and is governed by the¢p1+ch of the rafters. ‘A piteki 05 ig suitable N
for a 25-cw* o®at’  The ‘weight: of th:.l% type of roef is about 40 kg/m m%‘] the . reeds L
are 30 e thick, and 1c aboux the same as etraw. . . .

LIRS . : : ! o e “n
[ h . . N 3 . o 3 -
- Reed board rooflng o A - _ .o °

a — b
R .

-éa_ ?eed ‘boards are used as roof cover1np in a manner elmllar to other sheet . T o
' reofings. But ‘the boards are butt—gplned and the roof wa.‘&ernroofed {see - "y L8
figire XXVI) :Mhen the reeds' span.is ab rlght angles to-the diraction &6f span
. of ;the suDDortlng member, the board is- capa.hle of ca.rr\rmg & substantial”lcad|
S Por examgle, a 25-mp board wlth a purlin enaclng of 75:em can carry a load of
- 730 kg/m~ without ExCessiue” deflection. “For’ laylng dl1.5m long bpard, the -
LWE roof framework is deslgned in the cqnventaonal ‘mahner Hut w1th purlin spacing
ﬁ.at 75 om centres: , The reed boards are laid egxthéi “each sheet is Supported at - e
| mld span and at dither: end by a T\urlln Sheetq are butt-ended and fixed "oy
i screws with diamond vashers .to-timber Durllns, or with J-hoodks if mild steei .
\ purllns ere«used.\ Ridging s cut from reed board shaets’and laid with the” _ . “
__dirqoteén of,span of reed perallel to the purlins. Adjacent widge panels may . - _ o
“ pe:bound together by galvanlzed irgn-gire. The boards are w1ven a 12-mm cement- e
ﬁ-sqndmplaster cover befone being waferpnqofed with bltumen Telt Such a foof ok
.. offers excellent 1n$ulaLLcn agalnut;heat “anad cgld and is, weatker proof. . . o

o
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Firé protection.of thatched hodses

: Lar e mmbers cf v1llage dwellings thatched with strav, grass and palwm leaves

{' are ‘burnt down every yeer in. India. Fire usually originates inside a dwelling

ot soreado rapidly through flaming or glowins fragments carried By wind.
Fire-resistant treatdents consigting of impregnation with ammonium salts and other ..,
chemicals are to€ costly for use in village dwellings. oreover, thev are

.--1eached out by raip.” Thev also promote arowth of mould, leading to accelﬁrated .

.+ physical breal-up of the thatch Another method to reduce the rate of burning . ;

of thatch roofs is fo restrict tlhe ‘flow of air throughrthe thateh in the event - '

. ‘of 4 fire. Thls could be done by SE&llnF the underside.of the roof uwith & . N
o non—conbustlble ‘material,- such’ as asbestas cement sheets. The use of bitumen”
stabliad mad plaster for thla purPOSP is under 1nvest¢gatlon at the Central ﬁ’
Bulldlng RBesearch Instltuxe, Roorlee (1967), and tegts on strav and palmyrah palm -
';leaf thatéh roofs show that plaster gealed ‘roofs take a, konger time to burn., . = ﬁ

‘Whereas thé fire spreads read1lv on both sides of”untreatpd roofs, there is no
flaming on the lover surface af treated roofs. - loss of life and pProperty w1th1n
T.dwelilngs by externally spreading fire can thus be reduced by mud plaster sealing

- ofgthateh roofss The” treatment can also be applied to walling of teeds, grass,
stravand - -leaves. The Tlower rate of burning of. treated rogfs also makes it .
possible to approach close to the bhrning dwelllng to fight thﬁ fire. The nr&ctlcn
or” plﬁste?lng The . uldersiae of*fhe‘bést“Qualltv'of reed thatch‘roof'heloS“reduce

kol

the-rrﬁ?s of rapid flre_spread- Ty - - ] - .

e s )

e

I trong w1nd usu&lly carrles glow1ng and flaming fragments even from slowly
bu#nlng_zoofs.' ‘Athin coat of stablized clay on thg exterior reduces this
“&ﬁﬂwr con51derably and also helps’ td Drevent rapid ignition of similarly coated
i va vhere the: wlndrb@rne fragments settle.”, Periodic appllcatlon of the elay -
wash 18, necessary. A spray gun can. be used for the purpose L

- P A - L

L L Walls ._. - - - “ o
. & "The constriction of bamboo walls 13 sub;ect to 1nf1n1te,var1atlon,,
'1ldepeﬁﬁfﬁ§“on,the gtTength réaghired (for resistance to naturnl forces; S
such as hurrlc&nes and’ earthnuakes) ‘the protection desired| from rain _—

* and orﬂ:nary w1nd5, and the need for llght ‘and ventllatlon.

however,_when they are vertlcal and are more durable; for th w d;v - .
more qmlckly_after rain.“ 8! g o,

:;_.-',e- L

“y

" Bajareaue well . i

o . B 3

" férm of wall conBtructlon widely . favour d in Latid Americ

- is_called-betarédue. . It is made by-neiling or @ashirg bamboo

.o strips or_slend=r culms,,horlzontally and at close int rvals, to bot
... sides of hardWOLd or, more rarely, bamhoo posts.. The snane between

- the strips 4s £illed w1th mud alone or with mud - and sﬁoges /flgure XXy
" .During tgls ohelration.. the bamboo strins are more or ‘less completely
--.covered with madl bat  dn tlme they /mavf become eynosed by weathering.
. mhls form of coastructlon is relatlvely massive, though less 50 than
wal;s méde of c)nveqtlonal stone, rammed earth, or adobe brlcks /

: Ibid.;] p.ift. S : . .
—_ RS _51_ - .
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Whole bamboo " culms plaited on bamboo stakes farm the support
for 2 mud nlaster finish
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. Bamboo board wall . S EE _ , . } ' . S . I

e

: A common method.of waIl constiruction 1n Indonesia 19 by the/hse ef bamboo
“ ‘- board. These panels are placed vertically and lashed ar ﬁlnneﬂ’te horizontal
 round members which in turn are fitted to mortices made in the vertical bamboo ¥
iramlng voles of the structure To make it weathertight 1t is coverad with
closely plaited mattlng Outer walle are flnlshed vlth plastar on cne. or both
. sides. . : . . '

boards are stretched laterally -a@s they are fixed, they, Drov1de a suitshle hase for
plaster or stucco, -As further anchprage for stucco, barbed wire may be- nailed

"t0 ‘the  surface of the board. When vhitened with lime or painted with, cement,
tﬁ*e exterlor“is LTy attraetlve 'ﬁ,pla‘EEd bamboo'boa_a‘ls ‘aI5c gmploved for

' uﬂ'l:'lc in Tndenesia. B rman w.cvnvp is Hﬂn‘nfpr‘l if 'D'l.qq‘l*ﬂ‘r'ﬂ'na is to be amnlied.

Closer—WOVEn hoard mdy be whltewashed, Dlastered or tuated with asphalt and sand - o
sprinkled over. A flner—weave héglon is generalll¥ applied without vaint or .other RN
rid bemboo skln ' v -

'e:;_f;p;eh._ For external walle t 5 placed on the outside. .

g
. F . . .
1 .. o . 1

Wattle wall

-

. Bamboo ‘board walls are‘use&~1n Ecuador, India and other countries. If these,a' < |
S There are many > varlatlons in wettle vall coﬁstructlon. Some of these are ‘
known as ,wattle and daub, stud and mud, lath and plaster, and sprung- strip e -t
- construction {seg figure (XXVIIT) In Peru and Chile, the technique is knowvn as _ .
. qu1ncha. In a.l these constrﬁctlons, barhoo or reed lath is used as a bass ‘Tor
. the appllvetlon of & mud plaster-that is applied. to one or both sides. tixtures
of - <lay and organié fibre or. ¢lay and covdung are’ frequentlv used as the plaster. .
" .The plaster may be.mlxed with- lo lltIESfm of a 0. 5 pel. cent emulsion of Dleldrln as
antl—termlte protectlon. . ot . . . . v
. When larger full or half sectlone are used- for lath the interstices o T
dre first filled*with mud -and the plaster is applied after the nud has vartially
dried.. 090351onallv, the wall is firished by application of cement sand pléster
ehd lime wasgh. Horizontal-lath is plalted between main and supplementary posts
ariven into the ground. Vertlcal lath is planted betueen.horlzontal menmbers
fastened to the mainposts. Spaclng of, fram1ng members verles w1th the sneeles

- and’ dlameter qf the bamboo and . reed used

| . .
! - . R

Sy
1’"

..

Ma.t we.lle - S
A technlque used for lewecost heuslnm in’ Indone51a s the plastered bamboo o

- mat wéll Thrée types areigenerally used: (19 a thin bamboo mat is nailed on

‘both- sides’ of & braced timber frame, (2] a 51ngle thlcfness of bamtoo mat is

I[- -attached to the timber or bamboo frame: and (3) strlps are plaited horizontally N

" between vertically stretched viregs - The plaster is then applied to one or both

“sides {see figure X?IX) . The plaster used is cowdung," mud, sand, lime snd o
o @ortland,cement with or without. organlzkflbres., Bainboou and reed mats attached.

_'” ‘1o suitable framlng and not rlastered fe also ysed for 1light walls and partltlone

. (see figure X¥X). Such walls are also suepend’g from rafters .on verandahs as

nsetectlon agalnst sun, Ulnd and rain.” ’
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o - Fipure YAIY. _Experlment&l -structure with walls.of bairboc matting
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- Tigure' ¥XX,  Bamboo matting is fixed to wall frames with bamboo battens -
: and ‘given a coat ‘of coal tar for durability’ '
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Bolid wall

& simple wall, used in manv Asian countries,
of reed or lLumbed culw’ vlaced vertically side hy -
The wall is tihen made weatertight Ly atiaching closely woven nats on

- W
i R

M

Beed slab wall

Reed slabs are used as. panels for exterior and partitior walls and for

wall insulation. These nenels are treated as non-load-bearice. The Hrin]q are
" attached directly to frames using naiils, screws or J-hooks dnd washiers. The glabs .
are’ placed with the culms verticnl on horizontal surrorts snaced -at arout 1-1.% m :

centres. - Adjacent slals are butt JOlnted at thecentre of the Lorizontal rupiorts. S
!

