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Shelter is man's.tbasic need. 7 ins .
the cold nirchts and the scorchine he
regiens ¥now that shelter is as imporitant
climates. A man's home ig, still the econt providin-~
facilities for, cooking , sleering 2nd rersonal brriene ., and rrotection from

" .animals snd the elements, :

o+
&}
g

v

Bamboos and reeds are the oldest and chief tuiléins materials in rur
areas and villages throughout the world's trovical and subiropical resions.
It is a simple fact that more veonle live in bambhoo and reed huildinss thar
. houses of anv other materisl. Ramhoo and reed tonstruction is

good reasons:  the material is plentiful and cheap, the vwills
own house. with simple tools, and thére is a livine tfradition ot e
methods required for construction. This tvaditiow heer aubrie:
recent vears Yy experiments carried-out vrincipellr in Indis, Indonesisn, tie
Philippines and Colombia.. The bamboo and recd housing is easily built, essi
repuire@,'welluventilated, sturdy and earthouake-resistant.

mopular for

Deteriorstion by insects, rot funsi and firc is the chief dravhsek of
bamboo and reeds as building moterial. Many buildings of untreated hamboo
must be replaced-every two or three vears. Most bemboo and reed houses have no
interior toilets, irndoor water supply, or interior cooring facilities. Tt is
easy to speculate about tlie relation Vetween the absence of these facilities
"and the rapid deterioration.

Improving the material »romnerties of and construction technigques for
bamboo and reed buildings would be a giant ster towards improvine the cuslity
of life for millions of rural dwellers in the world's develoning countries.

t

This study has two purposes. The Tirst is to acquaint nationel
Covernments , ministries of housing, rerional housing suthorities, villase ond
community development officers, rural aig socigiies, buildine co-operatives,
building contractors and the villagers themselves with new or not well~known

- techniques of bamboo and reed building construction. The technicues may he
«directly transferable or mgyv.be onlv an indication of mossibilities.

. . . . 3 ]

The second purpose is to stinulate additidnal research on imbrovins the
properties of bamboo and reed as a building material and on improving the =
techniques of building construction with bamboo and reeds.

The study reflects the concern expressed at varicus sessicns of the °
Ccmmittee for Housing, Building and Planning; the Ccrmission for focial-
Develorment and the Economic and Sotial Ccuncil. The General Assembly, in its
resoluticn 2036 (XX), requested the Secretary-General to undertake the
preparation of periodical reports, intér alia, on the "measures to develop a.
building mate{ial industry utilizing local raw materials to the maxémum”.
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This study was prenared for the United Nations fecretariat by two special

‘consultants, D. Narayanamurty, Director,Indian Plywood Industries Research

Association, and Dinesh MoHan, Director, Central Building Research Institute,
Roorkee, Utta Pradesh, India, and edited by Professor Adam ‘iener’, Hassau
Community College, ilew York. It forms part of a continuing project uhder tue
direction of the Centre for Housing, Building and Planning of the United Nations
Secretariat on the important subject of "Improvement and development of building
technologies based on locally available materials”. ~

The authors have drawg on Bambod asya Buiilding Material by F.A» MeClure,
published by the United States Department of Agriculture. The Secretariat of the
United Nations wishes to express its appreciation to the author apnd the Uepartment
for permission to use the material quoted herein. |
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1. BAVROO AYD RUFDG AS TUTINING MATTTIALS

“eopravhical distribution
. .

F.A. McClure reports that

Bamhoos occur as rore or ldss vrorinent elements i the natural
vesetation of many parts of the fropical. subtronical. ar?d mila t‘""erqu
regions of the vorld, fror sea lgvel to altitudes of more than 13,000 Ffeet,
wherever a suitable combination.¢f.ecolorical Tactors mreveils. Theiw
natural distribution is very uneven, both as to shundance =:d variety of
kinds in a given area. Through the asency of man, the distrihutior of manv
species of bamboo has been greatlly widened. This process Srohakrly has heen
going on for a long time, and the actual extent of it has not hresn surveved. .
However, some of the most <valualjle species bave not been distributed to anv
important extent and much remairls to he done to make these more ~enerallw
krnown and available.

"The gréatesﬁ concentration of bamboos and tho "hichest development of
their use are to be found on thg southeastern borders of #Asia and on
adjacent islands. This area exgtends from India to China on thp mainland
and from Japan to /Inuone51a/ afmong the islands. Sore 20- GheCIQQVOf
bamboo have been reported from the little--known flova of “?**ca. and many
of these are used... for houfe [construction. The TIsland of "adazascar.

. vhose flora is more fullv ¥nowi], has heen found to have more native sv901,:
- of bamboo than are kmown to oc¢ur in the whole of Africa. Austrialia s
perhaps a half-dozén native spgcies - Furone none.- .In the Western
Hemisphere. the natural distripution of barboos extends from soithern
United States to Argentina and Chile. Some 200 species are ustive to this
srea, but they are verv uneverfly distributed. ‘fanv of the recorded species
are very irverfectly known, and some ;inds have been recordsd under more
than one name, but the known Pambog flora of the world onrohahlv totals more
than 700 species, classified {n ahout 50 distinet renera. 1/

and pronagates through natural refeneration.
bamboo plantatlons are now common in many
boo ha§ resulted in the introduction of rew .
e species do not meet local needs. One species
is now successfully cultivated in the southern
o Rico.  Another-snecies, Bamtusa vulgaris
ated species in the Americas. In Tuatemala
armely renlaced the native Guadus species.

- Most bamboo grows in forests
Oving 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

possibly the most widely culti
and N¥icaragua. this snecies has

llore research is required t¢ test and select outstandineg varieties of Bamboo
. - B - ’ - - - - . ,
in order to determine their moteptial as huildinz material. One candidate for

.such reseerch, the Guadua anmustfifolin species of Peru, Colombia and Tcuador. is

reported to have outstanding resistance to attack by insects and rot.

«

mboo § a Bu]ldlng_tatorlal Tinited Stdtas Jevartment

1/  TF.A. MeClure. D 5 a B
of Agriculture (Washington, D.C., 1053). 12,




rrovs in virtuallt every countryv . incl
conauming cantres 21rc Indis, Indones
£ Tr the A
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Tirmihes, .. Americans | bamrooQ FTOTS 7 C e
is ~ameciallv important in Tol:imhis  Tcuador,

5 irmortant
to Olann and

is listed

r, Janan
country exeent

Venezuelaand the Ceontral ﬂwif’CHR eountrics. Tn Africs, *hours lezs
economically, barhoo i+ found in the tromizcal belt from

in the “Valagasy Republic. . The distribution of the mpar
in annex T. Tigures T. I1 and TIT shov threoe types of ba

S

Ciuttins. curins =nd =8

- - -

Rarwbooug form tre - oot prrmortant vt of th= forests in man” varts of
P

vorld. Tn tronical arcas, understors of the eversreen.
deciduous fore In post cazes this unlerstory consicsts of 2 gircle barboo
species, hut several uoecies are someti “found tovether Jartoos trTve best

and attais thelr maximm develonment in monston fovests | Mt thev deindle into
ghrubs in Semperate ragions | avd atlnieh ﬂltitudec”' angei o loor alrost like
grasses. larboos are,rood coloniters.. In Durma, Pasdetban and otisr narts
of Asia, nure \amVLu Fepent e found on 2101 slores where ahiftios
“>et racti Sapbon cccurs in A variet o of

sollas  whicn mre not oo acid

N -drained sitec . avoidiss mar.cow or uatorlosred a

151
it

=rmand . larce- scale bamboo pls

abicns have heon

e 1 4 other coantries.  The slentalions use nurscory-
T e ~3 sre nlanted on a orid bom x brm to e o dp
! taten

snacing

cutting, bundlin~ and ronoval of 1% barboo.
cassonally, Lll tractors are ured! and generally plantations hold ﬂrpa§er

nromise for mechanizins the crowing and guttin~ banmboo

New hamioo cul
the undersround rhi

or trunke are rroduced annually. growing in clumps out of
; or roots. The culms rature in tee-to gik vears :

aitliour lar: icies mav lanrer., Dutting is vorked on a cyele
varying thres to five wears. culms 2 cut 2% or 50 centimetres above

¥ i
ground. The cutpjng from each clump 1g gelsctiva.  The mature and dead culms
are removed but a’fe: left stguding to oive the youns culms »roper snpnort.
The cutting is £onerally done b band vith axes | machetes or saws. (haiv saws
are iionally { op bamboo plantatin

- the cost of lalour r~enerallvw
: is used to remove branches and
ndard lensths. 'lost harhoo Varvestine uses thids

makes them uneconomical. The same ecguirr
cut the culs

into

=ctive cutt

2ar cutting Usir& thie metrold cvery
3 1s mathod nermits mor: exitensive use
weat . Afker the culis have teen cut . the fores! is left clear
C Tha chief disadvantage of the method is that it permits

tting onlt once every 10 to 12 years., Perhaps with an assured market for all
e culms cut, vouns, old and ¢dead, this rothod could he made econorical,

fnother ‘ct*od
culm, vounr or old,

-
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Fipure I. Dendrocalanug riganteus. A larse-diameter bamboo
. (Forest Reg&drch Institute Dehra Dun, Indi=a)
\ ’ :
i L




Figure IT. ‘Dendrogalamus brandisii. A large bamboo
(Forest Research Institute, Dehra Dun, India)
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Figur=s III. CZambusa polymorpha, much favoured im House nstruction
- : = L o ETR B
(Plantation at the Forest Rescarch Institute, Dehra Jun, India) . f
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.for a period of six¥ to 12 weeks to increase its strenrth.and avoid crackine. ¥iln

‘and reeds against wetting by rain or hv contact witi snil. Tood wontilation and

ground it should be thoroughly ins»mected and cleaned apd all r

The annual rield
annuel yiclds vanrmes
snhecies are reporteil
reliable ‘statistics
of plantation ! 00 an

Tnsect ﬁ%técks are minimi ed by euttins when the starc content of tre oulm
i ast level: Nis-usuzalls osccurs durint tho earls sari of tis cald
ndia, tho best Cuttﬁnp veriod is from Dcroher to Februsyv. In °
dst cuttins period is reported to te Octoler to ove her.

Qnscentlbllltv to rot funsi also.bears sore relationshin to the cuttin- r»ericd
- " . s L. @
but for most species this has not been sufficienily investirat
Curing o .
uringe. . .
F¥eirple mechod of increasing the resi-tance of freshl clit culrmz to ~

beetles 1s clump curinrs,  Clur <
urrizht against livine culms for “four to oig
The objective 1g to make the culms as drv an ihle an’
content that insects feed on. The freshly cut lower ond of
by patting with a dusting bag filled with a § ner coht =i
The culm iz raised off the ground on 2 stene or brich. A
the lowver end of the culm to vreveat fungus attacl. “he drv
trimmed and transrmorted to storace.

D curing consists ‘nr newly cubt cnlne
N
L

cavg ceitbont rerovins len

e Terove d |

Trancportation

After cutting the hantoos and reeds are dras; to the n=arest
rough rath weaving F'rou~h the forest Here the culrmy eare bound irto rurndles .
with bamboo, rope or wire. - The b bambod bundles are loadesn- on btullocr carts,

donkey carts or trucks for thre trip to the storage ~=ard {sees fisure IV). Oiten

the bamboo is taken to the ral]head or river dock for transport fo o mor:.

(g

dictant market (fipure V). o ) N e
Storage . o

. _ . . v
At the storage yard, the bamboo is usually dried hw air seacsonine uvler cover

- . P o . ‘ . »
seasonins can do the same job 1n two to three weeks, though 2t tre rnsk‘of‘
neﬂhrane of several smecies 17 the qemﬂnrln‘ 13 toc ranid.

Dffective protection a;alnst decav in storage is orémined Ty suardinc tamboo

Trequent inspection are also important. s

N E L : v
The storage of bambco requires smecial care.. Jefore lawi=e cut’the storare

and, uscless

timber and. bamboo siould be removed. Tf the area Cirsth terrdites the
ground should be sprdved with a 4 ‘per <ent emulsith of DDT or '0.2 per cent

| 'iTVPﬁr-f'

3

emulsion of BHC or other suitable insecticide. Ternite colonies in mounds shculd

be destroyed by breakins cren the nounds and pouring in insectici’cs. The rreund
should have gocd drainape faciliti®s.. » :
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transported by buvllqck cart in hkeralu,
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Bamboo shou stacked on high 5 o=

30 centiretres gkove ths sround, for -
urder cover will raduce liarility o

i 4 - i +

insnected at resular interval
gides of the stored bhamtoo rmay
barboo should be rercved ov treatod, X

. L

“"Reeds srov almost in 2ll tho countries of the —orlis

AT
reed thickets are foun? in the troviecs. <The arsa under in
the USSR constitutes about 5 millicn hgetareq. The layee o Ste
with reeds in the USST are fouwrl in the South™ o T v
b +

Kazakn SER, in Uzbeckh JFR.  liore than 75 per cent
Auhl

tregs thrwee

in the USST are located
used in the industry should be clean, veadicss and eaxd
the h eld shauld not be lsss than Yo7 tons per

“The actual nractice in tw cultiviation of =
shovn the hirh effectivensss of creatin~ alflf‘ﬁqu
controlling the wgter level in the reed ]

i the v9161100ﬂ<1*iznq are vronerlyv select i :
incrzases bv a few tines and reaches h” tonv ner hed

investment on the earth worke and the installation of »uimig's otarior
. recovered i b6 vears ' :
In-the USSR tre vrenaration of rsed for industrisl survpoe. o oorts
in December and January vhen the reeds are rine. ‘ -

"In those ;places where mechanization of labour ig not possihle dug to
~natural conditions, the reeds are cut manuallv by means of a short scythe
with a wooden handle. The cut reed stems are iumediately bound into sheafs.
ilm . . h . ‘% R >
The reeds for industrial nurvoses are cut wit!: special tractor-drawn
or tractor-maunted harvesters. Horse-—-drawn mcwers are also uged.  The
mowers with special bhinder heads are the moct productive nachin=sgs. . 'n fthese
mowers, the cut reed stems are automaticallv made into sheafs . bound with
hinder twine and are either thrown on the field or delivered to. transport
vehicle by special conveyor devices Horse-drawn carts and sledsoes,
tractor ‘sledges and trucks with traller are used to tran~nort the reads =
to its storage sites. Similarlv. the reeds are also drasged divectlw over
ground or on special metal vallets. The actual practice  shovs thet tractor
dravn sledges are the most economical means to transmort reeds over &
distance of 10-15 kilometres on hard surface. Dragsins method
justifies 1tself over short distances up t6 1.5 — 2 kilometres. In -
this method, up to 5 tons of reeds are bound torether wit' rapss and -
dragged over grount bw a tractor. OF course, there is some .
dragging, yet the econory in han dllng compensates-for tiviee losses.
Transport cosis reach-up 1o 50 per cent of tatal expenditure on prenaration

and therefore most effective transrtort metrodc have to be used in each

particular case.
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+ "Lons eiperience in reed prevaration with the help of tractors has
revealed that the specific vressyre of wheels or catérpillar on the
grqund should not exceed 80 g/em” in wet and soft soily” At hirher vressures
the root buds are damaged, thus the development of offl-shoots is hampered.
The vield at those places, where root buds Were ﬂamape( durine the harvest,
drops down by a few times. Therefore the mechanisms uged in reed movine
must have wider rubber caterpillars. The specific nressure against seoil

can be considerably reduced by revlacing steel caterpillars b rubber ones.