. ! ' ‘Trusses
Bambioo trusses offer guod possitilities for roof framing of larrsr siruciures
_such as -schools, infirmaries, storage sheds and commercial wuildings. In addition,
mtruéges afe used for lizht brldges and in scaffeoldipng. Beecnuze of treir high
- gtre gtnfwelght ratio, b&ﬁhoo trusses offer impvortant advantapges for roof framing.
. They may be assembled on the ground and readily hoisted into place. There is little
in the literature describing the use of such trusses. _

B

W Oné notable exceﬁtion'is a series of tests-performed of bambtoo trusses_at the
- ‘Building Material Developnent Laboratery -in Indonesia. The stirmdcture tested was a T

- pamboo roof truss baving a span of 6. Q o and & height of 3.0 mi The bamboo . - .
~used (Gipgantochloa apus) had & tension’ strength of 1,060 to 2,300 kg/cmg, and
wds . about two years old. Phe truss was of the “Klnﬂpost t¥pe and the members. were . .

fastened using bamboo pins and "indjuk" rope with a 6.0 rm diameter and an ultlmate
teénsile stength of 1,000 kgfen2. The load was spplied at the three wuper joints .
. threugh 1,000-kg capacitv dyna-moneters. The load was applied ln two stages first
“up to ncmlnal loadlng and then to failure. .
o The conclusions reached by the experimenter on the .bagis of the tests were: .
(1) failure.was csaused by Yleldﬁng at the joints due to s lowr radial resistance
rather than tensile or compressive failure: (2} the deflections were considerably
greater than those based on theoretical calculatlons, (3) the location of nodes
%p joints greatly. increased -the strength of the truss; and (k) a safety factor .
.-,related to the ultimate load could not be considered because many defects developed
" in the members before ultimate load was reached.. The author recommends further -
study to increase the strength at joints.

-

N

S T R Doors_and Windows _ g

"MYindow and outside. door oﬁenings are ﬂenerailv kert to a minimum.
They may ‘be framed with wood or bamhoo. The doors themselves may be oL
#pood or they may be woved Bamhoo matting {see figure XXVIIK stretched on
‘s bambooc frame, a panel (of bamboo boards sét in a hardwood frame, ‘or a ., .
'Q_sturdy gatelike barrlen qonstructed of hamboo hars., Doors are side—hlnged LS
‘and fastenings vary from the tradltlonal latch—strlng to lock-and-chain.... !




Plaited bambod é]ﬁli_rité of supérior weave
-walling without plaster

L
: . v

Fi gure X¥XI.

-58—._' - : :




Figure XXXIT.

[ - v
Loors of bamboo metting w_over{ on a frame and
with bamboo splints . o
e EEEL . .

<. . :
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“stiffened
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”I; wwudow Openln .S Are 'rov1deu, they mny be fromed vith bamboo o
or wood. Host windows are left unglazed and unscreenzd. Closurs rmy be
orovided in the form of & bamboo Gr wooden frame covered with hamboc
matting or palm-leaf thateh., ‘indowz are usually hingsd at the ipo, o
when open - asg they are during most of the daylight hours - tiey Berve
: to exclude tue sun's direct ravs or light raintall. Ac dard toe houso - g:;
. ‘ i% clozed, to keep out the "night air”, gﬂnernl;v conci tered vnhealthfad. . L -

_ petually, the cloL“\t of houses at niﬂ;t is 1u€t1f1aole an other, mor:
realistic ground it prevents the ‘ehtrance of mocqultoes, rats, batd,
.and 5ther'unwelcome vigitors. Permanent wvindow bars of bemhoo, many of
them pa1nted black to slmulate iron bars, are flequently used.to frustrate
wovldabe trespagsers.” 9/ R - ) ' ‘

]

N - Pines and trouéhs P s R _,/{
i; * "The culmu of certain bambous, nrtn diaphrapms reﬁoved, serve ,/'1
'ﬁ admlrably “for' the fabrlcatlon of ﬁlDe ~and trougns. _ i

troughs. Where rainfall is light andiwater must he conserved,

used to collect ralnwgter from the roof and send it Into a barrel or
”'f<c1gtern for storage.' Where rainfall is heavy, thev are used ¥o' carry tue
water from, the roof to’ a distdnt moint, ln order to agoid/e&éessive dampness
‘around the house.’ .. o S L s

/ : : .
"“Longltudlnal halves of bamboo culms meke very SatiSfathri?;EEé _ -
A-arE”

. ] _ P
Mnder eertaln c1réhm stances wesh ‘water from £Q§/i'tch§. may be
disposed of tiirough  bamboo pipes or troughs. For tnlefgurposc a slpning .
_trough is ‘more practical than a pipe since it 15 ﬁére easily prepared %
and, if Cloggud may he ¢leared with greater f {jlity. : o

. 'LOngltudlnal helves of bamboo culms wx%h the dl&ThT&gﬂb removed
make-suitable tonduits for brlnglng water, for domestit.use from its o L N
source to tie house by gravity. In Japan, closed-pipe water sv,tems : :
are construdted of bamboo but it is very dlfflcult to make thv Jclntu
leakproof fsee figure XXXITL/. .~ , .
. o

“Underground ‘drainage uay ‘be eIfected L means of bamboo Dlp’s of ’
simple construct1on The steps in nxeparlng the bamboo for such use are
(1) halwing the cilms, {2) removing the diapyrdgms from one half to o
make the lower section of the dratin pine, (3) cutting notches in the _edze, OF
* “the other half to permit the free entrance of vater, (4) treati 2- ’ v
w0 heres with preservative (5~ to 10-percent. nentachlaroohen
'.'llght oil), {5) placing them together apaln in their original relatlon,
- end {6): blndlng them together with wire.”” Such dreine may be éxtended
£ to any length by placing the smaller tln end of one pipe into thelargen .

basal end of the succeedlug ono . . £
. 3 e - )

4

" have & diameter large enough tb give.the reauired carrV1ng eapac1ty,_
the walls should be th1c5 enough to- prevent coiﬂapse uirder use.” lOf

®

o be suited fof the uses just descrlbed the bamhoo culms should -
qdis—%

- .
f
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Figure XXXITT. A bamboo water pige in a Japanese garden
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.o Joints and' fasteners

Joints between bamhoo and reed mentbers are cruciél to tie assembly of

efficient framing {see figures X¥IV and XXXV). Joints betveen two horizontal

members are gen\rallv simrle; that is, one horizontal wember restis oun top of

another and the two members‘are thén lashed together. UWhers ths two 11orlzontal

members must be at the same level, a butt joint is used. The joint betveen a

vartical and & horizontal membet may be g saddl , hutt or seated 1nint. A saddle

joint occurs when a horiZontal member rests’on top of a vertichl member. The

top of thp vertical memboer is shaved to form a saddle- for the horizontal mémber,

and the™ two are lmshed together. In a butt joint, the end of the morizontal memver

is spaped o fit the vertical member. The two members e then be’ lashed tagether.

Sometimes tongue is left at the end of the ‘horizontal member which is wrapped-
_arcund the vertical member and back ‘onto the horizontal member. The tongue -

ie then lashed to the horizontal member from which it extended. Tor hcavy-duty
~ work, @.hardwood tendon <and kev holds the two mémbers together. Tre seated, '
donnexion uses either the stumpat a node or an’ 1nset'blOCﬂ to qupport the horlzontal
- member. Hoth the inset block and the horizontal member are lashed to:-ths vertlcal
member. Frequently, a small hele is @rilled in the pembéts to facilitate the N

Lashing. Where a -small-diafreter horlzoqtal meﬁher is framed with a large vertical
nember £ a hole iz drilled in the vertical member to pt tmit the horigontal member -
to pass-through. The joint may then be made rigid-with & hardwooa nin nassing
chroughfboth members and dL right angles to Lhe norlzontal member. to

‘@

-
+

e

: ,"~The w1thes used for lashlnﬂ are commonlv spl1t bamhoo.
twlsted strins dver 1 om wide and’ 60 100 cm long. Where the. available bamboo
is unsultable tough wines, rattan, hafk coir rope and galvanized iron wire.

are used. The lashing frequently outlasts the frame (see figures YYXVI to HL) .

The withes are thin

o,
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Vermimsproofing bamboo construction: - -
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. Concrete vith tarmboo.« ~§.r¢ed_reinfq£giqgll'

In places gznd times of stesl . acarcity, bambob hrs been considered as a
reinforcement for concrete. It has certain cbvious advantases such as hi-h
ten51le strensth, high strength/weight ratio, ready availability =227 low cost,
1t ‘has been used as coficrete reinforcement in Japan, China qnd the Prilirsipes »
Investlgatlons carried out in several countries hﬂve shown thnt Lacboo rein \rc~nent
in conerete increases the ultimate 1oad coapacity of the membor considernbly atoovs

~that' to be expected from an- unreinforced member. However, there are a nurbtar

of nractical limitations involived in the use of bamboo as concrete reinforces-n

The evneilmental work in this fiesld is summarlzed ns fllows. CToncrete
flexural members reinforced with barhoo shov cracking at loads materially in
excess of those.to be expected from an unreinforced member Lavine the same

'dlmen31ons. Bamboo reinforcement does increasé'the lond cavacity foflr-five
_'tlmes at en optimum percentege of reinforcement of 3-U yer cont o6f the

cross-section. Above this optimum there is no incresse in load cqndc1ty (see
figure ¥LI}. The unit stress in longitudimnal -bamboo relnfprcement in concrete
members decreasey with increasing percentaces of reinforcehent, 1%@ Ultimete .
tensilé stress of a bamboo-reinforced Leam was dependert on thp amount of bamboo
and was not affected by changes in the cross-sectional greas of a bhadn for a given
Lregdth/derth ~atio. viembers with the optimun percentaze of . bamboo reinfdrcement
could produce tensile stresses in the bamboc from 560 to TOO kgfem®. Tncre351ng

‘the strensth of the concrete increases the losd capacities of the concrete members

reinforced with bamboo. ' The ultimate-load-béaring capacity was ingreesed by
usins diagonal tension reinfotrcement, eBpecially vhere vertichl shear was high.
However, it was not always possible to provide diasonal temsion reinforcement
in sufficient amounts in beams. Capacity coulld be increased further by “emlin up
the upper rows of the split bembeo from the bottom~of the member. -
o

.Split bamboo showed better. load capacity thgn did vhole culms.-'ﬁethnda
adopted to increase the hond strensth between bamboo and concrete. which is ore of
the major limitations of bamboo as a reinforcing paterial, appréciably contributed
towvards .the maximum load canacityl Other factors-chserved to influence strensth
vere seesoninz effects, size of” the bamboo spllnts, and care tdken in p1a01nﬂ
and anchoring the reinforcement. | S _ e .