<

. . . . g .

'The reed sheafs are piled at drv places into corical or evlindrical
stacks with conical ro»>fs or into rectangular stacks. The normal volume
of 2 stack is about L00-500 cubic metres.” 2/ :

-

Physical characteristics
Dimensions

Bamboo and reed cdlms vary in height and diameter. Some bamboos ard reeds
growv to_a height of 36 metres, and others are no more than sbrubs The diameter

veries from-1 fo 30 cenijmetres. The varizbility between svecies-is far gregatert, = e

>

than the variability within species. The variability' makes difficult the .
mechanization of processing and fahrication. When the supplv of culms is verwy e
large, this variability mav be partially overcome by careful selection and o

. grading. The range of heights and diameters of thWe principal species used in_ . =%

4,
. . . ) e
construction are listed in annex T. TN

?_%

Where nodes or riﬁgs are verv prominent, thev will interfere with close
fitting construction. The orominent node can be dressed to size but more commonly -
the use dictates the selection, and these culms are not used for close-fitting
construction:

Splitting

Bamboos and reeds have a tendency to split easily. This tendency is
particularly pronouncéd in the internodés, which have a lower coefficient of
shear than the nodes. Wherever Dos%ible, cuts in the culm should be made just
beyond the node to mininize splittins. The splitting tendencv nrecludes the use
of nails, screws or pegs unless pilot holes are drilled beforcherd. Often,

splitting is preceded by cracklng. Cracking is usually contrelled by ait or S

kiln drV1np - e e e

Durabiligy

Bémboos are highly susceptible to destruction by wood--eating insects, fungi
and fire. Within the culm, the 'middle and t1p sertions are less resistant than
the bottom portion. There is also a considerable variation in durability from ’

species to species. MeClure reports that the Guadua bamboo of Fecuador, Peru and

Colombia (Guadua angustifolia) : / -
. Iy : N -

e

& i
2/ V.G. Zezim, "Productlon and appllcatlon of buf%dlng materials and
eléments made of reeds”, a paper presented to the United Nations Seminar on
Organ%za?lonal and Technical Measurés directed towards Increasing the Production
of Building Materials, held at *oscow, September-October 1068, pn, 2-4, .

~11-
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"Mas & relatively hich resistance o hoth rot funsi and .wood-eatins
insects. It has been observed remeatedly that ordinarv hardwoods used in
conjunction with this bambhoo have had to be revnlac=d heczuse of irsect
damage while the bamboo 3till remains serviceahle. The orizinal untreated
siding, consistin~ of boards.of thic bamhdoﬂ in a hf-vear.old =lantation
house at Pichilingue in the Department of los Rios, cuador. tes still in
“a.serviceable condition in 1945, lons after ¥he “~rdvood flodrs had bad to
bte replaced because of insect damarme. 3/

The durability of untreated bamboo is hovever, in reneral. short. Bamboo
nosts embtedded in the ground are destroved in siu months to tro ves Ramtoo
stored above the ground rave, in tests. a useful 1ife of 27 to 1 v
Barboo under cover and not in contact with the rround raw laszt fro= 1 Lo seven

vears.

“oisture content

Owing to anatomical changes caused by drving, the moisture content of bamhoo

has a great influence on’its treatability with rreservatlvps. Fresihnlyr cut bhamboo .

With high moisture content is far easier to treat Jlfﬂ the TRoucherie urocess than

dry bamboo. . ' .

.

Moisture content in bamtoo deecrcases with the heisht of the culm from the

sround. It also varies with the ase of the culm and ths season. Tor one ﬂnﬁcjeof\

the hirhest value in August (rainy season) was nearly three times the lovest value
in June (hot drv season).. The moisture content at the base of the culm war

about twice that at the top in June and 1.3 times in Aupust. Along the lensth
of the culm the moisture content undulates, the. internodes showinm 2 to

T per cent more moisture than the nodes.

Older culms (6 %o 9 years) contain less moisture than vounerer (3 to b vears)
ones. The youngest culms (6 months to 1 vear) show tre highest moisture content.
The differences due to age, however. are not as esreat as the differences due to
:the seasons. o

0ld culms undergo considerable seasoning while still standing in the glump.
Unlike wood, bamboo starts shrinkine from the very berinninrs of drvine. This
shrinkage is, hovever, not continygous. Detween a moisture content of 7O per cent
and the baturatlon pofnt ; dimensi Gns do not change more than about 20 per cent
the magnitude of shrinkage denends on the original moisture content. In drying
-from green condition ta about 20 per cent moisture content, the shrinkage in
mature-.tulms of different species of bamboos lies bétween 4 and 17 per cent in
wall thickness and between 3 and 12 per cent in diameter. Shrﬁnkaﬁe alone the
culm is negligible, being about 0.1 per cgent. Tor the same species . shrinkage’
of mature culms is less. than that of 1mmature culms The latter often develon
cracks and collapse during the drying process.
) ‘ A “ "o

Weight

- 2"
Bgmboo and reed,are light in weirht compared to ccnstruction timber. The specific
gravity of bamboo varies from about 0.5 to N.70 with a median of about 0. (r

3/ F.A. MeClure, op. cit., ». 37.

S - 12—
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Owing to its -greater wall thickness, the basal 'portion of the culm is
significantly stronger in the modulus of rupture and allows a greater - fibre
stress at the elrastic limit, im both the green and the dry conditions. There
is hardly any dlfference in the compressive strength between the basal portion,

- the middle and the top. ' The modulus of elasticity is generallv lower for the
bottom portion. In splints of bamboo, the compre551ve strength of the outer
_layers from thé culm is higher than for the inner layers, followins’ the
. difference in spe01f1c gravltv Bamboo spllnts with and without nodes, vhen
" tested dn ‘static bendlng gave higher values ’When 'the face nearest the ﬁerlphery

was in cdmpre551on
1

K ) Physical structure

Botany ’ ;‘Aa“égﬂgwe@@”

Bamboos are perennial, grasslike, woody plants. - In botany, theyv arefan
order of the Gramineae class. Bamboo is subdivided into four families, an

 éstimated 50 genera, and over T0O species, Each of the speciés has widely.
_differins characteristics affecting its usefulness as a building material.

' The species of bamboo and reeds most commonly used in building construction
are ,2isted in anhex I.

The rhizome s
- v &,

- N characteristic feature of barmhoo is its preparlous habit. The woody
'p01nted stems of “pamboo, commonly called culms7 grow closely torether in clupps
A new “bamboe culm grows from a bud at the base of an old culm. This bud develops
and grows slowly at first until, under the stimulus of ralny wveather, the growth
accelerates till the culm is about hal#f of its full heightt - Subsequentlv, it
=slackens gradually, The growth of bamboo is fapid., about 7 centimetres per
day, and can be as much as 35 to 40O centimetres a day Growth,at this rate is
continuous for about a month. C

-

o

The basal nodes of the new-culm remain close together at.er below the surface
of the ground. -This, part of the culm grows a llttle horlzontallv so that the neyw
“culm is able to grov up clear of the previous ones. The horizontal part 6f the
negr ! rowth bears roots.and is called a rhizome. The collection of culms resultlng*

from the rhizome is called a clump. In some spec;esa the rhizome gives rise to
closely packed, d%stlnct clumps. In-.other spec1es, the rhizeme continues to grow
horlzontally for an indefinite length ‘and ‘the new upright culms are fo¥imed by
well—separated lateral buds upon it. If individual culms mature and die, the
rhlzcne maintains 1ts growth, regenerating itself and puttlng forth new culms.

Y 'The cu&m i v

L o . The individual banboo shoots cc“plete their rrcwth Wlthln a period*of fcur

. to six rionths in-the very first growing season. Cnce the maximum height is

LN attained, lignification of the culm takes place during the subsequent two to three

; " Years. The éulm reaches maturity after the fifth or sixth year or even later
depending on the spec1es. o p

| TR - The young culm grows to its full height before branchlng. Usual&y one or

D d more secondary hranches prow frcm the lower nodes of each of “the mainvlateral
: . branches (see- figure VII). The prqcess may be repeated on these secondary
e branches, so that from each node will appear tg" come a tuft of small branches.

-1k e




Pigure VII.

kGross.featufes of a bamboo éulm

{a). ‘The ‘culm :

(b) Vertical section of the eculm
(c) Branchgg of a node

(d) Cross segtion of the culm
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¢ The maximum diameter of culms, the thickness of the walls (in the middle of
an intérhpde), the length of the longest internodes. the prorinénce or otherwise
of nodes are also important characteristics. These can be noted from old culms,
Young plants or plants growing under poor corditions have smaller culms than have
mature, well-grown plants of the same kind. It is also sometimes not easv to
judge whether one is dealing with a voung or impoverished plant or with a
distinct species which never attains a larger size. »

Bamboo culms are generally cylindrical and smooth. They.are usually hollow

-and have transverse dividing walls at the nodes. (ulms may be almost, if not

entirely, solid when grown in drv localities. Solid bamboos are sometimes called
male bamboos. The culms have prominent rings at intervalc brarine sheaths, often
characteristic of each species.

Ordinarilyg culms do not bear any branchess for a considerable height abtove
the base. Some culms have very large and vprominent hranches. Others have
branchlets, but these are arranged alternately in dense clusters. Theglateral
branches and the circle of false rootlets at the lower nodes of a few species
harden into spines and give a natyral armour to clumps..

~r

‘Flowering and nroparation . ) o

Interesting Bacts have been recorded about the flovering habits of bamboos.
Many bamboos, especially those which flower at long intervals, die soon after-
flowering and fruiting. - Subsequent repenération aprears in the ensuing rainy
season but this takes some- yvears to mature into full-size culms Many -
variations from this normal practice have also been ohserved 4 India and other
countries. At times only scme of the culms of a clump flower and die while the

_ remaining culms dg not. OSome species flower annually without dving. Cases have

been recorded of tamboos of different species recovering after flowering.
Generally,- the absence. of new.culms is held to be a reliable sign of prospective
flovering in the following year but this has not been found to be unlversailv
true. .

There are two ﬁypes of flowering in bamboos- sporadic and gregarious. In
sporadic, a stray clump flowers ard seeds here and there in the bamboo forest.

‘In pregarlous flowering, all the bamboo clumps proving in the forest flower and

seed. OGregarious flovering occurs at periodical intervals of several years and
varies with the species of hamboos

Abundant naturgl regeneration follows a gregarious flowering and the soil
is' covered with-a tﬁlck carpet of seedlincs. The seedllngs develcn in due
course and clump formation is complete during a reriod of six to 12 yearsw\
deenqlng on the species. Artificial reseneration on a large,scale vas nok
resorted to in the Past owing to abundance of natur~l regeneration in the forest

" following gregarious Tlowering. In recent years, larre-scale plantations d%

bamboos have been undertaken. Regeneration by sdwing is impractical in the case
of species'that do not oftten flower or -when Tlowerines does not produce seed.
Bamboos mdy be pronagated artifieially by seed or by planting out veﬁetatlve
offsets. Direct sowings are not generally ‘resorted to. The mo:t‘conmon method is
the planting of nursery-raised seedlings. The planting of vegetative offsets is: .

‘generally adopted where bamboo plantations have to be raised on a small scale




Culm anatomy

The culm 1s cvllndrlcal and is dwvwced at interwvals bv raised nodes from
which the branches arise. At each node. is a transverse wall vwhich completelv
separates the cavity of one internode from the next. The cavity of each
internode is very variable in diamete?. In sore species, this cavitv may he
vestigial and the culm practically solid. :

The tissue of the bamboo culm is huilt un bv parenchyma cells and vascular
bundles consisting of vessels, thick-walled fibres and sieve tubes {see
figure VIII). The movement of water in the culm takes nlace throush the vessels,
The fibres are responsible.for the strength of the bamhoo. Mutrients such as '
“starch granules are stored in the parenchyma cells which f£ill up to about
70 per cent of the tissue. The vascular bundles become progressivelv smaller in
size and denser towards the periphery. The orientation of all the cells is in
the vertical direction.. The culm is covered outside and inside bv.hard waxny
cuticles which offer considerable resistance to the absorption of water,
particularly vhen dry. This characteristic is of importance when irpregnation

- by chemicals is required. ‘

, Fibres constitute 60 to 70 per cent hv weight of the wood of the bambhoo.
The fibre content is greater in the peripherv than inside where parenchyma -
predopinates. Tibre distribution is highest in the internodes situated at
one quaiter to one half the heipght 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, degree of maturitv and cell wall
thickness. -Bamboo Tibres show considerable. variation in shane, size and wall -
thickness. They are usually long and_ straight with uaperln" ends. The average
length of bamboo fibre is about 100 times 1ts diameter . ’

Parenchyma tissue percentage is highest in the hottom internodes and
- gradually decreases “tovwards the top. Similarly. the percentage is reduced
towards the perlphery and shows marked increase towards the ihside. .

The vessels. occupy only about 15 per cent of the culm. In the internodes,
all vessels are ¢riepted-parallel to the stem axis without any branching or
contact. Inside the nodes, however, an intensive branching takes place making
the horizontal transportation of liauids possible. Tn the nodes the vessels
are connected with each other by pits. As the vessels also go through the
dlaphragms 1nslde the nodes thev connect the 51des of the culm. From the nodes
some Tessels g0 into the branches. The distribution of vessels affects
preservative treatment which can take place not only through the uprver and
lover emds;but also through the cut branches at the nodes. TFrom the nodes,

) the preservatives can penetrate the culm in both directions towards the top X
= and bottom. The number of vessels avallable for treatment generally becomes !
T -less from bottom to ton :

z

- When the bamboo is dried, the-sap Dresent in the vessels drles up and the
vessels fill with air. Durins the drying process, the pits inside the nodes
close and the pit openings of the parenchyma cells are closed by their own
_dry. cell sap. These factors have a very important bearing on the preservative
treatment of dry bamboo. If a preservative is to penetrate into the vessels
it has to overcome surface ten51on and friction forces in the vessels and in
order. to enter parenchyma Cells it has to dissolve out the dried sap closirg
their plt pores or diffuse- throuph the- cell wallls. ‘

. 17—
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Diagramatic trapsverse section of part of an

internode of Depdrocalamus strictus from periphery
to the inner%wall showing greater concentration of
fibre in the peripheral.region

(Ghosh and Negi .,
" © India) ;

Forest Researcéh Institute, Dehra Dun,




Reeds, lm ‘e bamboos, belong to the class Gramineas and for the purnose of

# thls study may be defined as giant srasses (see Tigure I¥).. They are ater-
loving species. Like bamboos, thev also have vertical, cvlindrical hollov stems
strengthened at intervals by transverse se€pta ¥novn as nodes. The stem, also

e “kooum as the culm, 1s thus made un of a series of nodes ceparated bv 1nternodr

"~ The leaf blades are borne on-sheaths which encircle and strensthen the stem:.

; Host of the internodes of reed culms are hpnllow, but there are excentions.
P Youny culms of some species of reeds are filled with a snow-white nith which is
: gracdually reabsorbed. The internodes may be filled with nith which shrivels
__and shrinks on drying. - : 4 :

Some reeds cBntain,deposits of silica ir the tissue and beCOMé hard. N1l
stems contain chlorophyll in the outer cells vwhen vouns, but as they mature
they lose their chlorophvll to a larre extent, if not entlrelv

. ~

Reeds may be annual or perennial. ifost flowerins grass-culms. whether the
species be annual or perennial, die down to the base after the lapse of a vear,
but some reeds’ per51st for several years 1f they escape prass fires.

Preservatlve treatment against insects, rot and fire

}\Iee@ , S e e

‘ 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 every two or three years. With proper preservative
treatment, the life of bamhoo housing can be extended to 15 vears or longer. If
the 1ife 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 a house, the villager
might investigate various architectural lavouts and facadés. ”e might want to

N

Wlth a-permenent- structure there rlﬁbt be Food-reason to bulld an extension for

_to consider an indoor cooking facility. These consequences would ﬁreatlv irprove
the. qualltv of life of the average’ vnllaner. L . -

Protective treatments suited to the viliage level of skill snd technical
knowledge are:ds important as commercial. ‘impregnation treatments .similar to- those
used successfully with timber. Protection technigues suited to various levels of
skill and situations are available. Traditional methods which are widelv used ®
to 1ncrease the durability of bamboo cost very little and can be carried out
without any special equipment or techn1cal mnowledge. These include leaching in
water and whltewashlng Each of" these méthods increases the durability of
3 bamboo, partlcularlv against Bostrichidae and chtldae beetles. It is also often

necessary to provide further protection to bamboo with chemical preservation,
: Technlques for its application 1nclude brushing, svraying, crwabblrw3 dipping. hot
.and cold bath treatment , Boucherie method and prassure treatment. ’

'_19_ _ L - . /
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use ‘commercially available fasténers, rooflnp and concrete hlock fOUndatlon posts.

an “indoor t01let to build an indoor water supply, and v1th adequate firenroofing
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Arundo dohak;“gia
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f The most common treatment for protectlop bamdoo from Boctrﬁcwwdae and

‘Lyctidae ﬂeetle attack (see firure X) 1% to leac out the sta , surars and

/ other water-soluble materlalo from the freshlvy cuf stems by suhmqu 1 then

_in water.: Removal of starch and sygars renders the bhamboo unattractive to the
beEtles‘r‘Successful ‘application of this techniqueg has been renorted from Indl@,

l\_._., nnnnnn o Atlon Amint it oo TBhe bamboo. must be completely
D Lina 1.1.[_].]., ucuucu.t.a. grna otiner councries. J,u‘\r: Lalipuu - JNus L D& combietel

immersed in water, welghted dowvn, if necessarv for neriods ransine from three
days to three months fer freshly cut. bamboo and't&o wveeks lonser for nartlv

dry bamboo. Running water gives better results. .[Stasmant water soretimes leads .
to staining of the bamboo. Immerelon in sea water anpearsto e satisfactor

/if marine borers are absent - . '

J .
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A variety of coatings, suth as tar, llmewaehﬂ tar and limewash and tar
sprlnkled w1th sand, are used by-housebuilders 1n Indoneéla but these can _he
effectlve on&v to the extent that thev give a cowtinuous coatinm '8t cut surfaces,
exposed intemnodes, abrasions and slits. Inner wall of 1nternodeq made a

'acce851ble by spllts in the bamhoo cannot be eifectlvelv Drotected

' V4 i ! . |
Brushing., swabbing,~snrayine’aha dipping
. . : L . . | )
These surface treatments are adopted for bamboo in stoérame or before it is
> given 1mnranat10n treatments. It can also be uded 1n\locat10ns where the danger

of bloléglcal deterloratlon 15 DOt serlous ! ; .

B |

Various chemcals are recommended for fhe temnorarv nrotectlon of, barhoo.
Dieldrin 0.05 per cent .or Aldrin 0.15 per cent’, in agueous emulslon Fava almost
omplete”protection against Dinoderus beetles, for'over a yeal. ‘UDW T to
10 per cent, Jkerosene-oil and BHC," Q. 2k per cemt, were even more ‘effective.

©

¥ Spray appllcatlon is recommenoed for stacks of bamboo. r ' e
Dlpplng green and partly dry bamboo for 10 minutes in a 5 oer cent solution s

of DDT in fuel oil produced a hlgﬁly significant degree of-control of Dinoderus :

i Sibdetlie for ebout 12 months in Puertq Pico. Scaking in the same soluting for a

‘longer perlod resulte 1n‘protect10n for 24 to 30 months. BHC and DDT ewu151ons -

have a}se been-reported to have. performed satisfactorily in Taiwan. TFor e’nO°ed

bamboo,vhere rainfall ¥s likely, 011~borne 1nsect1c1des should be preferred. B s

%

o # chept for treatln larne stocks, no exnen51ve sprayirp equlpment should tre K

& requlred for Drophylactl treatment of bamboo. Hand-operated sprayers should

: ‘normally be suitable... T most effective nozzle is one which produces a dense :

L fog of the ejectéd-solutidn/emulsion. This ensyres uniformity of spread as ve]l # S
as economy in tHe gquantity of 1nsect1c1de. kL:‘\\\\g . T

1

4

. Dlnplng is to be- ‘pref redjtoosnravinﬂ as the latter leads to some wastage
of .the preservative: Dlelnw gfr~dry bamboo in hot preservatives gives vood
_,results., The chemicals " mentl’ned’above give protectlon only against borerf and .
““toféome‘extent termites. ~For\Protection apgainst fungi end borers a five-minute
dip is; recommended in a:solution containing 2 vper centrborax and 1 per cent . [
,Deﬂbachlorophenol in whlch 1 vmer\ cent is dispersed: Alternatwvelv a :
D1eldr111~PCP--CopDer emu151on mad up as follows may be used: | Dieldrin 1 oartg

H \
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Figure X.

:

(a)

(b))
(e)

‘Bamboo showing attack of Dinmoderus

Entrance ho*es&Bored_E§-the teetles. imto the surface
‘exposed by cuttlng off side-shoots .
Entrance holes bored by the beetles in the exposed
transverse section of cut ends .
Entrance-Holes in the internal wall, o;\@he internode
which-has bYéen rendered accessible to the beetles s
by cutting across the bamboo bEfore the VeRt Aode
Tntrance tunnels carried in the wall from the cut end
fhtrance tunnels in vertical and horizontal sections

2

, Larval tunnels exposed dlagrammatlcally in transverse

Section
Larval -tunnels osed diagrammatlcally In targential ™

‘Jsectlon ;after removing the inner qul

<22~




PCP L pargs, vater 75 parts7 ‘and ‘Copper Nevhthenate (1 per cent C ) 1 part.

N

In Japan. hercurj and tin compounds have also been used for protection asainst
borers agd fungi, respectively.

Steeping . o . " ' - -

Preserggtion by soaking is the cheapest and simplest chemical treatment

- method. The culms, preferably in the green.condition, have only to be kept

immersed in. a preservative solution for~ a period of five weeks or more,

depending on the species, ape, thickness and absorption to be- obtained. The

. longer reriod'of soaking would be requlreﬂ i1f the bamboo is needead for locations
contact with th® ground. Adeouate absorption in quantitv and denth can he

ig%dinedey soakiﬁg. The main disadvantaré is th%!lonp time required.

In split bamboo, the soaking peribd can’ be reduced by 33 to 50 ner cént,

-~.Penetratiom of the inner and outer wall can be 100 per cent. PRupturing the

.

outer slkin and use O£§;fﬁh tqwgerature can soeed up penetratlon Puncturinm
the nodal Dartltlon wall',” vhe*e~p0551ble, with an auger would be useful in
obtaining better:- and qulcker treatment. ‘Diffusion rates appear to_be different
for different SpeC1es of bamboos. Absorption of preservative was found to be
d11ectlv pronortlonal tor the depth of penetration. -

The soaking method can be universallyv specified for the treatment of bamboos.
for all purposes It requires little equipment and technical knovledge, provided
the schedule of fTeatment, such as the type of preservative, concentrat{on and

~pericd of goaking, is carefully vworked out. . : o

Boucherie procesg

If bamboo is required in the round shape with internodal partition wall
intact, the Boucherie process of treatment is most effective. In the normal
Boucherie process, the preservative is pushed into the gtems bv esravitv from a
container placed at. a height eof about 10 metres throuvh pipes. This method is
improved by using” 2" simole hand pump by means of which air pressure is avplied
te a container of the preservative standing on the ground. This reduces the’
period of treatment considerahly. \ : i

v

The modified Boucherie process has been adanted for treatment of several
culms at the .same time. (see flpures XTI and ¥II). The container used to hold
the treatlnp solution, which should be of the vater~solub1e type, 15 provided
at the bottom. with 51de.tubes fitted with stop-cocks and rubber tubes to which
are attached the green bamboos with branches on. In order to secure leak-proof
contsot between the riubber tubes and-the bamboos, suitable metallic clamps or
other deveies are used. The tank is also fitted with a screw cap to which is
‘attached a motor-car tube valve. The tank is filled to about two thirds of its
height with the treating solutlon and after the cap has begn tirhtened, air is
pumped through the valve, %o a pressure of 1.0 to 1. h Pp/cm . Under this pressure,
the treated, liquid forces thé sap out of the walls and senta of the bamboos

: through the open “end rand: réplaces 1t in course of time. - After a few vpreliminarv

'exnerlments, the concentration of t\e treating solution and the period of
treatment can be determined to obtain the reouisite absorption of the

Aupreservatlve\~ The-preservative liquid that-flows out-of the bamboo can be reused

"after bringing> 1t up to the requlred copcentratlon and pH.




Modified Boucherie proce‘ss for +treating ‘bamboo
showins four culms connected to rese-,rvqi’ir of
preservative a.nd hand-operated pump for applying
pheumatic pressure »
(Forest Research Institute, Dehra Dun, India)
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Figure XII. K'io‘flified Boucherie -process for tl\eating bambod
- developed at Forest Researcn Institute Dehra Dur .o
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Boucherie treating edquipment can be designed to handle as many as 500 or more
“bamboos at the same time.?’Thenigstallations are easy to transport and may even he
used in the forest. Preservatives suitable for danplication by the Boucherie
"process are given in annex| ITI. The process is, however, applicable only to
“reshly felled green bamboos, and for. the treatment to be satisfactory, harvesting
should  be done only at the time of vear when the vessels in the culm are full of
“gap.. Over-mature bamboos cannot Be treated by these methods,

Stepnine method o L . , °

Ed

When only a few culms are to be treated the Boucherle process as orlglnallv
developed may be used. The process, bhetter known as the stepping method, consists
in allowing freshly cut‘culms,'with<the crown and ‘branches intact, to stand in a
container holding the preservative solution, to a depth of 30 t0s 60 cm. Through
, tr%nsplratlon of moisture from the leaves, the solution is drawn lp the stem:

‘. The perlod of treatment depends on the species, length of the culm, climate and

preservative used. One to two weeks may be required to obtain cgmplete
penetration. ’ )

Capping method

. -

Simple adaptations of the Boucherie process may be used for the treatment )
of small quantities of bhamboo.* For example, a lenpth of bicycle tube or an inner
tube of a motor tyre, may be slimped over the butt end of the bamboo and secured
with thread to serve as a reservoir for the vreservative solution. The
_ preservative 1s then.poured into the tube, the bamboo being kept-suitably

1ncllned with its butt end up. )

”

ri1he basal internode of»the culm may i ~itself be used as a reservoir for the

preservative solution. A cut is made in the *inner wall of the bamboo to Tacilitate
penetration by the solution. a A .