- Design of a "tee” section did-not show any advantare over wectangular sections,

as long as.the breadth of the stém of the "tee" section was equal to. thpt af the -
rectangular sectlon and the effect:ve depth of both Jras the shme

II/ The experlmental data 1ncluded in this sectlon are bhsed in large part
on H.BE. Glenn, ~ “Bamboo reinforcement of portland cement concrete structures”
Clemson College Engineering Experlment»Statlon Bulletin 4 L (Clemson, South
“Carolina, 1950). . :

LYt
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Y ABEA OF LONGITUDINAL BAMBOO = REINFORCEMENT * ./

1

\-F‘ig"ur‘e XLI. Load at failufe versus the percentage of hamboo oo e
VT " reinforcement {Glenn) ' ' ' P ‘
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' _Pollo”~‘\a fairly strad

send.sliphace after the first cracx. . THis wag

'also,reduée@. The load canacity was h**her with beth integral and mechanl;al

Tensile strenggﬂ

“about the same ag that of wild sgeel at its yield point. On an average, it varies

' This -low elasticity v

'help in increasing thelmoment of inertia (1) of & bamboo-reinforced sectlon o

“H“‘"*x_________ S

«w%e Yeflecticns and wide craels IQL c‘areH in hamboo- m:lrﬂ“i_lrce'q cotinrete
wanbers *tforb ultimate failure oceurred. The deflection af beams when tested
sht line relatidn  until the first crack anvearad in the
i Thers was u FlatteninsT of the ueflac3ion curve rrobaiply due to local
Mirther folloved Ty enother fairly

S "th:

& stralﬂht llne until faiiurs
1 X ’ .
Usinelwhole bamﬁoo culms of disrmeter up to 3.7 cm, it was found that with -
intesral sﬁﬁar cormectors there wvas no slivfase of bamboo, and the load-deflection
curve remaihed linear up to failure {see firsure XLII). The total deflection was
ccnnectors , ithe former beins wrore PffeCt‘"E_ The. method is, hovever, likely
to find sucld use because ofvthe difficulties of stabilizing and protécting the
bamboo and the lafour invilved in vwrenzrins the {ntemral conngctors.
. . ‘.ll: . ) .' ) 3 . N ) .
These' results show thst the raxinsom load that o bambou-reinforeed poncrete
merbar will w thstand deponds on the tensile strensth of the bamboo, the
conmressive stwenﬂtn of tho concrete, the efTectiveness of the dizronal tension
reinforcement,’and, most- importint, on thie bond betveen concrete apd lon-itulinal
uﬂmboo re1nf0rﬁnnnnf

i T . . . .

P }

The ultimatk tensile strengzth of some species of bamboo in direct tension is

from 1,400 ko/em™ to 2,800 kﬂ/cm .- Tt was this hish vdlue which attracted the =
attentlon of inve tlpators ‘for the ugze of bamboo as reinforcement fob concrete.
However, as already indiceted, the results of their investications showed that in-
practice it is not w0551U&6 to make use of the commlete tensile strensth of hamboo
when it is embeid*d in gpncrete as reinforcement. Poor bond strensth,betveen
bamboo and concretn .and the lov nodulus of elﬂstlclty of bamboo are the two m&lﬂ

bamboo as a ten51le relnforcemeht in conlrete nenbers .

“The modulus-ofielasticity_of bamboc 1is slightly higher in direct tépsion 5
than 1p flexuge and Eompression‘ This value rances from 1-5 x 10° kg/em” to -
2z : 107 hﬂ/cm ,. whie aiS'alnost.%hé same as for 1:2:4 cement concrete. It suggests

that bamboo as re1nf cement in <oncrete does not contribute anything to reducing
the leflectlon or preventing cracks at loads - near the ultimate failure figure

for a menber in whichino bamboo is only about one tventieth 01 that of mild steel,
ue of banboo decreasesacorre$uond1n"1y the value for
modular ratio (m] of conerete and bamboo so that bhambos reinforcement does no®

that of an unrelnforce one. This means that bamboo reinforcement, unlike steel
nlll*not contribute fo jreducing the deflection when used as a reinforcement.

Tnerefore the span/denth ratio should be such that the totql sect1on will talce
care of ‘the deflgctyon \

[}

.

g in  the méhber before ultlmate ﬂdllﬁre are large

DL Reasons for craqkl
deflections, bond slippa
dlflerentlal thermal exp
be concluded that effect
pf bambod as reinforcing

e, Shrlnkafe and.swelling of the bamboo and also : E
nsion betwgen bambos and concrete. Fron these 1t may - '

ve methods ﬁust be develoved to overcome the llmltatlon,
materlal s Lo .- ‘ - »
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_'bond stress than these without, because of the uneven surface of the former, »

L

P

. Compressive strendth i

2 = . e
i

" The load caprccity of bamboo relnforced beams increased with increasing =«
strength of the concrete for a given section. The average Hltlmate fGirect _
compressive strength of bamboo varieg from Loo to, T0O kgfem™. The corresrondlng
value of 1:2:h concrete is 158 kefemS. The effect of bamboo as a compressive
reinforcement does not seem to have been studied. The use -of bamboo in. doubly

reinforced concrete member's may result in increasing the load capzcity.

D

Diagonal tension.reinforcement

T

Studies have bein- made of the effect on.diagonal tension of using bamboo
dewels sraced verfically. and also of bending the tpper rows of longitudinal

ey 1 JE— Beth 4 o 3 H 3 1 -
reinfcorcement. Both increased the load ¢apacity and the combination preved better

But even after providing the above type of diaponal reinforcewent, ultimaté failure

occurred pwing to diamonal ten51on stresses. More effective ways of reinforeing
this zone of the member must be developed This can probably be achiéved by u&lnp
steel stirrups.  Bamboo cun be more effectively used in slabs than in bsﬂms
because shear Fallure gen:rally does not occur id slabs.

Bond - S G wL A

An important dlsadvantave of bamboo as.reinforcement is 1t9 tendency i
already seasoned, to absorb a large amount of water present.'in the wet concréte,
resulting in initial swelling and subsequent shrinkage ss the conarete dries out.
This phenomenon results in the development of lorgitudinal cr&cks in the’ concrete,
which lower the lecad wapacity of the members, and in poor Bond ﬂ@rmutlon between

,concrete and -the reinforcement. The cracks are more where the percentape of bamboo'

reinforcement is hirh. Green ‘bamboo used as reinforcement also shrinks as the
concrete dr1esnout and the bond strength 13 ooor, - S LR

A remedlal measure adopted tc dvercome the hiph water absorptlon ‘and swelllnﬂ
of bamboo embedded in concrete was the application of & water—rehelient coating.
Seasoned bamboo splints treated with one brush coat of asphalt emulsion or coal
tar rave nore bopd stress than. 414 seasonkd untreated and unseasoned ones.

Concrete relnforced with % eéﬁed bambooqdeveloped greater load ‘capacities than {that
reinforced with’ untreateﬁ bamboo \Excess of asphelt on the surface of the bamboo
splints is, however, harmful' it lowers the bond between the concrete and the
bamboo.  Poor adheslon oﬁ bamboo .to concrete may be overcome by coating the air- dry
bamboo strips with whlte lead jin varnish. Three coats of a 40 pen cent solut10n
of rosin in, alcchol .and a suhsequent eoat of whité lead also prevented’ water
absorption but’ the coat;ngs wete disturbed while the concrete vas bEIHF rodded

and cracks developed in, tHe- ‘donorete. A mixture of 80/100-grade bitumen and
kerosene in the ratiozd:l by we1qht may be used for the same purpose.’ : ‘SBoaking

the bamhoo in a ED 50 m:xturb of* llnseed 0il and turpentlne Por four days is also
reported to be sk flsf&ctory :

) E‘ B
«Bond st ess between wntreated bamboo and concrete has been found to ran#exfrom

. Zera to 13 kﬂfvm .~ About 50 per cent increase in bond stress may be qbta1n=d by -

,reatlng ‘bambpo wath coal tap/asphalt emulsion. Bond stress values range from -
i to‘2ﬂ kg/em® for treated bamboo. Bamboo specimens with node developéd, higher-

i

’ 'l. N v i - N ’ ’:','—Tu— ‘ : ) .
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Design and censtruction princ¢iples =~ . L . K .

a s

. The same prlﬁtlples as those used for, the de51gn of structural cbncrete
memﬁers reinforced with conventional steeg are adopted for the desiern of conerete
members reinforced with bamboo, The percentage of reinforecement used should be
- in the optimum ranse. Selection, seasoning, prenaratlon and treatment should be
carefully cerried out. Mature bamboo, often- qharacterlzed by the brown colour
. wof the culm in the clump, should be selected.  Unseksoned material should not be-

sused, especially in- flexlre. Unseasoned bambdg is renorted to be satizfadtory
in concrete which will not dry-out, as for example, in water tanks. Split bamboo
. shows better 1dad capacity than do whole culms. The size of the splints is

" important. Width greater than 2.0 cm may lead to horizontal cracks. bacause of
swelling. -Whole culms when used should also be of a diameter less than 2 cm, . .
Proper spacing of bamboo is important. Testis indicate that when the raim i
longitudiral bdmboo reinforcement 15 spaced Loo closely, the flexural strensth
maxlmum size of the agrregate + 0.75 cm, or the width of the brmboo )

Spllnts F+ 0.75 cm, vhichever is the’~reater. In placing bamboo relnporceq:nt
care shkould be taken to alternafe the basdl and tip ends of the bamboo culms
in all rows: This will ensure a felrly unlform sectlon of reinforcement throunhout
. the length of the membe? : ;

£ '

. . 1
L . e B - -

B

Egrmissible stTresses , : -
Since the actusl stress developed in bamboo when it ié-usgd as reinforcement
-is -far less than in direct tension tests, nermissiblé‘stresses should be based
on the actual test results obtained on bamboo-reinforced members., Based on the
~ observed tengjile stresses in bamboo: in-concrete, a safe tensile stress-of
350-420 kg/cm. may be used in desio,. Hofrever, *desipn values not in excess of.
210-280 kg/em” should usually be used if the deflection of the membér 1s be
iept ynder 1/360 of the span lepgth. Dermlsslb%e hond stress of 3.5 kr/en” has -
Jbeen recommended for bamboo compared to 6 kg{cm fos nuld steel in 1:2:k concrete.

o Beﬁhviour offbaﬁboo—reinfbrced strﬁ&tﬁfﬁs_l

.