: ﬁot and cold bath process”

&

When pressure impregnation’facilities are not available, the hpt and cold
. bath or open-tanl: process, similar to that used in the treatment of timber, may be
used for air-dry bamboo also. Iaoorder to facilitate penetration and avoid
cracking the walls, the nodal septa are bored through; the bamboo is-then- -submerged
in a tank of preservative 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
9Q0% C, is ‘held at that . temperatura for the desired period and then allowed to cool.
Absorptlon of TO.L kg/m3‘ere050te has been recorded u51ng «this method
| 5
When using fixed- tyDe preserv tlves whlch may Drec1p1tate on heatlng, it 1s

i beét to heat the bamboos rapidly ir vater’ and then to drop them in a tank
contalnlnn cold preservatlve solutijon. For ‘organic solvent-born preservatives
1ike-PCP, ‘the bamboo should‘be heatled 1n a4 liquid of suitable spec1flcatlon and

:then transfelred to a tank, of cold reservatlve

N a ki

‘A 51mnle tank may be 1mprOVise by cuttinp the top and bottom out of. one or,
more” drums, depending on ‘the:length |{of bamboo to*be treated, welding them together
2to form a-long cyllnder closéd at botth. ends..and cutting the cylinder lengthyise
into. two halves.. Two cvllnd 1cél op?n tanks- are thus obtalned .

’l e
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Pressure treétment"

Pressure xreatment is sultable for dry bamboos. The moisture content of green .
bamboos would have to be brought down below 20 per cent before satisfactory
penetration could be obtained with this msthod. Bamboos treated in the round may
split under the pressure. To avoid this, a hole should be bored throush the septa
of the nodesywith‘an auger. This also engsures more thorough treatment.

Both the full-cell and Lowry preésure processes used in the treatment of- timber
may be used with-bamboos. - Absorption of about 85 and 70 ks/m3, respectively, of
creosote have been recorded with these methods. In Taiwan, round bhamhoos, with
nedeal ‘'septa intact, have beén treated with agueous solutions at a pressure of" less
than, 5. P"/cm to prevent cracking. Absorption was of the same order as that
attained by one weeV s sowblng Soaklnn for five weems resulted in abaorntlon 1.5
to 2 times that obtained bv pressure treatment

Preservation for hamboo

~
Preservatives &nd methods.of treatment recommendedffer various and uses of
' bamboo are given in annex III. Borax, boric acid and sodium péntachlorophenate are
. good against borers and are readily absorbed by bamboo. The last is good arainst .
sap stains also. Because of its leachabilitv, treated bargboo should be given a
watermrenellent_treatment‘ﬁith a material such as paraffin wax or tung oil.

Fire retardant treétmentv

¢
|

- Although_ not. much-work h%s been done on the vprotection ‘of bamboo and reeds

‘_“‘apalnst flre, it is possible to treat them with fire retardant chemicals in the_same

way as wood. Thg cost, however, is llkely to be too high for—the" types of houses-
{Eenerally built of ‘bamboo and reeds. ' It is worth while to treat bemboo with the
following flre re51stant -cum-antisgptic compositions,

Ammonium phdsnhate 3 narts . ) ‘ ,
BQriC'écid Do . 3 parts . ] B ’ L
Copper sulphate 1 part’ o : :
Zinc chloride ‘ o 5 partsl ool R
Sodium dichromate 3 parts -

o Water . ... ~to 100 partsA

A fev drops of concentrated hydrochlorlc acid are added to the solution to dissolve
“the pre01pltated salts:. The pH oﬂ/the solution is about 3.5. ' -

’
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. . II. BAMBOO AND REED BUTLDING COPONENTS

P

1.

.- Shapes: full, half, split, board, mat and slab

A varigty of bamboos and reeds are used as building components. FEach of the
various shapes usually has a number of uses. For’ example, the board shane may &
be used for walls, roofs and/Plooring. The methods for nroducing these shapes
vary from the use of the simple tools of village handicrafts to the contiauous-
operation horizontal presses used in the Soviet Union which produce L0 sduare metres
of reed *slabs per hour.

Full

By far the most common shape in the full culm. Although no equipment is
required to produce this shape, several methods are used td make it sultable as
a building component. First, the culm is usually tapered at the tip end. This
is a disadvantage in close-fitting constructlon and is best dealt with v cutting
“the culms into shorter‘lengths. The cuttlng may be done with a long-handled Lnlfe,
“H chete, hand shear or power shear

N
4 L

> Mamy cdlms ere curved and this, foo, presents difficulties kn their use
as bulldlng components Generally, the curved partion is not used for framing
or in close- flttlnF construction. Curved culms may be stralghtened but the process
~1is not economical on a large scale. It consists of heaﬂ1ng parpially dried culms '
and placing them in forked pegs on the ground or pushing.them through holes cut ‘
in upright wooden posts. E

A - L o N

Half | \ -

Half shapes are produced by spllttlng full culms longitudinally. Two cuts,

180o apart, are made by knife or axe in the cross section of the culm.” Wedges
are placed in the cuts. The cuts are placed on an iron or hardwood bar and the
culm is pushed in the direction of the bar (see figure XIII). This comﬂletes

the splitting of the culm in two. The most common use of half shapes‘is in
‘roofing, where the split culms are interlapped convex and conchave to permit

rain run~off. Quarter shapes are produced-in a similar manner as half shapes
“except that four cuts are made and a cross rather than bar is used for splitting.

Split % .

The term "split".is used’ foxr any shape ‘smaller than a quarter ‘of the culm.
Generally, splits are not used as building components but are woven 4into mats or
‘made into lashing. Spllts are made from quartérs by dividing the quarter radially
or iongitudinally The radial spllts are used as cut. When longltudlnal splits.are
produced, the hard outer strip is prized open and the soft inner strip is usually
discarded. Bamboos and -reeds spllt easily with a long—handled hnlfe (see : e
figures XITI, XIV and XV) 7 :

w




7 Figure XIII. Dev1ces for spllttlng heavy culAg : R
Bt : J(A) A cross of iron or hardwood|bars (about 1 inch thick)
_ supported by posts (about U '\inches thick and 3 feet
N ) - high) is set firmly into the\éround with an ax, ’ ‘
» : two pairs of splits are openéd at richt angles to -
each other at the top ehd of mhe culm- these are ’
held open with wedges until the culm is-placed in
. position on the cross: the cugm is then pushed and
pulled, by hand, in the direection indicated by the e
arrow . - v . \ ‘
(B) and (C) Steel wedge for splitting quartered culms
(D) Block with single and paired steel wedges for
mounting on a heavy bench; adjacent faces of the
paired wedges should be slightly closer together at
the cutting edge than at the back (McCIure)

. - \ _29-
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Figure XIV. - Splitting of moderate-sized culms to make withes for weaving and
2 "lashing ) ; . ) -
Quartering a culm: L
(&) Starting four breaches at upper end;
(B) Dr1v1ng a’ hardwood cross-along the breaches to complete the
I /spllttlngJ_
) Dividing quarters radially, making centre spllnts first:
) Splitting radial divisiofls trangentially; the hard outer .
(convex) strip is best, and the soft, pithy inner (conoaveﬁ
) ~ strip is sometlmes‘af/éarded . :
(£) Long-handled knife used for (c) and (D) some workers hold &
- strip of bamboo on.the blade to-add to its eéffective thickness

when they wish to- -speed up the work (1cClure)
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Bamboo and reed boards are commonly used for flooring, walls, and even -
roofing. A board cofsists of culm that has been cut and- unfolded until it is e
almost flat (see figure XVI)Y. The full culm is cut at each node w;t(/in 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 culm is not used for. making boards. After the 4
.. culm is soréad open, the disphragms at the nodes are removed with a machete, adze

~ or spud. MeClure describes the preparation of bamboo board in Tcuador as follows: .

" "THe operator called picador holds the bamboo culm in pos¥tion on the
ground with his foot and strikes the blade of an axe into each node
at intervals of an inch or so right round the culm. The incision
in the different nodes are short and entirely independent so that
_—""the wall of -the culm clings together as a fabric in spite of the
i - great number  of splits with which it is rent (figure ¥VII). When ’ -
-+ every -unode through the length of the culm has heen cracked in this way,
‘the picador makes a single continuous split from one-end of the culm
to the other. The culm opens out and 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 fs weighted with stones to prevent
“curlifgy and the beards dry out flat. R . a

a
#
J . .

Bamboo and reed mats are made by plaiting splits (see figure XVIII).” The
. matting is used for partitions, ceilings, floors, doors and windows, and sometimes
for walls. Usually single-ply matting is used. Mats 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-bamboo consists of woven bamboo
matting glued together in much the same way as plles of wood in plywood. The most
common types-of assemblies are two or three ply, either all bamboo or with a
core of wood or plywood. Ply-bamboo mats are glued together with phénol~
: formaldehyde and malamine~-formaldehyde hot-press resins.. Casein and urea~
formaldehyde glues are also used.  One-ply bamboo is made by pressing at 30 kg/cm
and lhOO/C mats containing 15 per cent phenol- formaldehyde resin. This ply-bamboo
- gives considerable resistance to termites and weather (see figure XIX).

-Reed slabs
—_—T

Reed slabs, also known 'as reed boards, are common in the USSR, Romania, ’ .
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 péns. Generally-used as non—loadfbearinglmembefs in wall and
roof construction, reed slabs are also used as short-span roof members over A
suitable framing. Ty

-~
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.Figu‘;e XVI. Bamboo board o e '

S (4) A large-dieméter culm is opened out
o ' : as indicated to, give board (B): :
- : (C) A plaited board
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: (Forest Research Institute, Dehra Dun, Indis)
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V. G. Zez1n gives the-follOV1ng description of the manufacture of reed
slabs in the .USER: -

"Reed slabs';re rectangular blocks from reed stems. and bound
" together with wire during pressing /see figure XY/ The quality of

these reed slabs should meet the requlrements of /USSR/ State Standards.

"There are more ‘than 7O plants®n the USSR, vhich produced above
20 millien square metres of reed slabs in 1965

i ‘ "The basic laws on the preparatlon and’ application of reed slabs
“are incorporated in the 'Provisional rules on .the manufacture of reed .
slabs and their appllcatlon in bulldlng cdnstructions'

"Ihe reed slabs are manufactured in two tvnes “type A in which the
reed ste__'ere/arranged crosswise, i.e. the stems lie parallel to the .
shorter.side ¢f the slab; and type B, in which the stems are arranged '
" longitudinallyy i.e. thepstems lie parallel to the longer side of
the .slab. The dimensions of reed slabs according to the State S

S amdards are in \(in mm).
. 5 Y
= length- - " 2400, 2600, 2800
width. - 550, 950, 1150 and 15\00 ol e,
thickness T 30, 50, 70-and 100 Lo

1.6-2 mm galvanlzed~steel wires are used in stltchl

v pressed blocks ‘ e

"The distance between the frame wires constltutes from 140 to 300 mm, and 1

the distance between wire: ‘staples constitutes from hO to 180 mm dependlng
on the lefigth and-the thlckness of the slabs. % B \

"The consumption of wire per square metre of reed'élab for type A 1s
from 490- 700 grams, and for type B from 260 to 415 grams ! S

.‘:v'(

-

"The ba51c phy51cal and technoloplcal indices of Lhc reed slabs
"are given in table 1.

Table 1

‘L%\ {lf» ‘ .
ng ¥

“Thickness . Volume Coefficient of heat’ ™ Béndinﬂ
weight - conduetivity trength
mm , Kg/m3 Keal/m.pér hr.deg. © _[Kg/cm
- 5‘7 « » . .7. .o ) . - 5
70, 100~ 175-200. 0.0-0.06 Lt £o \75-1.25
30, 50 © po0-250 . 0.06-0.08 1.35-2.0
L - : g : B

"The above bending. stfength is t%;culated for slabs in which the”
reeds areg placed perpendicular to the supportlng frames: Y
4 N
\l . N ot x,; :.' B

It
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"Birfferent hand-operated machines can be used in the small-scalée
productlan of these reed slalbis, say up to 20 thousand square metres per
annum. An example of sych a machine 15 the Omskiy Harid Hachine #-20C which
was used in the construction of Collectlve Tarms in Sivéria, This is
a vertlcal machine of meriodic ‘action. During the pressing process, %he
reed ‘slabs are stitchéd with wire staples which are fixed on the
w1g§ frames Dr611n1nar1lf stretched on both—sidesvof the pressing
gauge. Special automatlc or-hand-operated npnet ihé;éﬁro used. to
prépare the wire staplcs Automatlc staple making maaxlhes drivern
by (0.75-1.0 5U) electric motors produce up to lu,OOQ staples per hour,

c

MType B reed slabs.-with longitudinally vlaced reeds are wanufactured . .
0N hand—operatad vertical machines. Thg output on these machinss depends
on the skill &f the operator. on at the averape three eyperlenced vorkers

produce 6 8 squape metres of 'slab per hour.
J ks . \

It 15 advlsabTe to manufacture thebe reed slaks\ln vower TMTres35es
‘when the énnual Productlon exceeds 30 thousand square metres.
v”Contlnuous operatlon uorlzontaW presses, AKC, KTP-~3, and Ka-2, ) B .
are used in the productlon of type £ reed slabs with transversally o
placed reeds, vhéreas vertical press B~1000 of continuous action 1s .
Jused in the manufacture of type B slabs with longltudlnallv alaced
reeds. .
* "Begides these presses, the other equipment required in this o )
production is wire»coilinq_and reédmcutting.machinesg : /"
L . T o
/"The "capacity of ARC press is about 30-sq§are metres per hour.
,A team of. 1L-15 vorkers opbrate tvo prga%es» e :

”The production technology with the KTP- -3 préqses is analogous.
to that with AKC rreceses, Lut due to the srecial cuttinpg device T
incorporated in its d651gn,»tﬂere is no nued of precutting the reeds.” ! .
Its capacity is about Lo square matera pe{ hour ‘ o s,

"The B-1000 presses for the; mhnufactuxe of tvDe B slabs have

been deSlUned incorporating the Soylet and foreign experience in this
. field. .Tnis press-is transporﬁed on .a 5 ton truck and is installed
on‘a dismantable metal supportlng atand ihe‘reeds are loaded ?
directly from the tractor to the charging taﬁle,‘thereTrom they are °
-fed in preset ‘doses to a conveyor which delivers the reeds on to a " “