T A numbér of exper;mental concrete ﬁtructules, rncludlnrr farm re51deHCcs have
: been.consﬁructad'wlthp amboo as relntorc1ng maturlal The condition of these

,fnoﬁ-SatISfactory eﬁto five years after-constructlon. ThP maJorlty of the
: sbructural memhers, such as. beams, girders and slabs, geveloped cracks within

two weegks to twe months after constructian. ‘Fresh cracks generally did not
devélop after the first six months. Sﬁhef f these cracks did not affect the
safety qf the structurd, hut'some of them Were Berious and grew larger and larzer
until they 1mpa1red the safety of the structure. These craclis may have been due ”
.to improper placing of relnforcemeﬁ%s ‘and other factors. Some cracks were the_
‘result of the use of unseasoned bamboo. ~ Roof, slabs were safe in most cases. -
'"Supportlng beans, and glrders shaved cracks in general Small cracks in some
roof slabs were not structurally &fjectionable but showed leakagme, and
. vaterproofing had- to be epplied later.,_Deflectlons in beems and slabs were veﬂf
.small even -where crachs had appeared. Pre-cast units used for’ 1nter10r walls

:'wére very -satisfactory. = . . L
+ r . - . . ¥ i X

of the member is adversely affected. Minimum snac1np should not be less than the v

8




. . " Bamboo reinforcement- had 2 tendenqy to move towards the tor of the masgs 6f
. . . .concrete. In order to &%oid this defect it may Ye'tied to insert blocks by
: : meang of galvenized iren wlxea.' 4 3.6-m roof slab using seasoned,treated bambhoo
] was constructed with integral shear connectors as enbedded reln-orcement {see

- .'_ fisgure XLIII) The slab develoned cra@ks but was otherwise sound =. the end of
. eight yesrs. An eyﬂelLﬂent&‘ _housg was "constructed in Indonesiz havire walls and
" roafs of volcanic pozzolana llFe con;rete Teinforced with bitumen-c¢oated barmboo )
‘strzps. Rfter six yegrs, the flat roof suddenly developed danrerous craclks ow1rg o
ta: the deterioretlon qf the. Dambbo )
,' ) / ,'c - . _;I‘ -

Beams and slabs af = roop b.Z2 m x 3. 0 constructed in. Manila using
'Bambusa blumeana splints as reluforrerent were.in Food condition at. ﬁledangsét.ﬂ«*
saven yuars Bamboosahout, six vears old haed bheen selected, eeasﬂned socut dhﬁ
shapedf and ' the spllntg'coater ~rith  dsphalt emulsien beforé they were embedded..
.in the conexete.ﬂ' L1 the Philipnines, barhoo is recommended as reinforcement for
small building structure.,,"otklnc tahles in kitchens .and murkets, cover for
septic tanks, shielves, nipes nd hellow block construetion. for walls and partitions
-+in small buildings.. - ' e . '

.
+

R . .
pte a . . ¥

Thls ‘sums up the present position with rESﬂect to the use of bambeo as a - e
re1nf0rcement for Ponerete

. LT u»
- - W o . . T
Phragmites=gmamineae veed culims were traditibnally used in Iraq as a 5
réinforcement for- lime mortar in lintels and erches before reinforced concrete Lo
was Trifroduced, Reeds embedded in zypsum mortar have been found to be 1n .
perfect eond1t10n when expnined L0 yesrs later. e "
‘Spllt reeﬂs are eoneldered as most suitable for re1nforc1nn concrete.
Adhesion is thus improved by edsuring contact on all sides. The danser of rotting
) also reduced &y ellmlnatlnP entrapned aiy and water in the hollovs of the reed
. s bR
Drv reeds soaked for two to three hours in water teo wet the surfaCe withomt sy

s¢ausing wmuch swelll—g are considered best for reinforcement. Subsequent swelling.

‘of the reeds is not cousidercd likely to cause crackimg of Gthe- conéfbte'ﬁ%cause

Of the small d;menslons, hirh transverse compressibility and low coeffitient of:
glasticity of the reeds. Tests on joists, ‘slabs and cubed reigfi ,_,d wlth reewai»s"’*{‘“"r
showed that the miximum lecad was decided by failure ‘of adhe51an Fobn conqrete_‘ e
wand reeds. Vlbrat;ng ‘the concrete improved- adhesion. Strong leldlng walls at e T
the nodes. of .reeds. Increased the bond with concrete thersby -jwogeasing the =
load~carrying capacity of the slabs. Methods to improve adhes;on further must 9t111~
be devéloped. R

Y AL A e R . o . .

. ) o . . . \ . .

Larthquake re51stant eoqgtructlon

Earthquake fo#tes that & bulldlng has to w1thstand are pronortional to 1ts
weight dnd are predomlnantly horizoatal. The heavier a building, the more likely
it is to. get damaged during an earthquake Ll"htWEl”ht material such as bamboo
" and reeds; with,a hizh strength/welght ratio, are thereiore Ireferred in regions

"where earthquakes oceurs - ¢

‘\




Figure XLIII.

Banboo .culm’ re:.nforcement w:l_th intezral - shear
connectors in no'a:.tlon for concreting., Steel
has, been prcw1ded &s negative r'e:.l'lforcement
at suppeTES P .




) - Exy er1e00e in diiferent SElamld renions of the workd hes swwm that o holle
“puilt of bamboc, properly lsshed fogether, is earthauske rosistant, Tn this
resvect barpoo 13 somevhat sunériosr to tlm ar, It has the camscity to «hsorb
rore enefry-and shows larae deflection-before Sailuras oecurs. A barboes frame
structure thercfore yisldis readily to the vibroticns anl contortions of the
earth during an4éarthquake end does not readily ceollarse.’ Even 17 suen a rishan
were tp occur, lbss .of life and properiy is not lars beecause it is o lizktweight
structure,

The use gf bamboo as a specific earthquake material has nat Leen developed
in comparison to tlmber, steel and concrete. Hevertheless,the principles
- applicable to s timber structure could, be aprlied to Larmboo structures also.
T bambeoo frame structure construction details should be adonted at the joints
oT the framing members and wall panels so thdt tihe structure az 2 wvhole hehaves
as ohe unit aszaihst earthquake fTorces. Experience in India surgests that a closed
frame cpnstruction should be adopted with herigzontal connectirg members for the
columns at foundatidn level. Walls and partitions should bHe rrovided with diascnal
braces and anchered properly to the vertical and horizontal struts. *Observatiors
or the behaviour of framed structures during earthiquakes in Assam have led to the
conclusion, that. the suﬂersgructqre shouid rzst on a foundation of masonry. Small
“ope~-storey buildines (50 n)-may rest on fir: rround. Heowever, in larver bpildings,
the  posts should be attached to foundations by means of pins or straps, bolts end
nuts. -

-

-

"e' Bamboe board, matting and plastered matting walls and reed slab walls, being
lizht and flexitle, are suitable for seismic arens. Exrerience in Colombia has
showr! that the bajarague wall construction, which is more massive than wattle
angl. daub but less massive than rammed eerth or .adobe IS earthquake resistamt.

LOad»bearln" adobe aﬁd heavy mued valls, which fail under Pelqt]vely sllpht
tensile or bending rorce, gre the first to fall durin~ a seismic vibration. It
is recommended that's baﬁbgo lattice sho ld be used 1n mid walls to streﬁﬁthen them,

v 2

. Brick masonry ualls also have T0OoTr Tres Istahqg to earthqua?a shocks eﬂrec1ally
« when a weak mortar such as wud is Used. In sneient: -Babylonia and Ur, reeds
. ghibedded in asphalt appear to have been used as horizontal reinforcement imbrick
"walls., Vertical steel reinforcement is uow specified for brick masonry- walls at
corners and Junctﬂons. Vertical steel st door jambs and = llntel bénd are also
recomnended. The use of bamboo-splints or resds in place of steel in these
. places should prove'beneficialy esnec1aliy ‘in 51nple—storey houses.

A false celllnp should be tied rlwlﬁly to the. roof Plaster on the ceiling
should be avoided or kept to a minimum thickness. LicHt roofinw materials are
advantageous in reduc1gp the inertia force at the top 61 a bu?lding. Bambooltile,
bamboo shinnle and thatch are satlsfactorp roof CDVETIHFS 'in this= re%nect

B 3
.‘ . E el

. Recommendations for further research N ' :

-
o

Ihproved ﬁreservaﬁive treatment fof inseqts, rot and fire

_ By far the most preszing need is redearch to 1mnrow§ the reélstance of'bamboo
and reedg_to insects, rot and fire. The triatment should, be simple and E?OHOﬂlC&l

- . . B Ll

-
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when used on a rels t*\elv Jma‘l seale, A treatment effdetive with EVErY SToCles
of bavbod ‘and reed would be preferable to 2 different treatment for.each Bpetios.
& single treatment with modifications for different sreciced woul:l he an dgecepfahle
compromise. A sinzle-stepdrestsepd—fer—itreer T TOT ITA Tire veuld e best  dut
4 continuous process ol several steps would be accentable.. The freatment should
taFe ss little time as mozsible but an weconomical), effective treetrent of arny
duration would be a grest improvement. The aim of the treafmert srounld be to
increase the durabilitvy of . bamboo and reeds to 20 yeoars, and to rrovide a material

" that does not suprart its own combustion. : i .

Architect desimmed model houses _ . o . o .
o, ; o . .

- There is a great need for new designsg in facade, layout and mecharical
equlpment of bamboo and reed housine. Houses usineg these desirns s-ould he built
“id rural areas where they can serve a3 models for villaserc. The nev desirps could
be smonsored by regional housimg authorities or even arehbitects' sssociations. The

= desinn oft such a house would prove a rreat challenge to an architeet with a

' 'knowledge of functional desirn and an awareness of the notential of barmboo and -
reed’ as building materiwl. The-wnew designs should specify verwin-nroof, well- .
ventilated, waterpaoof, and earthqueke-resistant construction, :

; : . 1
~ ) L8
Selectidh of species for cuitivation

e

Just az -different species of lumber have widely variahle characteristics,
~different spgeies of mboo and reeds have wide variability in echoracteristics
o such as durability., strength and splitting. "Research is needed to sclect species
' for cultivation that w1ll be used in buildinz construction. Perhaps new species
cain be found or develeped which will ronblne high 5tren~th lov susceptihility +o,
- inseets, fbt and flre, and hisgh r951stance to Spllttlnﬁ that will nevmlt the use
“of nalls, ' : o . B . "

: L
% =

Imprbvad-methods*ofifasteninz

'\_.

A Fastener thaymwould be more permanent , simpler to install, and mdke for a
more rigid joint is heeded S Of course, such a fadtener must be economical and.

511y nanufactured,” The use of modern epoxy zlues should be invesgigated, Metaﬂ

rlng and plate connectors have proved their !orth in timber constructlon aollcw'z )

. plastic T and L fTasteners usink wedaes\nay‘be the answer. Perhaps SD901ally . : .

developed screws and bolts yith rounded toothed washers will prove most efficient: -

™ : S it o .

. Bamboo and reed particle board . - R

A eheap and étronﬂ'barticle‘beafd us'i'n'r baqL o and reeds would be usefulgkor
-.sheathipg. and: forminz. Such a particle ‘board should have pronertles and e -
‘characteristics similar to plvwood Such 2 board would flna a use in bothjbameq

and reinforced concrete construction,’

&\_/H
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_emstern hemisphere, and Guodua mad Chusguey. in the. w;sturn'h;misphuku. But th¥s

. in so far ds they are available. :

1. Arundinéria alpina: Alpinc Bamboo, Bambu Aipina (Italian).

4,  Arundinaria felcnta: Himalayan Barboo, Ringal, Nireal, Niral, Jagre, Terri, St

7 Arundinarie ﬁrlfflthlaqg Khnﬂn (l{hasn.")"U-Spq ) : }v

Ca S R a o

DISTRIBU ! OF STPCTES OF 3AMBCOS 29D R“EDC o
T ARED N BUTLDIN(" COTSTRUCTION
ﬁs for »s we know, rost of the bamboos of srectest uscfulness and rreatust .
versa trllty for buildins econstruction corc fron = fiw T™ups of rcelated soceies, N
cullud_;;nurn " These sgenera nre frundinnria, Bor rtusza, Cenhalestachyun, i
; Dendrocslamus , Gin:ntochloa, Holoennn, “hvllostachys and Schizostrehvum in the

is not tp sgy thet: nll of the most uscful svocils are foun? in these rencre.
| v o
For ‘the purposk of those who wish to £ind ~nd. kLLp track of thé bust bamboos T
in any Fqun locality, the vornacular names vill serve hetter than the ‘Letin. ' !
Latln names , however, arc Hunurqlly mory us<ful in Eprr letins infokmstion found
in the literature, In this znuex, which sets forth some of the most usoful speeies
with their®locations, sizes and uses, both Letin end vern.cular nomes Arc Tiven

’ : : - . - TR
P : . s = [

- A ' Eznboos

Africa; Kenya, Sudan, U"anda Zaire: 8,000-10,000 ft. hﬁundgnt'in

l;rﬂe stands. d . . _
Culms: 60-ft by b in, comnonly hS—SOﬂft by 2 1/2 in; rether thin-walled.

Use:. General, e .

2. - Arundinaris callosa: Uskonr, Uspsr, Spa (Khasia). :
Indis: E. Himalayas and Khﬂsi; Hills, Agsar- to 6,500 7%,
Culms: 12-20 ft by 1/2-1 in.- ‘5‘ ' " o o .
Use: Tying thetch. U ' . I

, SRR - ) S
3. Arundlnarla elegsns: Jilli (N&F I, ' : " i
E India: ;Nega Rills; 5,000-7,500 ft. - T
"% Culms:. -12-20."ft by 1/3-4/5 in. : .
Use: Wal;s of huts‘ . R ) S ' '

7 fl

Garri, Gorwn, Spikso, Wineelc, Kewi, Tham, Uthom, Kutino. . »
Indizn: V. Himaloyes. ' - Lo T Lo

- Culms: 15-20 £t by 1/2-3/k in. . N
Use: Uinine for roofs of-houses. ’ ’ ' ’

Indiz: . E. lliimalayas, Khasia and Jaintia Hills, Assam tq h 500 ft.
. Culms: 12-20 fit by 1-1/2 in.

‘Use: Tying thateh of housszs,

Py
5
- ELIN

o . .

=Bl




6. Arundinaria intcracdiz: Migela (Nepal),slnrmiok (Lepeha), Titi Tarnls,
Pron; Haok. :
India and Nepal® E. Himaluyﬂs to 7,700 ft.
Culms: 0-12 Tt by 2/5-1/2 in,

Use: HMattine to cover walls and partitions. : ) -k
5¥} Arundinaria‘kha§ienat Hamlens, U-Xadoc Hamlon- ' . ' ®
India: Khesin Hills, 5, OOO €,000 Tt- often cultiv-ted.
. Culms: “10.£12 £t by 1/2 in. ;
e : Use® = Wattle and énub walls of housos, 7

§. Arundinsriz maonii: Bonens (Fhasin}.
: CIndia: Jeintia Fills, sfssome to 3,000 1%,
Culms: to 30 ft by 1/3 in. ,
Use: Withes for bindins fremcs of houses

9. Arundinarie preipii:  Covva, Keve, Sampit {(ama).
T _India: Khreia, Jointia ond Yees Hills, to 2.500 ft.
C Culms: Sl;ndgr : .
Us¢: | Leth for walls of hous.s. ) . "

10.  Arundinaris racemose: Malin-c (Yepel), Thywn, Miknu., ¥heem, Thions, “ithiu,
Yepal and ‘Indin (Sikkin);. 6,000-12,000 ft. .

‘Culms: $-15 ft by 7/10-1 'in.

Uscs: Roof construction and mottin- {or hous.a. : .

PR

11.- Arundinaria soathiflora: Ringal, Geru, Dvo Hinerl.
India: W, M. Hlmalavas, T DR0-9 D00 't
Culms: 25 30 ft by 17 1/7" in. .
Uses: House constructlon, pipe SVstuP“ ¢
_____ ——E ]
“12! pruidinaria vichtiana: Chevari. : : _
: Indin: - Southern ond western parts; wspecially sbundont oo the Hil-iris.
Culms: 10-15 ft by 1 in. :
“Use:  Mattipe. . . i

!

e

13. Bambusa arundinaces: Thorny Bemboc. Borua, Ratn, ¥ote {Assem}, Ilv,
Mulu (Malay), Bans, Behor Bans ~ (Ben J“ll) talkos,. Vedru (T 1u“u) -
Mundeay (Bombay), Bembu duri, Bambu oriduri (Indoncsia), Fhal r‘ah Siamuse).
Indie: : Pemtropic in cultivation. : . R
Culms: -25-30 m by 15-20 em; thick-wall.d; commonly rather crooked;. only
" moders tely st*cn“ and durable to very d*xﬂ*“: lower branches very -
_ thor&y . . 3 : R
Use: - General: - - ’ '

.- .. ey '

"1k, Babusa balcoon: Dalku Dans (Bcﬁ*eli), Baluka (Assam), Boro-bans, il Barud,

>, Teli Barua, Yamnah, Beru, Botwa, . . . A , o,
i India: Assam, lowcr Dengal and Blhar. ) _ ' ]
. ~ . Culms: 50-70 ft by 3-6 in.. _ o : h
) Use: QGenerals very suitablc for bulldlnr and scaffoldinr.
B i 32 -
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15; Banbusa blumcgpa: Buloh Turi {Maley)), iz (Somans) p*Bamou® Durd, Zoabu
Y ’ " fesipr,; Pring Ori, . G2 sin;'(Jdﬁa),‘Héur Chiuchul (Budan), "h=i Sis.: .
Y. (Siamcse), Weuhyon-tin®ky Soviny Bamboo {rI}. i : _
Malay=, Jova, humatruJ EOrnzo, Indip =nd “hlllnnln:q {e:ltiwct . d)
Culms: 30-00 Tt by & A oine thlck alledy, internode lu—gh in,
‘ " oUswe: Guperel. | .
16. ﬁ'”busﬂ dollchoclnﬁa Chaﬁ Cnlh Chu- (PhlanLJ . *
' Triwon (cultiveted): ‘ L _
¢ Culms: [ (-20 m by J-Lwlli) ore . . ‘
Uge General. LT o T .
e SO SR
. 1T “ﬂ1bUS9 hhu51 oo Gerim, Tyroh (Khasia)., - Do
) “Tndia: ® “hasin and Jintin Hills. ssm and Menipur, to L,00d
. Culus: " 30-40° £t by 1-1°2/5 in. " . -
- : Use: ugngrﬂ¢. e . - .
- R TR fule (Chines.)

Mol ™ B boo. #ilver Len? Bagboo.

. L
*Bambuz s ymaltiplex:
PVCELON,

B E
L Mai-lien: (Slamisc). . _
R ' . China:" Kyanstuns: to 1,060 ft: now virtuslly pertropic fn cult
e - pulms: Tew30 £t by 1 in; inturnedgs lons, thin-welled frosistent to
R hlﬂOdu;LJ} the powd:r rost boctle. " ‘ .
o Uses: She@thlr* for rnofg, wattle and dpub wall ecnsg ructhn (Jarmaica)
»19, Bambusa nutana: PlChlL, _1dhu11, }"l Dens, ka1~l1 Hﬁk , ohlu, ”1hl '
C Tnoshi-din~-ying, Jotia, Do-ba ens, ‘immalont-, Scriac=jai. .
. " . Indio:. Sub-ilimalumyan troet fror ‘the Jumne to fissam and SlkP1m to ’ +
_ e 5,000 ft,
oot Culmst 104 15 # by 4-3 em; fairly thlck~wﬂllLd intornodes 35-h5 ey '
Lo wapd stronr; :tr“l *ht , h 1B ruch -stt\whﬂ < - i
Use; (Lngrﬂl. . . . i P , ’
20, B'unbus:a pallidgq: Thoi Son-kham, if~i-Thiu (Siemes.). S : )
.India, Theiland. . ' . ’ . o
Culms: . l2- l&.m by 5-0 em: thick-walled. ’
. AN \

"Use: uenerﬁl .
H.tua {Assam), Jamsa Batun

Kyathaunpa (Bufmusé)

i 21, BQMQusa:DdlYmOIDhﬁ
i« . " (Benrall), Mai-Salon (Siamesc). fooe
]‘.- India, Fast Pakistan; Burme and Thall:md to 3,500 ft.
' _ - Culms: S50-80 ft by 3-6 in. . Cot
Uses: F&naral con51dered one u; thu best barboos for wallss floors ‘and .
N S roofa of houses. ) _
R : X Tzu Chu (ChlnuSL) :
J

.22." Dambusa stenostachVa'
) " Toiwan:. Cultivatad. _
Culms: . 5=2h @ by 5-15 em’

'f Use. Gneral. -
. ? . i

.. ' .
" 23, Ba%husa Yoxtilis: Wony Chuk, Mit Chuk (Chinese).

S © .t (Chine: South—Lbbtern provinces.
To 40 -t by 2 in; interrodes loncsish; weod rather thin,

- Culms :
oo Usgs: Withes for blndln house frgmLB nattins for walls,
t

- - : | | | | | |
R i
|
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4.2&. .Bdmbuéa tulda: Tuldd, Jowse, Djowe Bens, Mok, Ulakor, Hiranti, tetelD, ¥Wati,

. E amuna, -1, Nelbans, Deo-beng, ijuli, Juti, Jaro', Ghora, Thoiwa, Thaike o,
s . Thai Bon~ (Siamcsc). - . .
.f Inula, Eagt [ okistan, Burns “P“ T 111nd most -cormen’ bambon of the rico
country . . . . .
“Culms: 20-TO Tt by. 2.4 in. . _ i}
R : Uses: Genvral, roofins.. sceffoldin-, mntting te.
2%., Bagbusa tuldoid.s: uutin -bol:a;;ﬁboo, Cr.mno-ke Thud, Yau-chul (Chinesc). .
. China, 'lnlayn, Brazil and E1 aalvcdor. ' . o T '
Culmsx: ~ to 55 ft by 2 in, : B ’ ..
. . . . _ .
W 26. Qjmbusg vuf}quc‘ Common B:mboé, Barbu {EpanisH Fearican) ., R Jdah ! 'WV“V,haur
L . Tutal, B. Gadip -, sur Gadin °, Pau, Fo-o, ook (Halay),ruadanh Ampol,
- : J Gadln" Fring Anvel, . Lesi, P, Tutal (Java), Awi wwel, . Gadin-,

T4 Heur, A. Konunr, “A. Tutal (Sudan) ., cuwe Gadicars, A, Hunien't,
B. Kurlnu—kurlﬁf -Jumatr:}, Thei Louns {Siomaze), Kauayon-Kiline

{Thilippince). . . :
“ roptropic in cultlvqtﬁon in two colour forms of cudm:s plein pricn and
X ’ green-strived yellow, . . :

Culms; 20-79. ft by 2~k in: ?hnprnoius 813 in; wood roderately thick
and stronm; susce ptible to 1n"a51oﬂ bV’DlnCd““h%q he powdir st

L . beetle. - - _ o . : o ‘.
i . .. 7 Use: General, : S ' . ' .
) . . - t - .!\ L
27. Cephalostachwum permracile: Tinve (Burmeso}; Latang.(Naqa) tMada e (oln"“10)
India (Assam), Bufma ond Thailand. "= = ¢

Culmd:  30-L0 fe by 2- 3 in; ifternodes fhin-walled.