¢*ting table where they .are cut to The required length. After the e e
cuutiﬂg process and prepres ging_are.gyer the reeds are ‘fed into :
@ vertical chamber where they are fln&llv pressed into slabs. The .
'~st1tch1nﬂ mechanism binds the reeds with.wire staples ‘Jhen the e !
CETEE ends are tut and trimmed.  Ready nressed slabs comé out of the '
chamber in the form Of a continuous band which moves Vertlcdllj and is
sliced into slabs of required: sizes. Th c@pacwtv of uhE B~ lOOO press
"13 above 100 square meters-per hour. ’

il -
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"It is reasonable tﬁ organize stlationary production only when
profitable conditions are availdble ﬁpr the transport of resds to the
factory and the preduce [ from the factpry. When the Treed thickets-are
_spread over large areas/the production is organized with a central

- base and a few mobile yorkshops located clwse’to the places where the
reeds are stacked. Al{.the repair shops, stores for technical facilities, -
garages etc. are located at thehééntrai base. .Presdbs and other a
‘equipment, as-well as the mobile powerkgenerators are attached to
the mobile workshops. : ! -
- &t

"After the raw materials areacousdﬁed, the mobile workshobs >

are moved away to a new place. 1 :

"The AKC, KTP-3 and B-1000 presses ican be used both in stationary

enterprises and in mobile workshops.' 4/

Reed slabs are also manufactured in villéges, where a wooden frame is used
+o assemble and compress the reeds. Reed slabs used as roofing require a cement
-plaster finish topped by a bitumen felt waterproofihg. - Because of their rough
‘surface, reed slabs take plaster readily. Both cement plaster (1:6) and lime-
(1:3) are suitable.. The plaster should be applied in twoicoats"to a thickness of
not mdre than 15 mm for plain and 20 mm.for rough cas§t. Where mud plaster is used,
it should be stablized’yith bitumen. Reed slaks. are susceptible to deedy, )
termite -attack and fire. They should be treated with preservatives and used with °
termite-resistant construction. . ! . ‘

Reed slabs, also known aé reed bpérds? have been commercially pfoduéed in
Austria under the trade name of "Esterplan’ and in India under the trade name
of “Jasboard" (see figure.XX{). } -

. - ' ,i,

i - i - ‘s ~
R % &

. Foundations
Bamboo and reed posts driven directly into the ground are = cdrmor-feature of
bamboo and reed housing. McClure states: " - I . , "f"ﬂ
. ¢ j6a . . R ' ‘ . [
"Examples of the use of bamboo. posts instead of a conveutional
foundation for| low-cost houses Lare-availablg/ in both hemispheres.
Unless they are treated with gome effective fungicidal preservative, )
however, such ~posts are not -expected to last more than two or three ., | &
years on 'the average, or five years at most under unusually, favourable
conditions. Althiough no experimental data are available, it seems
reasonable to expect that the lasting qualities of bamboo:culms set
in the ground may ultimately be extended appreciably by applying
‘pentachiorophencl in an appropriate form.... Unitl reliable and
eQOQOmiéﬁlwtreatmehts,have been developed for preserving bamboo thgt -
is frequ%nﬁlvaqﬁtﬁd 0r7i53ponstantly in ‘contact with damp earth, 1t 1s
considefied bettel to usé some material--that is more durable than -
;s untreatéd bambqe for faoundations - concrete, for example, or stone
brick, @r some durable hardwood. :
R L )

L/ ’V.?G;,Zéziﬁ; op. cit.

, pp. -8 -
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"When used as supporting posts in low-cost houses, culms should=

n have a fairly large diameter, thlck walls, and nodes (n01nto at which
’ transverse. dlanhragms ocecur). close together to give maxinum res1stan4
to bernding. Where Llarge bamboos are not availble, smaller bamboos with
suitable structural characteristics may be Lound together to make

composite pillars, 5/ .

Since bamboo and reed posts in direct contact with the earth are subject
to rapid deterioration, it would be useful to anestlgaue their protéection by use.
-of concrete encasement and ot 1e? means . . '

i

Framing’
"Next to the foundation and the roof covering, the most hasic frame
TisTthe part of @ house most often made partly or vholly of materials other
thap bamboo. (In many regions, those who can afford the difference in'cost
: prefer to use some durable hardwocd for frames. They dd so partly because
R hardwoods-make Stiffer-joints and-more rigid construction than bamboo,
J ‘ partly because a greater préstine isggenerally attached to hardwoods, and
partly because certain hardwoods are naturally much morg resistant to
= rot .fungi--and wood- eablng 1nsectu than untreated bamboo.

T . L“There are certaiﬁfcircumstances, however, under whieh the-superior
régiliency of a bamboo frame confers important advantages over a rigid
construction. In-regions where-sharp earth tremors or quakes occur
frequently, a bamboo-~framed house may surv1ve and remain sprv1ceable
longer than any other tvpe . T

_J. & .
"I the selection of 1%tur1ﬂls for the several types of structural

" elements, the characteristics of the bamboo shéuld match: the function to
be .performed, ' Only /full/ culms are tsed for the.principal parts of a
bamboo frame. The dimensions of -the ‘various structurdl elements, and

‘their spacing, are governed. bv the nature @nd importance of tbe function i

" they perform, Stiffness and ultimate strength are 1mportant 1n elements .

ot the frame. " To get- relatlvely Yniform:. diameters,. and. maximum. thickness
of wood wall (for stiffness and Strength), the upper, highly tapered,

* relatively thin-walled portion .of the culms is removed. These tip

' . cubts may be used in watﬁle and--daub partitions, or for roof sheathing, . .
" Where close spaclng may mae up for the inferior properties of the )
individual upits. }‘ . :

- "The 1nd1v1dual structural ele vents that compose the frame of a
c¢onventional . all-bamboo house correspond closely to those found in an
“all-timber frame: - Corner posts, girders or plates, joists, studs,

i struts or braces, tie ‘beams; king 'posts, purlips, ridgepoles, rafters,
’h}' = . sheathing, and so forth * The use of bamboo 1mp0ses certain llmltatlons,
' : ‘however:” Mortice and tenon Jjoints cannot ba used in framing bamboo: any
. cut,  such as ndtch or mortice, drastically reduces the ultimate strength
) of & bamboo culm The - only exceptlon is thé notch or saddlc—llke cut used

-
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"With the exception of those of certain species of Cuadua. and
of Chusquea, the culms of most. bamboos will Tot-take nails w1thout
'spllttlnF For this reason, the impinging elements are senerally lashed .
‘to each other at their intersections. In the Far ‘East the withes used
for lashlngs are commonly split from bamboo, more rarely .from-Tattan.
Where the available bamboos vleld brittle withes, tough’vines or the
‘bark of certain trees and shrubs may._be used for lashings. In some
‘areas, soft iron wire, moSt of it raiﬁaq17ed is used.” &/

&

i . ~

' Bamboo_scaffolding , ) BN

/
-~

Bamboo poles lashed together have been in use as qcﬂ{foldin” from ancient
_times. They are acmirably suited for thespurpose because Of their strength, '
resilience and shape. Bamboo scaffolding is still used extenSiyel/ in Asia, Africa
and Latin America to support the various operations of building, ‘balntlnﬁ and .repair
. ‘or -even multistoreyed structures (see figure YXIT). The platforms dh\vhlch masons
————— stand while working and.building materials are kept also often consist bf bambood
culms laid side by side @nd lashed to supportlng members. When lifting deV1ces

are not used in building donstruction, ramps constructed from bamboo often serve
for vertical transport of materials. Bamboo scaffolding is alsg erected agalnst .

summer
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Flooring

"Many bamboo houses have no fldor other than the sw&face of the
earth on which!they are built. ThlS surface should be, and usually 1s
raised: somevhat by filling with earth to prevent inundation by dralnage
wvater; it may Be-. compacted by pounding. TIf the fill is made with clay,. ’
SO much the‘petter for’ clay affords 'a relatively stable surface. The
:lsurface of a dirt floor may be made more stable by paving it with bamboo
“boards. THe 861l ‘should-first be-graded.to.provide natural drainage,) but
not compacted, before the bamboo boards are laid -in place. These may'
then be pounded with a tqmper of suitable design, to drive them into
close contact with the surface of the soil, which is compacted bv the
same operation. -

"In ‘better; housesq the floor is raised above the ground This
arrangement ig+ ore hygienic, and nrov1des a sheltered space velow the
floor, which. has many potentlal uses. In some Areds this space is devoted B
to the rearing: of wvarious domestic anlmals elsevhe re it may be used for

the storage of todls and farm’ equipment, or even farm produce. It may
provide a welcome sheltered play space for children in inclement weather.

® ”Serviceable and attractive raisad.floors may be made entirely of
bamboo, given suitable species and a sound structural design. The

. principal features in conventional design.are the supcortlng deams (part:
coof the ba51c frame) and the floor covering. . :

e N

dwelllngs to support bamboo mattlng for nrotect1on against n _and rain durlnp .
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) ”Bamb@o culms are more resilient than conventional timbers, and the I !

| space hetwaen suoports: should be reduced dccordwnglv Spacing’ oDDC‘flcat‘ODQ

must be worked out locally for the individual species of bamboo and the I '
size of the culm used. - T ? 5 s
"The floor covering may be wade of amall wiple culms, steips, or .

“bamboo boards made by orening and flattening out whole culms. When
the floor consists of bamboo bhoards, it is generally fastened down by
"“the use of thin strips of bamboo secured to the sunporting members by
thongs, wire:lashings, or small nails." T/
:

. Roofing

. B P S .
. Bamboo and reed-are commonly used for both roof framing arnd roofing. Where
tile or thatch is ubed as roofing, the sgpmorting‘frame is frequently of bamboo
or reed oo :

-

Bamboo. tile roofing L ‘ . s
o . . o L C ’
The simplest form of bamloo roof*@gﬁg;ing is made of halved bamhoo tiles
rdhnlng full length FFOm theweaves to the ridge. (see figure ¥¥III). Large~diameter
culms are split imto two halves, the diaphragm scooped out ‘and the tiles seasoned “a
- ina sheltered place, The frdmlnﬂ is of qujoo culms not less than T cm in’ diameter.
“The first layer of tiles is. laid 51de by side with the concave Fface upwards and ’
t1ed to the purlins. The.second layer is then placed over the first with the
convex face upwards, the vhiole inberloc]inn to form a pattern similar in appearance
to “"Roman pattern” or ‘'Allahabad pattern"/tiles. The minimum piteh of the roof
should‘be 30 < The’ roof, though simple, can be made completely watertlglt

-

o !
a - i -

[ 2 Bamboo shlngle TOOflnF ‘ ’_

e

T Bamboo shlngles are maae from mature but stlll green culms of max1mum diameter,
~the shlngies belng formed"bﬁ‘apllt segments 3=l cm,W1de air drlud in the shade

The maximum Tength is equal t0\the dlstancevbetween nodes. A hang%gg—sbllt 1s
prmed on the outside-of the shlnple t“the node ~nd and the tiles are fixed to

;split bamboo battens by hooking this hanglnﬂ—gbllt over them (see figure XXIV).

WOOf framing is nade7%1 culmsﬁnot less than 7 cm in diameter and the battens

voand: braulng of bamboouspllnts not less than 4 em w1de.~ Tile battens are spaced at |

l quare metre of roof r"he midum pltch bhould be 30 . . ' .

“Thatched ‘roofing’ T T o . o .
"‘Qé‘” N . . - ‘ & ) ',\
: ‘Thatch is one of the most anclent forms of roof covering. In generdl palm
leaves are preferred for thatonlnv (see flﬂure XXV). Thoughl in remotd forest

areas,,bamboz leaves are themselves us=d as thatch. Banmoo raming often forms

the base oVer which the thatch is 1aids and tled This framlxg\mav consist of

g oo

I/Afrlbid;; ﬁ.,H;
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Figure XXIII.

P

¢

Bamboo tile roof of-a hutat the Forest Research Imstitute,.

Dehra Dun, India 5 e
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~Figure XXIV.

Bamboo. shingle roof construction..
are shown at the bottom

TN

Details of one sHingle

.




Bamboo ;ooﬂ%framewqu on wooden posts;
leaf roof covering o

Figure XKV,
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vertical bamboos L0 fim in diameter laid 30 cm"apaﬁéf over whlch srllt bamboos Pre s N
securely fastened“at right angles 15 cm apart. ile straight bamboo culms are<best
for the framing, bamboo rafters and Durllns uhﬁf .are not quite straight, eitiew
1nd1v1duallv or in thelr alignment, are also ¥sed, since the straw idapts,itself
t6 the 1rrePulaILt1es of the surface. Bpllt/famboo runners: and gpars are used
aoto pln @ownrthe thatch:at valleys ﬂqd rld&i o Cee R o
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'needs make a more durable thatch thah' doﬁs straw, and a w@ll”lald reed roof. L e
18] known to last from 60 to 100 years in Lurove it it 18 cleaned every seven yvears. " .
, Thls interval, however, differs with the cllmate The lenpth of Teets usually ” .
i . varies from 1 to 3 m. The shorter 'stems - are ueed for elrcular roofs and for
‘ vorklng patterne in the thgtch, whlle the longer onesﬁ bEIIF coarser and Wess
fl°x1ble are employed for the alnlportlon of” the soof o MR

. &

Th@ method of f1x1nb is Lhe same a&’that for Jtraw roofs. The gauge ‘or "
dlstance gt which the battens are fixed- is 25 cm in this case, oiring to the, . 75 .
'j‘lncreased lengths of the stems.’ The thatch 18" secdured to the battens By laylnp the . -
_"~reede in p051t10n, and then placing a stiff runner or spar along on top parallel Lo
’¥~v1th the batte s and tvlng it firmly to the latter with tarred rone.~ The runnérs are
‘Vpldced near the top ends of the reeds, about '35 cm apart. If the _uhderside of, the
“*roof is plastered the; rope is tled to gron hooks thaf are driven into the timbers

_1qstead of being: passed round t&e rafters where it would be In the way. 2 8

c »
e e b

An old reed roof caJ be renalred wheh neces gary hy rakimg all loose;and PR

decayed réeds off the surface rand ”Halﬁycoatlnp it with a 15 -cm thlclness ofJ . S
ney material, im tlie same way as strawi~- The thickness of, a’newv roof vques from o+t s
25 to 35 em and is governed By theqp1+ch of the rafters. A pitch of MS 18, sultable ﬁf
for a 25-cuf cdat. The weight of thib type of rgof is about Lo h /m whéq ‘the rdeds R
are 30 cm thick, and 1u about the same as straw. . - '
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Reed Jboard rooflng s . e . . .

@ o . -t 3

SR Reed boards are Used as Foof covering in a ‘manner elmllar to other sheet _

_roofings: But ‘the boards are butt- ~joineéd and the roof waﬁernroofed (see - ) L e
; fagure XXVI) ‘When the reeds' span.is at right angles to- the dirsction of span ’ '
. of .the supnortlng memberg the board: 1Srcapable of carrying a substantial’lcad,
Ibr examBle a 25-mm board w1th a purlln sDac1ng of* T5-cm can carry a load of
730 kg/m"™ without exce551ve deflectlon. ‘For’ laylng & 1.5 m long bpard, the
roof framework is de51gned in the thvenhlonal manner but w1th purlin spacing
cat 75 cm ‘centres.  The reed boards”are Jdaid’ squthat “each sheet is Supported at . o
mld span and’ at éither: end by a purlin. Sheetq are butt-ended .and fixed by '
screws with diamond washers to- leber Durllns, or with J-hodks if: ‘mild steel i
purllns -are-used.N Rldglnﬁ s cut from reed, board sheets and laid with the” . .S a4
i directaen of,span’ of reed parallel to the purlins. . Adjacent Tidge panels may .
i be bound ‘together by’ galvanlzed iron.gfre. The boards are given a 12-mm cement— e
'y:sgndaplaster cover Léfore’ being waterpreofed with bltumen Telt Such a roof ey
offers excellent 1nsulauLon agalnut\heat “and cold and is Weatler proof jf . s

@
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Firé protection . of thatched houses

- Larwe numbers cf village dwellings thatched with strav, grass and palm leaves
are-burnt down every year in Indiz. Fire usually originates inside a dwelling
“but snreads rapidly through flaming or glowins fragments carried bBv .wind.
Fire-resistant treatrents consisting of impregnation vlt% ammonium salts and other ..,
chemicals are to8 costly for use in village dweéllings. ‘ioreover, thev are
~-+leached out by rain. Thev also promote growth of mould, leading to accelerated .
L phy51cal break-up of the theteh. Another method to reduce the rate of burning
of thatch roofs is o restrict the ‘flow of air througl:the thatch in the event
of 4 fire. Thls could be done by seallnp the underside .of the roof with a ’ N
ﬁén—combustlble material,- such’ as asbestos cement sheets. The use of bittumen”
stablizad mud plastér for thls purpose is under 1nvest¢gatlon at the Central ih
Building Research Instltuxe,rﬂoorlee (1967), and tegts on strawv and palmyrah palm
leaf thatch roofs show that plaoter sealed‘roofs take a, konger time to burn. : é
Whereas the fire spreads readlly on both sides of“untreatsd roofs, there is no i
~flam1ng on sthe lower surfdce qf treated roofs. - Loss of life and propverty w1th1n
»dwelilngs by externally spread;ng flre can thus be reduced by mud plaster seallng
ofgthatch roofss  The® treatment can also be applied to walling of reeds, grass,
.strawv-and- leavas The lower rate of burnlng of .treated rogfs also makes it - @ _ -

5 pproach close to the blirning dwelling to fight‘thp fire. The practics
p asférlng’fhe undeT81d§ ﬁf“fh‘“best qualltv G rEed thatch‘TOGf “heios—redace

‘the; rsts of rapld flre“spread it JURFEE ) 6

%

S

. ;Strong w1nd usually carrles glow1np and flamlng fragments even from slovly
bu%nlng roofs.” ‘Atthin-coat of stablized clay on thg exterior reduces this
danper con51derably and also helps” td prevent rapid ignition of similarly coated
jroofs where the w1ndrborne fragments settle. ,Periodic appllcatlon of the clay
wash is necessary A spray gun can -be used for the purpOse R

P . . s :
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: w &+ .- Walls”®

'+ "Thet construction of bamboo walls is subject to infinites variation,;
'lmdependlng Sn-the gErength required (for resistance to natural forces; L

such-as hurrlcanes and’ earthnuakes) ‘the protection desired|from rain ' B
and oralnary w1nds, and the need for 1ight "and ventllatlon Fither . . .
whole culms or 1ong1tud1naL halves may be .used, and” they may\be applied - )

in either horlzongal Qr vertlcal array.- They’ function more fectlvelyz

howeveér, when they are vertlcal 'snd ‘are. more durable; for th, v dry - .
‘more qulchly aftler rain." 8/ e \

’
-

Baiareque wall ‘k‘i oy k"if
[ .

“MA . form of vall. e nbtructlon widely . favoured in-Latid Mmeric
;ilsscalled ba1areque in% It is made by 'nailing or dashirg bamboo
strips or slendér culms,‘ horlzontally and at close "intgryals, to bot
sides-of hardwogd or, mofe rarely, bambto posts.. The snace betweean
S the strips €s f[lled w1th mud alone or with mud - and sﬂoﬁes /flgure XV
. During tgls ope”atlon, the bamboo strins are more or ‘'less completely
- epvered with mufl but in time” they /mav/ become eymosed by weathering.
: Thls form of co1struct10n is relatlvely massive, though Tess s0 than
walls méde of canventlonal ‘stone, rammed earth, or adobe brlcks /
‘ . PN _ Y ’ .

.

o
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:Figﬁre XXVIT,

- Whole bamboo culms plaited on bamboo. stakes farm the support

for a mud plaster finish
‘ e ) ® ’ :
7 S 2 f
i N . ” *
¥ g :
¢ K .
i . . ~52- .
. r‘;..' | ¢ . R N '
»‘ l - ., T _ e
kS ' ! : &
) i -, o
L i ‘ . . ‘
i g " N

v
e
.
.
2 a
»

5
H
ey



. Bamboo board wall . . : . R ‘ . L : I
,f A common method.of waIl construction 1n Indonesia 19 by the/use of bambco . K
® ./ board. kThese panels are placed vertically and lashed or ﬁlnncd to hotrizontal ‘
"~ round members which in turn are fitted to mortices made in\ the vertical bamboo v
%Taming noles'of the structure To make it weathertight it is covered with ; n
closely plaited mattlng Othr walls are flnlshed wlth plastar on cne. or both 0; :
Bamboo board walls are'use&‘ln Ecuador, India and other countries. If these.l"Q .
boards are stretched laterally ds they are flxed they provide a suitahle hase for .+
plaster or stucco. -As further anchorage for stucco, barbed wire may be-nailed - :
“t6 'the . surface of the Dboard. When whitened with lime or painted with, cement ’

T Tthis . exterlor 18 .WeTy attradtlve R plaitéd bamboo “boaYd As ‘also employed for . N
"'walis in Indonesia. A nDen weave is addépted if %lasterlﬂv is to be applied. . - .
Closer-woven hoard mdy be whlbewashed Dlastered or “vated with asphalt and sand ' .
sprlnLled over. A finer-weave. v@ iion is generalll¥ applled vlthout paint or .other AN

is placed on the outside.

- finish.  For extarnal walls tﬁg rd bamboo skin

- Wattle wall
- ) ' There are many Varlatlons in wattle vall coﬁstructlon Some of these are
knovn' ‘as .wattle and daub, stud and mud, lath and plaster; and sprung- strlo L .
: Aconstructlon (seq figure (XXVIIT) In-Peru and Chile, the technique is knovn as A -
f;vqulncha In a.l theSe constructlons, bamboo or reed lath is used das a base ‘for ‘
Sthe appllratlon of a mud pldster-that is applied.to one or both 51des._ Mixtures
ot clav and organlc flbre or clay and cowdung are’ frequentlv used as the vplaster.
..»The plaster may be. mlxed with 16 lltres/m :0f & D 5 petr cent emu151on of Dleldrln as |
'antl—termlte protectlon : T ‘ . w
When ‘larger full or half sectloné are used for lath the interstices o R
o dre first filled-with mud -and’ the plastez is applied after the mud has - Dartlally
“dried. Occasionally; the wall is finiched by application of cement sand plaster
and lime wash. Horizontal—lath is plaitéd between main and supplementary posts
driven into _the ground. Vertical lath is plaited betweefshorizontal members
fasténed to the mainposts. Spacing of, framlng members varles with the species

“ and’ dlameter of the bamboo and reed used . L . : o S

ffMaﬁ=wa11§M” S A el T /_ S o o e

A technlque used fbr low—cost hOﬁSluﬁ in Indone31a s the plastered bamboo R

: mat wall. Thrée types arekgenerallv tised: (19 a thin bamboo mat is nailed on

““hoth- sides of a braced fimber frame, (2) a 51ngle thlckness of bamboo mat is
‘attached to the timber or ‘bamboo frame: and (3) strlps are plaited horizontally
»_¥between vertically stretched wiresk -.The plaster is then applled to one or’both
'rﬁsldes (see figure XYIX) - The plaster used is cowdung, mud, sand, lime and
‘¢ortland cement with or without organlcﬁflbres . Bafmtoo and reed mats attached -
“to suitable framing and not plastered ére also ysed for 1light valls and Dartltlons
‘(see figure,K XXX). Such walls are also suspend/g from rafters on verandahs as

nr?tectlon agalnst sun, vlnd and rain.
. . L
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Figure XXIX. Experimental-strueture with walls.of bambco matting

, and bamboo and mud wall
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Bamboo matting is fixed to wall frames with bamboo battens
and’given a coat of coal tar for durability’ '
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Solid wall

A simple wall, used in wany Asian countries, consists of i
of reed or bamboo culn’ vlaced verticallv side by side in o frars {(ses
The wall is then made watertight by attaching closely woven mats on

2
4

snlit. sections
figure Y
sota faces,

N -

Reed slab wall

Reed slabs are used as panels for exterior and partition walle and for

. “wall insulation. These nanels are treated as non-load-bearing. The vapels are

"fThey may. be’ assembled on the ground and readily hoisted into place. There-is little

vy}'Buildinn Material Uevelopment Laboratory in Indonesia. "The stiucture tested was a -
—bamboo roof truss having a span of 6. Q m and & height of 3.0 m: e bamboo

. through 1,000-kg caﬁacity dyna-mometers. The load was applied 1n two stages first

“attached directly to frames using nails, screws or J-hooks dnd washers. The clabs | )

are placed with the culms vertical on horizontal supports sndced-at a»out 1-1.5 m >

- centres. - Adjacent slabs are butt-jéinted at the’ centre of the horizontal suphorts. I
. ‘ 1 b

. s ‘ ‘Trusses
Bamboo trusses offer good possibilities for roof framine of larser structures
_such as -schools, infirmaries, storage sheds and commercial huildings. In addition,
trusses afe used for light, brldges and in scaffolding. Because of their high
”,streAUtm/velght ratio, baﬁboo trusses offer imnortant advantages for roof framing:

“in the literature describing the use of such trusses.
& T IR Y . : -

T Lo - =T - ik 4

Oné notable exception 1s a series of tests-performed on bamboo trusses.at the

- uded (Gigantochloa apus) had a ten51on strength of 1, 060 .to 2,300 kg/cmg, and

wds about two years old. The truss wds of the "Klnppost“ type and the members. were ‘ .
~fastened using bamboo pins and "indjule’ rope with a 6.0 mm diameter and an ultlmate

tensile stength of 1,000 kg/cmg. The load was applled at the three’ uper joints -

‘up ‘to ncminal 1oad1ng -and tnen to failure. .

- The conclusions reached by the experimenter on the.basis of the tests were:

(1) failure.was caused by ylelding at the joints due to a lowy radial resistance
rather than tensile or compressive failure: (2) the deflections were considerably
greater than those based on theoretical calculatlons, {3) the location of node's

af- joints greatly, increased the strength of the truss; and (k) a safsty 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 Jo;nts .

.

S C ‘Doors and windows ' ) \

s

" "Window and outside door'openinps'are menerally kert to a minimum. ,
They may ‘be framed with Wood or bamboo. The dbors themselves may le . o
#wpod or they may be woven Bamhoo matting /see figure XXVII/ stretched on
a1 bamboo, frame, a panel :0f bamboo. boards -sét in-a hHardwood frame, or a ,
;msturdy gatellke barrlen qonstructed of bamboo hars. Doors are side- hlngedz R
and fastenings vary from the tradltlonal latch-string to lock-and-chain.... i




‘Figure XXXI.
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Plaited bamboo épli‘n.ts. of_sur érior weave
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‘ oors of bamboo matting w_oiven" on a frame and wstiffened '
) with bamboo splints L - '
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"If window openings are provided, they may be framed vith bambtoo
or wood. HMost windows.are left unglazed and unscreenzd. Closure nay be
provided in the form of a bamboo er wooden frame, covered with bamboo

matting or pQ}m—leaf thateh. Vindows are usually hinged at the top, i .
. *  when open - as they are during most of the damllgnt nours - they Lerve . (:;
. * to'exclude toe sun's direct ravs or llgni razniall At dar!s tne housc

N ' i% closed, to keep out tie "night air", geperallv consisered nnhealihfal.. . - -
P . letuallv, the closiny of houses at .nisht is justifiable on other, more

: realistic ground it prevents the ‘entrance of moqqultoes, rats, kat,
.and oihef unwelcome visitors. Permanent window bars of bamboo. many of
them palnted black to slmulaue iron bars, are flnquoptlv used. to frustrate
would-be trespassers.” 9/ - B ‘

o

R " - Pipes and troughs P B R e
> . . . " N ) N A
.. s e
% 'The culms ‘of certain bamboous, with- diaphragms retoved, serve e
. admlrably for the fabrlcatlon of nlpegoand troughs. ' 7

'"Longltudlnal halves of bamboo culms ma}’n very qatlsfgctorv L&Vé ' -
troughs. Where rainfall is light and'water must he-conserved,fj?}éiaré‘
used to. collect ralnwater from the roof and send it Into a barrel or

" .eistsm Tor storage. ! Where rainfall is heavy, thev are used ¥0 carry the

yrater from the roof to a dlstﬂnt n01nt in order to avoid cessive dampness

‘around the house. . . - - s // g/

A \L B
MUnder certain 01rcumgtances wash “wvater from the Kltchex mnay be

dlSUOued of through bamboo pipes or uroughs. For tiiz pufpose a sleping

trough 1is ‘more practical than a pipe since it. 15 mbxe easily Drepared o

and, if cloggud may he cleared w1th greater fgclllty v

”Longltudlnal halves of bamboo culms wz%h the dlnrhragmb removed
make-suitable ‘bonduits for hrlnglng water/for domest B ,use from its - o
source to the house by grav1tv In Japan, closed-pipe vater systens ; T
are constructed of bamboo but it is very dAifficult to make the JOlntg

leakproof /see figure~K”VIIg/._ T .