- Use: General..,

11
'

.28, Chusques spn.: Chusquw, Suro, C&rrlgo. <
Centyal and Sbuth fwiexica; spLC1ally 1n Jndenn Hi hlinds,_ieiiéo to

Chile and Arrmentina. ;

fulms: Gencrally lons, slender and relatively wesk; pithy. at centre,

+ .© . % " Uses: Sheathing for roofs, end lath for watt¥e and daub walls, . .
29. Dendrocelamus asper: Buloh Beton:, B. Panchins (Malay), Kuur (Sekai},. . Lo

Delin~ [etunr, Jajanr Butunt).“rlns Setune (Java), Awi B“tunﬂ3 Bitun~
(Sud n), Bawbu Batuvnr, Terin-t Betune (Sumetra}.
Malaysia, Ind0n9511, Philinpines and Thailand.- Much planted.
Culms: To 100 £t by 6~8 in: short lower interncdes very thick-walled.
Use:  Geoneral. : o

30.:  Dendrocalamus brandisii: Kyelowa. Waya, Udpyu (Burmese) , Uaﬁay, Uoklu {Karen)

Mai Bongyei {Siemese). - g
) India: MNorth-castern hills, to 4,000 ft. T
. Culms: 60-120 ft by 5-8 in.” — : .

Use: General.

- 31. Dendrocalamus ~irantous: Wabp (Burme), Worra {Agsem), Phai Tano-(Siamcsc)’
. ~ Indi=: Caleutta, northwards to Tencsserim in Burma, Tasiland, C*vlon.
' ; Culms: 60-100 ft by 8-10 in.

Use: (General:

. __ - R

it

i
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_ 33,

3k,

35.

36,

38,

Lo

39, 1

L)

Deéndrocalrrus homiltonii: ,Wato-myrtaan-yp'(Buriesg),‘”anﬂ (ch 1),
Fac (Lepceha), Kolwe {Assah), Foechl: (Beionli )y -Gnay (thl} anoks (Garod
Thai Huslyai (Sieames.). L. ey : o

India, Burma and Thail-ond: Oontra ;ﬁu‘ﬂ. uiﬂelﬂyas, i, a¢nﬁa1, L85,
Khasia Hills, Svlhet. 4mst to wper Burma ond west to Sudtlce).  the
common bamboo of thy I leulln” 11115‘ Terai ete.; much cultivoted.

Culms: L0-GO Ft by B-T+in; internodes 1220 In lon<’ somewint soft
and'relutivbly thin-wnlled. e : ' :

Usc:, General’ not hl'hly,csteuped.

. [ ) .

Kl
s e

t CL ¢

" Dendrocalamus hookerii: UKotang, Fatu, T111 K&wa Uiz,

T In@ia to Unner Burma: To 5. obo fe.
Culms: 50-60 ft by L-6 ing 1nt\rnocus,18~20 in.lon walls about
1 in thick. s :
Usw::  General, T

Dwndrocalwmus Intiflorus: ‘Ha tru (Chincsc), Thai Zenshun (Siamese) .
Thalland Taivan =nd Philivpines: Cultivated. ' :
Culms: Tq 25 m by 20 em; wa115'0.5—3.5 em: interncdes 20-70 cm.
Use: General. ' ' '

Dendrocelamus lon; 1spatbus “Khan:, Orah, fﬂ-va, “hai Leammalo~ {(Siamese).
 xast Takiistan, Burma ¢ nd Thailend, - , ) - - .
Culms: To 60 ft by 3~ dn- intcrnodcs 1024 dn lon=: walls 1/2 in thibk.
Use: General, ‘“not hizhlr.esteemed as buildine material but used
when better kinds ars not- avn11ab1; {tract), e

Dgndrocal1mu5\mémbranachus Ua—yoa, Uafyai, Vn-mu, apyu (Mal=yv),
T Phai Hual (Sieamesc). ‘ o o R
1 Indiz, Burma and Thailand: Moist forests at low nlevn;ionSQ ;
Culms: To 70 ft by L in; 1ntornodcs 9- 15 in lonT, ‘wood. 1/4-3/8 in thick.
Use: General. . - ' )

Dendrocalamus merrillianus: Bovad (Ilocos!, Kewvsyan-bavog (Panwasinan) .

Philippine Tslands . t ; .
Culms: _ 18 m by €-13 ¢, ~r2lls 2.5~3 cm; internode 15-2F cm.
Use: Generaly . o v . ' -

. o , o

Defidroealemus sik%imeénsis: ?aﬁrianﬁ {Leﬁcha),.wadah'(Garo Hills), Tiris,
Vola: (Wepal). . T
. India {Sikkim1 snd B, Himeld rns) and “‘hut n- B,000-6 009, Tt.

s Culr:: 50~7Q £t by 5--7 in. - o . . C e

. Use: General.. S Jf" T Lk

. : ¥

.

Derrocalamus strictus: el Barboo Bans . Bans Kaban, Bﬂne Fhurd, Karail.
Mathan, HMot, Buru Mat, Salia Bans, Halpa, Vedur, Bhiru, #srk, Kel Muncil,
Kird Bidru, S&dhanquvndru; Kankz, tyinwa, Phai Zans (511m¢s_).

Throughout India and Burﬂ‘"q, ot .in 5, -and S.E. Benral and Asgan,
. +Theiland., Commcnest boThoo in’ India. - ﬂ
Culms: 515 m by 2, 5 8 cin \nrv stron', ofthn solld R .
Use: Gbﬁul ' : . '
. + : '
i ! . £
N i [
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: 40, Gggént%rhloa anus: Bamboo Avus, D. Tali (Maler), Delingi Avoes, D. Tanecsool,
' D. Pring, Pring Apus, P. Anoos, P. Tali {Java), fwi Tali (Sunda), Perenn
Tali {Madurs). . ’ Te
Java, Surinarm ond Thaildnd: Widely planted.
Culms: To 05 ft Ly b-f in: .internodes up to 26 in lonz; woed 1/b-1/Z in
o thick. " ’ - : o '
- - - _Use: CGeneral; one of tue rost useful bamboos. I

3

41, Gipantochloa levis: Kavayan-wo-o, X, Gina, K. Puti, Boho,(LJFQlog}, nldo,
Botong {Bisaya), Bole {(P1). . ’

Philivpine Tslands and ‘nlaysis:  Vidd and chltivuteﬂ.
Cialms: To 20 m by 1%-23 cu; walls 1.5=3.0 o interfiode M-30 omy very .
. .straight, easily worked. : _ . '
< . Usg: feneral. i ¢
k2. Gigantochloa macrogtachva- Tekserzl:, Madi, Héﬂvwa,-wanet, ﬂabray. -

India (Assan), Last Pakistan =ud Burma. . > . :
Culms:, 30-50 1t by 2 1/2-b in. : ) - PR S Rt
Use:. Teneral. . . e
43, Gigantochloa verticillata: Whorled Darboo, Parboo Andong alay). Prine
Soorat (Java), Andeng Kakes, Awi /ndon-+, A. Garbong, A. Links, &, Soorat
(Sunda)}. : T - ,
Java. ™ C .. _ : ! X . _
Culms: To 68 ft by 6 in; internodes with pale yelloy strives; wood up’”
- to L/5 in thick; culms straignt, easily worked. : :
v Use: feneral, x _ . -

- .

LW, Guadua afuleata: Tarro (“entral Anerlca‘
Mexico to Panama. S 3 \ :
Cu¥ms: To TS5 ft bv 5 ing iEZGTnodes_relatigeiy 5hor?§ wood of mnoderate

.

,_5n~_w_mm_EWMnm -thickness. . k. n
5 Use:” General, . . . ) SRR oo
: » S % .
45, Guadua amhlexifolia: Cauro. (Nlcaragua, Mosquito ). K .
¢ ' Venezuela to HMexico. Ky :
_ - Culms: To 60 ft by L ing 1ﬁternodes relatlvbly sqoﬂt lower ones
"’#u.é', . L aeml SOlld - 4 ._\ .
o Use: General ; the least de51rable of the listed: fpec1es;Tor the purpose,
- but much ubed in Nicaragug.-i : s
] - P 4

- . . . ’

R
L6, Guadua angustifolia:’ Guadua (Columyigé, Cana Brava (Fpuador).

¢

Ecuador, Colombia, Peru and N.E.™Gouth America from Argentina to Panama.

Culns: To 90 ft by £ in; internode relatlvely short; wood up to 3/4 in .-
. thick. . _
Uses- Ceneral most versatile of the genus. Used in nearly everv Nouse,
" . and some hcuses built entirely ¢f it:in sohe areas."Re51staut to both -«
) P rot fungl and wood-eating insects. . '
by, Guadua superba: rlsrona.
. Brazil: Acre, Rio Purus. o
Culms: To 75 ft by 5 in. ’ E o
Uge: Gemeral. - = .7 ° ' :
R "86_. \\
- - - > H. at

=
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Melocarna baccifera:  Terai Hamboo. Huli, Metuuga (Bengali)}, Tarais {Assan),
Weti (Cachar), frter (itkir), Turizh (Reme), Wetrai (Caro). Heyaunmwa {'agh),

.Ka¥15§;a£Burmese) Paia, Terie, Pamtulla. . o = .
L In - Twst Takistan and:Turra. A '

Culrs: 50-70 ft by 1 1/2 3 in; internodes ‘12-70 in long; straizghi,
thin-walled, but strong and dutable. : ' :
Hie: Generafi; principal Haterlal for econor1c¢1 housing in East Pakistan,

e

9. OQchlandra rheedii - . ¥ : o :
: . Indig (Kerala)., =~ - : . . :
Culms: 15-20 £t by 1-2 in; thin-walled. i .

-

i Use: Woven nats. o
OQhIandra stridula: DBatali Pattapass.
i Ceylon {low country'in the south}.
{Culms: 6-18 ft by 1/2 to 3/4 in. ' : -
‘Use: Rbofs of huts. A . _ ' S

Oxytenanthers abyssinica:'-Arkai,_Chonﬁel; Savannah Bamboo.