+

”Underground dralnage may ‘be exfected bV‘meang of bamboo DlD"S of
simple constructwon. ThHe steps in nreparlng the bamboo for such use are
(1) halving the culms, (2). removing the diapgragms frcm one half to .
make the lower section of the drain pipe, (3) cutting notches in tha _edze. of
“the othe "nalf to permit the frée emtrance off water, () trcatl e e
two halves with’ preservative (5~ to lO—percent pentachleroniench in , - .
light 0il), (5) plaecing them togeter again in their original relatlon,

- &nd (6): pinding them together with wire.” Such drains may be extendeu
o any length by placln" the smaller tlD end of one plpe into- tpe larger -

basal end of the succeedlng one. .
. 3 e . .

S

)

"To be suited. for the uses Just described, khe pamhoo eulms sﬂouldA
Have a diameter large enough tb give.the required carrvlng capac1tv,
the walls should be thlc& enough to ‘prevent, coilapse under use.” lO/

N i N
* o

Tbid., p- 5 R L .
+ Ibid., p. 6. R R R L e ‘ .
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Joints and’ fasteners

.
i

Joints between bamhoo and reed members are crucial to the assembly of
i efficient framing (see figures X'¥IV and XXXV). Joints between two horizontal
members are genc rallv simple; that is, one horizontal member rests on top of

another and the two members' are thén lashed together. ~ Where the two Horlzontal

rembers must be at the same level, a butt- joint is used.  The joint betveen a
ertical and a horizontal memher may be a saddl , butt or seated joint. A saddle
joint occurs when a horiZontal member- -rests’on top cf a vertichl member. he

top of the vertlcal member is shaned to form a saddle- for the 1orlzontul mémher,
and the-two are lashud together. In a butt joint, the srd of the nworizontal member
S is shaped to fit the vertical ‘member. The" two members mév then be lasied together. =
\ Sometimes % tongue is left at the end of the horlzontal member which i wrapped*
‘ \ ~ around the vertical member and back onto the horizontal member. .
77‘ \\ ig then lashed to the horlzontal member from which it extended. TFor hcavy-duty
. ——work, a.hardwood tendon'and key holds the two mémbers together. The seated ’
connexion uses either the stump: ‘at a node or an iaset blOCK to oupport the horlzontal
member. Both the inset block and the horizontal member are lashed to-the vertlcal
"‘member. Frequcntly, a small hpole is dri Aled in tne members to facilitate the
ashing. Where a~small diafreter horlzogtal meﬂber is framed with a large vertical
\\iémgeré a hole is drilled in the vertical member to p rmlt the—lorizontal"member=
to pass -through. The joint may then be made’ rigid-with a hardwood pin ﬂa351ng
ﬂtﬂrough both members and at right. anFles to the horizontal member.

g2
.y

The tongue

r———
2

1
:

~The w1thes used for lashlnn are commonly spllt bamboo. The withes are thin

tﬁlsted strins dver 1 cm wide and’ 60 lOO cm long. Where the. available bamboo
is unsultable, tough wines, rattan, bark coir rope and galvanized iron wire
are used. The lashing frequcntly‘outLgsts the frame (see figures XYXVI to - L)
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J01nts used in bulldlng with bamboo

(n)
(B)
(c) -

" (D)

E .
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Fitting and securlny bamboo boards oﬁ floor .
Saddle joint . ’

Use of inset block to sunnort h@rlzonta,\load bearlng
element

Use of stem of branch at nede ofg%ost to g
horlzontal load=hearing elé ent (“eFlure)'
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Joints used in building with bamboo
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Figure XXXVI.
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- Figure ¥Li-Vermin=proofing bamboo comstruction

- Left: incorrect wethod

T . Risht: ‘correct method
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. ;11
. Coricrete with bamboo -+nd reed reinforcine=—

In places =nd times of steel. scarcity, bamboo has been considered as a
reinforcement for concrete. It has certain obvious advantares such as hi~h
tensile streneth, high strength/weight ratio, ready availabilitv =zad low cost.
It has been used as cofcrete reinforcement in Japan, China qnd the “Flllﬁﬁlpe';
Investigations carried out in several countries have shown that bamboa rein Dreement
in concrete increases the ultnmate load capacity of the member cvpbldervblv above

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

of nractical limitations invoived in the use of bamboo as concrete reinforcen:

The evneilmental work in this field is summarized : fullows. Concrete
flexural members reinforced with bamboo -zhow cracking at loads materially in
excess of ‘those.to be expected from an unreinforced member havins the same

‘dimensions. Bamboo reinforcement does increase the load capacity fobr-five
tlmes at an 0pt1mum percentage of reinforcement of 3-L ver cent O the

cross-section. Above this optimum .there is no increase in load can401ty (see
figure XLI). The unit stress in lonﬂltudlwal ‘bamboo relnforcement in, concrete
members decreased with increasing percentaces of reinforcehent. ﬂue Ultlmwa .
tensilé stress of a bamboo-reinforced beam was dependerit on the avount of bamboo
and was not affected by changes in the cross-sectional area of’.a bedn for a given

tregdth/depth —atio. Members with the optlnum percentasze of bamboo reinfdrcenent

could produce tensile stresses in the bamboc from 560 to 700 kg/ém”. Increasing

“the strength of the concrete increases the doad capacities of the concrete members

reinforced with bamboo. ~ The ultimate-Toad-bearing capacity was increased by

usinz diagonal tension reinforcement, especially where vertichl shear was high.

However, it was not always possible to prov1de diagonal temsion reinforcement
in sufficient amounts in beams. Capacity coulll be increased further by bendin~ up
the upper rows of the split bamboo from the bottom «of the member, :

, Spllt bamboo showed better load capac1ty then did whole culms.—“Methods
adopted to increase the bond strenpgth between bamboo arid comdrete, which is ore of
the major. limitations of bamboo as a reinforcing material, appréciably contributed

‘towards .the maximum load canacity' Other factors observed to influence strensth

vere seasoning effects, size of’ the bamboo splints, and cnre tdﬁen in placmnv
and anchoring the reinforcement. ‘ : :

" Design of a "tee" section did-not show any adVJntape over rpectangular sections
as long as. the breadth. of the stem of the "tee" section ‘was eoual to th 2t of the -
rectangular sectlon and the effectJve depth of both yas the shme

< -

II/ “The experimental data 1ncludad in this section are based in large part
on H E. Glenn, “Bamboo reinforcement of portland cement concrete structures”
Clemson College Engineering ExperlmentzStatlon Bulletin 4 4 (Clemson, South
“Carolina, 1950)- '
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~bendoslivhace after the first craci

o e R S
I w%e Aetlections. and wide criels apopeared in bambco--reinforced councrete

‘ddubers HefrrL ultimate failure oceurretl, The deflection af beams wvhen tested
. . P .
i folluvcl\a fairly straizht line relatidn  until the first crack arpeared in

the
bly due to local
enother fairly

:cncrctﬁ.\ There was a ilattenins of the deft lacxuop curve nre
E¥s was

ther folloved

aceurate Strulﬁﬂt llne until failure
\ . . .

Using \whole bn“bOO culms of dismeter up to 3.7 cm, it was found that with , |
0 |

integral sHear cornectors there was no slipbaze of bamboo, and the load-deflectio
curve remained linear up to failure (see f cure XLII). ‘he total dcflect1on wAas
“also reduced. The load Lnﬂa01tv wvas hisher with both intesral and mechanical .
connectors,\the former being rore effective. The. method is, hovever, not llkely
to find much|use because of 'the difficulties of stabilizing and nrotecting the
bamboo and the laBbur involved in vrenarins the intearal connectors

v These- results show that the maximum load that a bamboo-reinforced concrete
pember will withstand depends on the tensilel strensth of the bamboo, the
compressive stwen"tn of the coencrete, the efiectlveneSD of the diagonal tension
re‘nLorcenent3\anq, most - importont, on thé‘bond betveen concrete and lonzitudinal

‘uﬁﬂboo relnforqampnﬂ

-

E

| - B
Tensile strenﬁgﬂ ' ‘ ‘ ~
\

Thé’ultimat& tensile strength of some species of bamboo in direct teﬂolon is

“about the same a% that of wild sgeel at its yield point. On an average, it varles

from 1,400 ke/em® to 2,800 Kﬁ/cm .- It was this high value which attracted the
attentlon of 1nve\t10ators for the uge of bamboo as reinforcement fot concrete.
However, as already indicated, the results of their investigations showed that in-
practice it is not DOSSlU%& to make use of the complete tensile strensth of bamboo
when 1t is embeddsd in qpncrete as reinforcement. Poor bond strensth between
bamboo and concretd, and the low modulus of elasticity of bamboo are the two msin
faetors which nﬁave t the effective exploitation:.of the h1wn.t9n51le strength of
deboo as a ten51le reinforcemehit in concrete menbers.

.\.

>
5

‘7

than ip flexuge\and‘ ompression. This value rances from 1-5 x 10 kg/cma to

2 x 107 kg/cm‘,uwhic,tiS’alnostfthé same as for 1:2:% cement cencrete. It suggests
that bamboo as reinf icem@nt in <£oncrete does: not contribute anything to reducing
the deflection or preyenting cracks at loads near the ultimate failure figure

for a member in which|\no bamboo is only zbout one twentieth ‘of that of mild steel.
This -lov elasticityyvglue of bamboo decreasés«correspondlnwly.the ‘value for

" modular ratio (m) of cdoncrete and bamboo so that bamboo reinforcement does no*

help in increasing the|moment of inertia (I) of a bamboo-reinforced section owsr
that of an unrelnforce one. This means that bamboo reinforcement, unlike steél
nlll‘not contribute to \reducing the deflection when used as a relnf01cement

Tuerefore the span/denth ratio should be such that the total sectlon wall take
care of the deflgct}on.\

The modulus-of'élasticity,of bamboo is slightly higher in ‘direct tépsion

n51on betwéen bamboo anﬁ concrete. From these it may - . h

ve methods-mUSt be. develowed to overcone the 11m1tatlon?
materlal ﬂ N -

dl aeMnM.uwmmlemx
be concluded that effect

pf bambod as reinforcing N K
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- Compressive strendth i ‘.

" The load capccity of bamboo- relnforced beams increased with incrcasing o
strength of the concrete for a given section. The average ultimate Birect
compressive strength of bamboo varieg from 400 to, 700 ku/cm . The correscondlng
value of '1:2:4 concrete is 158 kg/cm%. The effect of bamboo as a compressive
reinforcement does not seem to have been studied. The use of bamboo”in. doubly
reinforced concrete members may result in increasing the load cavacity.

L e - C o \? . ' i
Diagonal tension.reinforcement » . > //:;:}g,

Studies have beén made of the effect on.diagonal tension of using bamboo
dowels spaced vertically and alsc of bending the Upper rowvs of longitudinal

JUSRE S P Amant TRk S A +h o 3 1 iy 1 X
reinforcement. Both increased the load capacity and the combination proved be

ter

4
But even after providing the above type of diagonal reinforceéwent, ultimaté fallure
occurred pwing to diaconal ten51on st.resses. More effective ways of reinforcing
this zone of the member must be deveIOped This can probablv be achiéved by using
steel stirrups. -Bamboo can be more effectively used in slabs than id besms .
because shear® failure generally does not occur in slabs'. :

Bond : - ) W £y

P
An important disadvantare of bamboo as:reinforcement is its*tengency) P
already seasoned, to absorb a large amount of water present in the wet concrete,
resulting in initial swelling and subsequent shrinkage as the conérete dries out
This phenomenon; results in the development of lorgitudinal crscksaln the concrete,
which lower the load wapacity of the members, and in poor bond férmatlon betweerr
‘concrete and-the reinforcement. The cracks are more where the percentape of bagboo'
reinforcement is hirh. Green bamboo used as reinforcement also shrinks as the
concrete drleSIOut and the bond strength 1s DOOr. . s B T

A remedlal measure adopted to ¢vercome the high water absorytlon ‘and swelllnp
of bamboo embedded in concrete was the appliltation of a water—rehellent coating.
Seasoned bamboo sullnts treated with one brush coat of asphalt emuls 1on or coal
tar rave more bond stress than. -d4d seasoned untreated and unseasoned cnes. ’
Concrete relnforced with .t ed ed bambooﬂdeveloped greater load ‘capacities than that
rginforced with' untneateﬁ«bamboo EEXCess of asphalt. on the surface of the bamboo
splints is, however, 'rnnfuffk it lowers the bond between the concrete and the
bamboo. : Poor adheslon oﬂ bamboo to concrete may be overcome by coating the air- dry
bamboo strips w1th whit 1oead,1n varnish. Three coats of a ho per cenf solut10n

,of rosin in, alcohol and a subsequent coat of whité lead also prevented'water
absorption but' the coatln ,v‘ré disturbed while the conerete was beinmg rodded
and cracks developed in,tHe concrete. A mixture of 80/100-grade bltuwen and
kerosene in the ratl Al by WEl@ht may be used for the same purpose.’ Soakinv
the bamboo in a 50:50 mlxture of® llnseed oil and turpentlne for four days is also
reported to be Lisfactory”,

Bond st¥ess _between untreated bamboo and concrete has been found to ranpeufrom
. zera to 13 kw/cm . " About 50 per cent increase in bond stress mav be qbtalned by -
,reatlng ‘bambpo wath coal tar/asphalt emulsion. Bond stress values range from °
ly to‘?ﬂ kg/em™ for treated bamboo. Bamboo specimens with node’ developéd. higher-

'.”bond stress than those without, because of the uneven surface of the former

e kj~ . L n;=7u_
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De51gn and censtructlon principles © . . ' . .
)

The same Drlnc1ples as those used for, the deelgn of structural concrete
meﬁBers reinforced with conventional steed -are adopted for the desien of concrete
members reinforced with bamboo. The percentage of reinforcement used should be

- in the optimum range. Selection, seasoning, preparatlon and treatment should be
carefully carried out. Mature bamhoo, often- characterized by the brown colour
-of the culm in the clump, should be selected.  Unseasoned material should not be
sused, espec1ally in flexbre. Unseasoned bambog is reported to be gatisfaltory
in concrete which will not dry-out, as for example, in water tanks. Split bamboo
. shows better ldad capacity than do whole culms. The size of the splints is
" important. Uidth greater than 2.0 cm may lead to horizontal cracks bacause of
owellino »Whoke culms when used should also be of a'diameter less than 2. cm.
Proper spacing of bamboo is 1mportant Tests 1nd1cate that when the mains
longitudirtal bamboo reinforcement 15 spaced too closely, he flexural strength
of the member is adversely“affected Minimum - spac1np should not be less than the *
maximum size of the apggregate + 0.75 cm, or the width of the bnmbao ”
spllnts + 0.75 em, whichever is the® rreater. In placing bamboo rEIHPOrC81th
care~should be taken to alternafe the basdl and tip ends of the bamboo culms
in all rows: This will ensure a falrly unlform sectlcn of reinforcement throunhouf
. the lenoth of the membe?