' _Africa: FEthiopia to Anpola and Ghana: ‘ N '
Culms: -25-50 £t Ly 1 1/2-3 in, L

g Use: Geqeral ' I '

- 52. Oxytenanthera albceiliatafs Phai Ral, Phai Khal (Siamese),

“1 Thailand, .
. Culms: T-10 m by 1. 5 3.0 cm: walls.0.5-2.0 cm; 1nternodes 15 ko cm.
: Use: GCeneral., - ! T L ' 5 - *
- . -~ B
53,  Oxytenamrthera nigrociliata: Fodsh (ﬁndaran), Washut (Garo), Bolantgi Bans -
: {(Orissa), Lengha (Java), Phai Phek (Siamese}. - S
India, Ahdamen Islands, Burma, Java and Sumatra and Thalland. o
Culmsg 30-b0. Tt by 1/2 2 1n. _ _ o g
T Use: Geheral. : : T .
¥ - .
54, thllﬁstachvs ‘aurea: Budd1a Ba b, Hotei-cHiku (Japanese), Fat-to Chuk .
(Chinese}, ' y, ; : ‘
China ahd Japan. MNow cultivated nearly all over the world in temperate
0 zone. Probably nost cormon exotic bayboo next to Bawhpsa vuiﬂarls.
culms: 2% ft by 1 ia. .
, Use: Suitable for llght elenents of house CDHStTu;thﬂ
- . N . . i
Sj,_lPhyliostachys banbusoides : fiant Tlthr Bamb o, Madale {Japanese), Kuei Chu, .
-~ Kem Chuck {Chinese). : /p.
ot ~ ¢~ China and Japan.’ Lultlvated in other cquntries,
_ . ‘hBulms:. To 75 £t 8y 6 in; stralpht woo of noderate thickpness but oo,
~ .-, .excellent quality. S [
' Uset ~@eneral- R : *
T _Iote. “In Chlna, numerous: other spec1e{ of this. genus are much used in RV
) . bulldlng hoﬁses.l : : . !

562 Phyllostachys edulls Wéng fgunr Chu (Chlncse)

 _‘. co Taiwan.. - « o .
L ! pulms. Wiog m by 5-18 cm. ST l
. Use: Gemeral, scaffolding. * =~ ° . . .. - Lk

. ) . . - . RERN

_BT,.i . . i [
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57. Pseudbstachyvum polymorphuw: (Filing (Wepel}, Purvhiok, Paphok (Lencha)

. Wachall (Garo), Bajal, Tolli 1 (Assam), Bawve (Burrﬂse]

India (E. Himalayas, Asgdrm, Si :ir) and Upper Burma.

s - ' Culms: To 50 ff by ) i} internddes long, tain-walled.

- : lses: Lath ndttlnp, withes fer tyine. frames of huts,
58, Sghizostachun bracnyclqdum: TBuloh hinis, Buloh'teﬁar; Buloh Pagdi, Buloh Urat

"Busa, Buloh Pelan (Malay) ! S . C

Malaya and Philippine, I$lands. { ' '

Culms: To 8 cm dia.; thin- wgﬁiﬁd veqy strelght easlly selit apd
Flattened., * : . o . -

Uses: Walls and fioors of h%uaes. f% a- e -

. " . -

59, Schizostéchum hainanense: Tang Cﬁuk CﬁhlneSe)
s * China: Hainan Tsland. _
Culms:~ To 100 ft by 1 in; internoaes long, thin-walled.

" Uses; Lath, matting.. | T L.

[ . LT
. . - -
) A - ) i
+ n .

“ 60. .Schizostachyum lima: Anos, ) . L .
Philippine Islands: - Lufon, t'indoro, Malavan, “indanao.
Calms: 6-10 m by 2.5-bl8 em; walls O. 3-0. 5 cn‘linternédes 80-100 em. -

Uses: Matting, shinglek, ‘thin- latt. . ' . . L
. . . 2 At £ N [ 3 5
6). Schizostachyum ilumampao: -La {ap ‘{Bosgvan), TaMblang (Blleean} Fuho. ' - :
Philippine Tslabds: Luan, Penayr . >
Culms: 12-15 1 by, 7.5 pms walls o. h 0.6 ery ifiternodes 3@:50.cmaé _
~ straight. . : T : ST ' B o
 Use: Boords! : " o . o leﬁ : : o

Y » - a"

62. Sehizostachyum zollingeri: Euloh Tule, B. Te}Ur ‘B. Palan~, B.-HUipis,
B. Dinding, B. Pauh, B.' Kakap, E. Lemang, Phai POr(Slamese) ’

Indonesia, Malaysia and| Thailand.

M Culms: To 15 m by 2-10 cmh.thln—walled, lnternodes commonly to L0 CTh. .
. Easily split and then flattEﬂed. . : .o . ) .
o _ Uses: ,Vall and floors pbf houses . o : : ' :
O 63. Teigostachyun-dullooa:, DolU'(Bengali), Iulooa.{Assan), Paksalu, Pogslo,
LA Wadru, Gyawa.. o ' - .
: India (Assam) and East Paklatan. =L,

Culms: 20-30 £t by 1-3 1n, 1nternodes to hO in long, thln—walled.
.Uses: Lath, matting. |, v

'
i

6h. Thyrsostachys oliveri: Tharawa (Burmese), Maitong {Kachin), Phak Rual

- 7 " (Siamese). L ¥y B o .

_ India, Upper Burme and Thailand: *Tg 2,000 ft. ’ P e
L Culmu: To 25 in by 5-8 [cm: rather th}n—walled, ‘internodes 30= 60 oM. R

Use: General

B - . - . \
1 65. Thyrsostachys 31amenéis ‘i Ruak, Mai HuakiESiamesé), Kyaungwa. . - . Fﬁ
o o Thailend and Burma a g o ) : s
o _ Culms:  25-407£t by 1 1/2-3 iny thick-walled: internodes 6-12 in; very
: S " strong-and straight. ¢ | ¢ . T I ' o
e v Use: GCeneral. R , o _ ro Lo
‘ . ; - : . . ’ - . R ) . o , L] ﬂ
v !_' ~ . . “ .
TR . ) ¢ BB~ . ) ,
B Bt ) - T
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1. Arundo donex - Giant reed (Hitcheock), Vara de Coheta (r1 Salvadqr),

“Bamboo reed {8. Australia): | S )
Pantropic and extending into mllder narts of the teMperate zone in.
cultivation. ’

- * Gulms: To 20 £t by 1 in; hollow, thin-valled, the surface grooth
’ i and shining.
Uses: Wattling, roofing and mats for walls and roofs.
Bl v
2, Cynerium sagittatum:. Uva gress (Hitcheock), Cana Areva (Cuka), Cane Blanca
' “(Pinams). Cene amarga (Venezuela), Vara de Tusa (71 Salvadcr),
Uba (Brazil), teste Clarissa Ro1fs) -
Tropical-America: Principally at low elevations. "
Culns:; Commonly tg 25 ft by 1 1/4% in: the interncdes rilleqd wlth

N - pith, which shrivels and shrinks upon drV1no covered with persistent .

. - sheaths. : N .
e ‘Uses: Walls znd partlulons, ceiling firish, rouf gsheathin~. Tied 1in
.. small bunches as rafters for tile roofs. , '
h 1]
3. Phr_gmltes commmis:  Common Water Reed. .
01d. and new worlds.
Culms: 5-10 ft.. . . gy - . :
.Uses- Reed boards (Austria), thetchink, ribs of ataps in Malaya. .

-+

4. Phragmites graminecae:  QRassab {(Arab). . g

' " Iraaq. . ' " :

Culms: 3-4 m by 2. 0—2 5 cm, walls 0.9-3, 0 mm thick. Thicker walls
and stronger partltlons for northern reeds. _ : . _

Uses: Roofs, wall panels, 1nqulat10n reed bpards: tied into bundles
for column, beams and arches. Termlte res1stant ' 3

x

- =T

S. Phragmites karka: an Sarkanda.,

India (plains ahd Himalayan valleys to 900 m}, Durma, Cevlon, extending’ .

to 5.E. Asia and N, Australial
Culms: To_15 ft; holloy.
Uses: General, reed boards.

. 6. Baccharam_t arunﬂlnaceum Munj. g
India, Burma Ceylon
_Culms: -Straight, stronz
‘. ' Uses: Ualls of huts, matting, roaea from sheaths.
f Saccharum spontaneum Ekra.” = B .
@ C T Tnaia:  Westwards to the ”edlterranean. - .
-~ Culms: Tell, rcbust, + smooth . polished . )

' /"' ' Uses:» Reed boards (Indla}, walls of huts.
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Annex III : .:. . -‘._ i - “ .' LR S .J-'
c Sy naco:mmm PEESE‘INATME FOR. DIFFERENT mm usss OF, anm _ : oo
’ I s K] - . ‘“ v . - ) B
. Lo \ Lo - 3
—i - B \ T G * O Lt - . °
. . ) . - . Recommended al - - Concentra-- ;. + Loading off © . e Expected
: bl - preservatives- tion pf - LAry chemi- . - 7 Proposed service - .
En"“-’.““ of ha‘?‘h‘:‘c’ T They Green. @ -preserva- « = pal™m’, , - . ‘treatment A1TFE .
. : - , oemboo bumpoo L oa 0 tlye fuiboe - ¢ L : - °
. (percentm) _.(k&.fl,?}?) R A -, {yenrs) e
T e - . s T Ty -
- Useiin the open and in contact  Open tedk for 15 ) LT
‘with the ground (e.g., posts, pressure process N I
pa.le-ferﬁﬁt LN _ v . a
_ ‘Prépgure process - 7 . i
B [MoMLTi#d boucherie - . .
:, “ﬁor 6 to & hours.or .
- steeping i‘or 35 . to
P . +bg- -days -. :

e‘in the gpen but not in
'--oonta,ct with the ground
“{e.g., Gridges, st'a.ﬁ‘oIdings, }

! v,
pz't:ssn:m ,-vgrccr.sgqf -
1edders eteo, ) k

-,

. . . Pressﬁre _j,n‘océss .
+ e ‘»
. ] " $Hofid fpd. Loucheiie -
: : ’ . Tor % 3 Bshours 7
. - . & o stelpina for *
L. 20 to 25 daars
Use under cover: . ) i o o SN _' - *‘.-
* House building, wells, a e . el ® 30 45 48 Hot dfpping or]
. truspes, purlins, - . . I [ ropen tank or
= :rafters, tent poles : B B . Lo . .pressure proadess |
Sty e T . < S o

P . 1
. _— .
- s d, & and £
(b] Scregns, ceilings, - band ¢ Caae T ‘
doors and door f d e f, & -
A , e, I . B
B zﬁelling, furniture ahd B )
4 b and. ¢ ‘ Moqiﬂqd hcn.mherie
i ’ - 3 r for'atq}horumor
’ o ) - 8y 14 - * Steeping fdr § to
pR o o : N - .. a.n g - 12 dgys - '
© prophylectie tresbment? . i - igndd ... . Dipping fof
. green bamboos including | S - ‘5 minutes
splints and round bamboos o e T S
for eventonl fwll-fledgeda ~—~ ~: s S L
treatmzn‘t af'oer a:.r-ﬂry:.ng' ) . . S S
L} ;‘;' .‘ "—
colmnns refer to the entnes :’m ‘The ra]lowipg 11&.1:50f preserwtives.
e - Y
B T -91- A { %.,, e oL @




L“\.‘g.- s i ’ . ! ,n J ." .‘ S - . “ t a ‘
o e T T o im i a . o ‘", . L ’ . '
A \b e l’ : . List of preservatives “ e -
L ol . . . - : oo L
- Caal tar creosote and fuel 0il, 50:50 by upfrht. P TR - :
. In” lnrrhly t*e;‘mlte-:l,nf‘aated areas itis. pl""’ﬁf‘l&blu 4o add 1 rier cent cheJ_drln
“ e ; e.nd inn mf;thv decaylng "reas l per: ,cent ne tachlol"on“ienol e, :
.._I_. . r R . ‘: -, . . . . .‘ PR -r- ‘. ] . . ’ . .
pay : .Conner—chrome—arsenle comp051+1on {Ascu) . L Rt
e oo T A tgplcal composition of thlg nreshrvatlve comprlﬁes conner E?!whate "

(Cqu y 5H D},.a.rsenlc pento ide (AS0 ) and sodlum or ndtasmuﬂ dichromate
4 2!

: 'prlses 1. 6‘3 narts of c{hromlu:
sesaus B de (Cr 0. } [eq 1valent to 2”3 ‘parts of sodiu dlcnromateJ 5% parts '

> _ of couraé’r Sulmate and er 5 part s of..g*y.\ym dlchrpma:te C - ‘ o

A . .- : e K e

A - . . P i - i

'__.n' BT A Copper—-chrome orie comnos:‘t:.og,._ ¢ RO v £

: ) @@;‘ This® consists of heriy acig (H3BO3] “eopRer sulnhate and- sodlum ar pdtassiuw S
! g -

K v ﬂlchromate in the pr portlon of 1, 5 3 i, T : . N

il
: ”“egpper chrqme~31nc— reénic: comnosition.. o
L T A“tyﬁ:cal conp051taon of this prpqervd%lve,compr15e5¥28 parts ‘of arsenic -

: FH SR80, 1/9 0}, 25 parts’of soda.\.‘lm arsghate’ (N HAsQ, , 128 0),, _
e _517 parts of sodi dlchromate and 30 pwrts of. zine 5dlphate (ZnSOhs TB 0), L

[ o~ AR

;;j'H f. - Chromated zine ghlorldaq - : »
PR Thi$ gonsists of zine chloride (ZnCl ) and sodlum or pot3351um dlch omate
R A ~ Yin- the ratio of 1:1. : _ . P .
£ Boric acid—bqﬁax 2.5 Per cént eacp; . . : .né* - // ' ?1; .
“h. Copner nanhtﬁenate and zine naphthenate. ‘ 6 oo )
| These are sélts of naphthenic acid and ghould contaim 0.5 per ifnt of, : t.
' _ copper and- 3 per cent of zine by welght respett:vely . / _.gi .
T . i, Dleldzln pentachloroPhenol emulsman. . ' ' :
' “ ¢ T Dieldrin 18 per cent- emuls{flhble concentrate, 1 Dart S
P PCP 12 per cent ‘enmulsifisble concentrate,'d parts: water, TS'narts by ’
: weipght, thls may begedded . CODREr naphthenate (1 per cen copner) in -
- ehmls’lflabla form, 1 p hv 1-131{'111: .
“ o, ; ' e S S N T
GO P Water golution contalnlnn borax 2. per cent, sodium pentacilordphenate e o

1 per cent, and gammexanp {water dlsner51blg)5> 1 per cegt by weight.

"’. i 1 . T
i < . . . CS




"due -to the 51110a Uith whlqﬁbthe tlssues aTe more or ieSb heav11y 1'nrernated

'Iqteel or an equallv hard allov can be secured for worklnr banboo ’ ) .
#
Toals es:ent1al o bulldl:L wlth banboo arg r;ldtlvplj few ane 31m91e
. In fact ,hmany & bamboo house Lias been built with no. more tools than ﬁitnachete.
++. But wherever the use of bamboo is to be refinad or claborated to any extent, .
- additional tools are requirtd. Some of thése may have to perfdrm work neculiar
./ © to the processing of bamboo and, for this reasoft, would not be avai Dle at the
SR sources of-standard carnentvv tools. The Chlnese tub- and Luchat. T who uses
 bambdo as his rawv material requires an arrav of some 30 differant tools and-
gadgets all of Wiichh are employed at one Stase or another in the Heasurlng,
cutting, «fitting and assembling¥bl the vagious parts: -‘With the followinH,
- the. standard bamboo elements for bu11d1n¢ nurnose%;ﬂay be processed amH

'.‘.-‘1}5- -

CR T T - AR . “I.Héfii. "0 Recomuénded specifications
i Ade s+ Removing dlaphragm fragments " Standard desisn, best-quality,
' - and excesg.sdft’ wood st basal  steel S

ﬂ-_ I _ _; . end of baiiboo boards. Spud | : - o T ,
' is more jwonvenients but the. S '

- - renerally available L L e F
. : L : “ oL S ’ .
. Azé = Fell1ﬁﬁ”bamboo ' . Llrht»welght axe . . o '
' B ' Cracklnr the rodes of 1ar"e L15ht~we’f. axe with a nerrow

Large size (30-60 cm),
_ molybdenum' steel, apcut 3-6

- T

‘teeth per iz s - .
7 holes in culms to accdine Begt steel (molybdenum steel if
lashines for end ties . .'avallable), 2 cn bit
Hakin:fhdles to aééommodate Hand or power—driven_drill; motai
barboo pins or dowvels L dxilling bits, best steel, '
" ' e o assorted sizes, 2~12hmm
Rem0v1nr dlaphrawms to make Curved {front bent); . and
. troughs and drainpipes from b cin bits
splint or opened culms L . T .

P

L .:Ef, .
3.' Cas
) '{ . \ )
o .
- ! - . ! X . “.:‘\_l:. . .
Angex IV : ‘y r
o o TOO s. USEJ ua BAM_BOO AND Rmn COu’SThUCTIO‘I
R N . - r' . Ir:'*:‘:‘ . . -, .
: Bamboo is qotorlous foﬁ its huhlin: ef’ect on edped toolé " This effect is " -




".‘ '4—"‘. | -
-, .
@ - — o - :
- ?D_O_‘—- b ‘:%u’g :
o A . L
jHackuD1 : Fellin~ ~ulms rgrDV1n
: ﬂ;ancﬁna, Luftlﬂ ulms
mto 16“7t1 o v
H - #
szammér Drivinﬁ ot eftractin T nsnils
- N - "-‘ ® N -
@ ‘. v
L] ’ R Y T - .
Hatehtt or Craskinege the nodoeg of smaller
Ll
osiall o ate sulma

for makin: beards
. Y . L
- Knives,  For sglittirr small culms
' v , For malting barboo withes
= _-‘Cutﬁihr_anﬂ trimping
R - R

v . - Q. i
. - B

iliscellaneous: fzlline*and .
striering culms, end’ cuttln”
. B tnem to 1enﬂfhg, SFemovingT
' frafﬁents of ﬂlﬂmhvavms Trem
A bamboo boa rdb eia.

_.Machete .

. . ]

of o Bruzk:nﬁ out the d3aphrasms

Rods
reinfcoredin of unsnlit culws
steal . e s .
Screwdrivers ~Driving screvs .
L o - . .o

Tacilitatine the SDllLtlnFA'
o@ ‘whole culus or ‘sections
%Dto sevegal strips at once

Splittns Jig™

Hpud - Remnyinﬂkﬁiaphragw frarments
> ™. . and excess o “twood a* basal
L - . erd of hamboo Y oards
+ Thatching needle: Sewing reed thatch o
.
. . i .
4 [ 'I‘#
. . > D
. L=l

AR 1L1t

s ong
Lar~e aide. u“alu suphly of
mclvvdpnun steel bladses, T.ani

- ‘ )
1-2 1%, are face for rm.:L"l drivin-,
otner.for rail. q{tractlﬂqw

'uat\_rwalr wroad=ht iron forged -
provided vitn wood handle 30 om

- e Lepe pE— e e

- smoaller in

+ short

’ AV,

2

. .. ¥ -
L . : 3t
ohort handle; broad blade ™.

N . . ral

Yons handle, hlzade bevelled on
Sne side wnly : :
Varicus tyees
p;eferenq,

depending on
of user ) "

Erufercnee of . the user to decide
troe of’blade selected’, lonc,
'xalrly beavy blnde recommended

]

Surgcsto& minimum: one each, of
2¢mby - 3mand L cm by 3 m.
, “ther Qinensions to moet special .
needs. Hardwood or bamboo pole
May be substituted -

+In lengths of 15, 22 and 30 ciny-
material , hich carbon steel

Long hendlL, broad blads set t:'
an angle to “operate parallnl -
Wlth surface of board © T

L]

v

i thatchinr needle may bé,made-
Trom a hQ‘tOCHSHCE length of
heavy ~gauge fepciuﬂ'yi?@-as
follows: . one end’is filed to a
roush. point. and the othér 'is
beaten flat so that a 5-mm hole
. can be drilled to fongjthe'eye
' . - LA

g

L
.

.




‘ o Tool
- Pripods. o¥ -
,trestlés '
n o Titetstone

Wire pincers

5

. . ..

.
N . .

.
. .
.
=] - - '
i =lse
* - --v_ .

LhJevatan culms and’ holdlnp
thew firm for sawing to f—
lenfth”_cracﬂlnﬁ nodes’

I a T P Coe .
BHeErnenin: edied tools .
R K - . B
;’ . ) . " ! ‘:

For rendling. wire used fore -

_;_l_&hlgyg .}.: .  - e ™

oo .k ..

v ) . "‘.9 S-_

culm nodes

. L e
" S .
! . ¢ PR ..
W - ; i s - -
Recomterded sne01f1cat19ns o
4. . ) . h “ . . é&_..-\.
Say Be made 1ocally following.

the pattern‘locallv preferrei_

R N

r. Carbhorusdin, corrse--rained on -

one, 51de, Irn' ﬂn the other - *a

PN R

=Convent1dhal tvrm>q1,q lone

Y ngrrow javs and wire- cuttlnv S

* Pestune ’ . . o
o . . .

. +

LEN ono flat £idc.

“Lar-e-size; v

. one gonvex: sooarsg, mediun ' .
and fine te;t:' : e
' e . .
-
LY
.
b
Il
) ) 7 S sk ’
: '0“-.... “ s L\ :
2 N ) { e
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COMMENT 5€ PROCURER LES PUQ‘II.ICATIONS DES NA;?DNS UNIES

v N o . -

HOW 1O OBTAIMN UNFTED NATIOMS PUBLICATIONS 4 o

A

Unlled Holions puhll:ullom may be oblained |fcnr| bodkitores und distributers 1hroughoul .
the warfd. Consull yuur bookslare or write 1o Umisd Motiens, Sales Seclion, New YQI*P

or Geneyo; . '.<

ids det Maolions Unies sonl an ¥enla- dons les, Librairies el les ugén:el
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