. [
s B Fe : . [

&

Permissible stresses . ' s
Since the Actual stress developed in bamboo when it is-used as reinforcement

‘is -far less than in direct tension tests, Dermissible"stresses should be based

oh the -actual test results obtained on bamboo-reinforced members. Based on the

. obgserved tensile stresses in bamboo. in-concrete, a sdfe tensile stress:of

350-420 kg/cm; may be used in design. Holever,-desipgn values not in excess of.

glO»EBO kg/cm” should usually be used if the deflection of the membér is tg be

" kept under 1/360 of the span lepgth. Permissible bond stress of 3.5 lur/em” has

.béén recommended for bamboo compared to 6 k /cm fop mlld steel in 1:2:k concrete

~

3

" Belaviour of'bamboo1reinferced structures e

41mental concrete structmes9 1nclud1n" farm re51deHCes have
The condition of these
azplea51nv ampearance when v1ewed from the outside, was
) 2 &to. five years a’ter:constructlon The majority of the

-vsbructural members such as beams5 girders’ and slabs, developed cracks within

two weeks to two months after constructlap Fresh cracks generally did not
'develop after the first six months. Somef f these cracks did not affect the
'safety of the structure but some of them Wwere serious and grew larger and .larger
intil they 1mpa1red the safety of the structure. These cracks may have been duer”
.to improper plac1ng of reinforcemenits and other factors. Some cracks were the.
"result of the use of unseasoned bamboo. ~ Roof slaps were safe in most cases.
’Supportlng beamns add glrders showed cracks in peneral Smdll cracks in some

-roof. slabs were not structurally #Fjectionable but showed  leakage, and
.waterproofing had‘to be applied later. ;Deflections in beams and slabs were veﬂf
-.small ‘even -where cracks had appeared. Pre ~cast 'units used for interior. walls
Cwere Very:satlsfactory. C e .

& LS
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Bamboo reinforcement- had a tendency to'move towards the ton of the mass of
.concrete. In order to aV01ﬂ thls defect it may be- tledbto insert blocks by _
means of galvenized iron wvires. A 3.6-m roof slab using seasoned treated bamboo
was construoted with 1ntegra1 she ar, connectors as embedded rewn forcement (see
fig jure XLIII) The slab develoned cra&ks but was otherwise sound e’ the end of
eight’ years. An eYﬂelLﬂenta‘ _housg was "econstructed in Indonesia havirs walls and

" roafs of volcanic poz7olana lime conerete Teinforced 3th bitumen+coated bamboo
strlps. After six yegs, the flat roof suddenly uevelopei dan*erous c¢racks OWlPF o
to the deterioratlon qf the . Dambbo ' S
, " v : - #

.Beams, and slabs of a roo h.Z2m x 3. 01 constructed. in ”anlla using
Bambusa blu meana splints as TPlH;OTV&FGHt vere.in #ood cendition at the, lngsdﬂ-ﬁ«e
seven yedrs Bamboos. ™ ahout, six vea Old had been selected, De°sﬁned cut dnd
shaped and " the spllnts‘coatec writh  dsphalt emulsion before they were embedded ..

.in the concreté, . In the Philipnines, lamhoo is recommended as reinforcement for
. Sinall bu]ldln” sthuctures ,, vorking tables 1n‘n1tchen5,and markets, cover for
qseptle tanks, shelves,.pipes ond hollow block construction foy walls and partitions

~in small buildings. .~ ™ o ‘ L vl T

LR @

»

. Thls sums up the present popltlon wath resnect to the use of bambeoo as e - 4
T relnforcement for Ponﬂrete . o )
Phra@mitBS"gramineae reed culfis were traditipnally used in Iraq as a
" réinforcement for- lime mortar in lintels and arches before reinforced concrete
was Trifroduced. Reeds embedded in gypsum mortar have “been found to be in® . .
pe;fect condition ﬁhen exanined 40 years Jlater. R o -,
‘n - - - WYL -
R Split reeds are COn91dered as most suitable for relnforc1nv concrete.
. Adhes1on is thus amproved by ensuring contact on all sides.  The danger of rottlnp

. is also reduced b& ellmlnetlnp entrapned alr and water in the hollovs of the reed
S

{

Dry reeds ”Oakeﬁ for two to three hours in water to wet the surface withéomt %
s €ausing much swelling are considered best for reinforcement . Subaequent swelling
of the reeds is not considerecd llhelv to cause crackimZ of ,the- concfete cguse
of the small dimensions, hlﬁh transverse, compressibility and low. coeffitient of:
elasticity of the reeds. Tests on joists, 'stabs and cubee're1gfqmged w1th ree@s"“§*

. showed that the miximum load was decided by failure’of adhesign: % red congrete |
+ wand reeds. Vlbratlnv ‘the concrete improved adhesion. Strong dividing-.walls at i
the nodes, of. reedsaxncreased the bond with concrete thereby “Hegeasing tnew-M .

load=carrying capacity of the slabs. Methods to improve adheslon further must etlil
* be deveéloped. R . PR ST
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N . ’ T
) [_ C . : » . .
.

Larthquake reelstant conﬁtructlon

]

Earthquake fo#bes that a bulldlng has to w1tbstand are proportional to 1ts
weight dnd are predomlnanuly horizofital, The heavier a building, the more likely
it is to. get damaged during an earthquake. Lifhtweicht, material such as bamboo

" and reeds/'WLth a high strength/welght ratio, are therefore ;refenyed:in regions -

“where earthquakes occurs - N » R Tt
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.. L Exy erlenCe in different seismié regions of the worlkd has shown that a hovje
“built of bamboo, properly lsshed together, is earthouske resistant. In this
resr:ct barhoo is somewhat supérior to tlmozr. It has the camnzcity fo =bscrb

nore ener*v and shows larce deflections.before

ailure occurs.

structure therefore yislds readily to the vibrasticns and conto the
’ earth during an earthouake and’dces not readily collapse.’ Even n g mishap
ey o were tp occur, 1lbss .of life and ptoperty is not large because it is & liantweight
~ ..~ structure.

s ’ The use qf bamboo as a specific edrthquake material has not been develoved
¢ in comparison to timber, steel and concrete. UNevertheless, ‘the principles
o - . applicable to a timber structure could, be applied to bamboo structures also.
"« Tn bamboe frame structure construction details should be adopted at the joints
of the framine members and wall panels so thst the structure as a2 vhole behaves
as ohe unit agaihst earthiquake forces. Cxperience in India surgests that a closed
frame construction should be adopted with horizontal connecting members for the
columns at foundation level. Walls and partitions should Se wvrovided with diasonal
bracec and anchored properly to the vertical and horizontal struts. *Qbservationrs
-on the behaviour of framed structures during earthquakes in Assam have led to the
conclus1on that. the supersjiructure shouTu rest on a foundation of masonry. Small
‘one--storey buildings (50 1" )«may rest on firw sround. Hgwever, in lar-er bpildings
the posts should be.attached to foundations by means of nins or straps, bolts and
nuts. -

2

"e’ Bamboo board, matting and plastered matting walls and reed slab walls, being
light and flexible, are suitable for seismic areas. Exverience in Colombia has
showr! that the bajaraque wall constructlon, which is more massive than wattle
and, daub but less massive than rammed earth or .adobe, ]S earthquahe resistant.

LOad-bearln" adobe aﬁd heavy mud walls, which fail under relatlvelv sllght
tensile or bendinf Force, are the first to fall durlnv a seismic vibration. It .
is recommended that' a bambgo lattice should be used 1n mud wallis e strendthen them,

Brick masonry walls also have.poor res 1stahq\ to eqrthquaPe'shocks especially
« when a weak mortar such as rud.is used. In ancient~Babylonia and ‘Ur, reeds
ghbedded in asphalt appear to’ have been used as horizontal reiriforcement imsbrick
“walls., Vertical steel reinfopcement is now specified for brick masonry walls at
corners and Junctwons. Vertlcal steel at door jambs and. a iintel b&nd are also
recomnended. The use of bamboo.splints or reads in plage of steel in these

.*~, places should prove beneficial, esne01aliy‘1n 51nyle storey houses.

\

A false ceiling should be tied riviﬂly to the roof Plaster on the ceiling
should ‘be avoided or kept to a minimum thickness. Light roofing materlals are
,*advantapeous in reduc1np the inertia force at the top af bu’ld1nv Bambooltlle,
bambco shingle and thatch are satlsfactory roof Coverlnps in this re%hect

- ’ ) e ‘ o

: e Recommendations for further research : -
: i - ,

. . . “ - 1 .
Improved nreservative treatment for insegts, rot and fine

By far the most pressing need 1s research to 1mnrowf the reéwstance of bamboo
and reeds to insects, rot and fire. The tréatment shou“d be simple and economlcal

- - 13
’ . . B
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when used on a relative lV small scale, A treatment effeéctive with every smecies
of banbod ‘and reed would be preferablg to a different treatment forreach'spebiis.

A single treatment with modifications for dlfferent snecle? woull he an sccentable
e

A continuous process of several steps would be acceptable.’ The treatment should
take as little time as poszsible ot an ieconomical’, effective, treatrent of any
duration would be a gréat improvenent. The alm of the tre QLTPFt should he %o
iricrease the durability of .bamboo and reeds to 20 years., and to provide: a material

" that does not suprort its own combustion. : i

compromise. A sinsk =+ah ftreatneni—fee ;uaubbb, TOTTIENT Tire weuld be best out

Architect desigmed model houses o : o ,
. : & .

There is a great need for new designs in facade, layout and mechanical
equipment, of bamboo and reed housine, Houses using these desions should be built
“id rural hreas where they can serve as models for villasers. The nev desisps could
be sponsored by regional housimg authorities or even architects’' associations. The
= design. of* such a house would prove a sreat challenge to an architect with a '
YkﬂOVlEdFP of functional desi;n and an awareness of the potential of barmboo and -

reed’ as building material. The+new designs should specify vermin-proof, well- :
ventllated waterpooof and earthquake-resistant construction. :

B ! i
Selectidh of species for cultivation

Just ag -different species of lumber have widely variable characteristics,
cdifferent spgeies of @amboo and reeds have wide variatility in choracteristics
such as durability., strength and splitting. “Research is needed to select species’ .
for cultivation that will be used - in/building constructlon. Perhaps new snecies
can be found or developed which will Pomblne high stren*th low susceptibilty to.
~insects, ot and flre and high resistapce to splitting that will permit thée use
“of nalls, , , i B ’ ) ‘ .

] 3 v IS

Improved-methOQSJOfEfastening - ; ' . ‘ : !

A Fastener that would be more permanent, simpler to install, and make for a
more rigid joint is needed /Of course, such a fastener must be economical and !
easily manufactured.” The use of modern epoxy zlues should be invesi{izated. Metal
ring and plate connectors hﬂve vroved  their "orth in timber constTUCtlon Hollow |

. plastic T and L fasteners u51ng wedues\may”be ‘the answer. Perhaps SDe01ally J
developed screws and bolts yith rounde& toothed washers will prove most efficient: -

_Bamboo and reed particle board o . %

°

~

: U T ' X
A cheap and strong particle bedrd using bagbeo and reeds would be us seful for

..sheathing. and: forming.. Such a nartlcle ‘board should have proverties and (, -
‘chardcteristics 31m11ar to Dlyvood Such a board would find, o use in both baubqd
and reinforced concrete construction.. . - ' . é"

. ' ' ~—
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.- Dendrocalamus, Gifantochloa,
.. €astern hcmlthcr
s not tp say theat nll of the most uscful specils arg found in thest cencre.

v . / -
y " . ;
)
T N
s k Annex T
: DISTRIBU i OF SPECTES OF BAMBOOS AND REEDS
B o . BE CONSTRUCTION & )

INfﬁU:LDING
. .
(AS far =s we¢ know, most of the bamboos of sreatest uscfulness and ~reatest
Versatrllty for buildine constructlon core from a fuw ~r™ups of related species,
colled TLnLrﬂ These generd are frunalnﬂrjz,yB?mbqig, Cephalostachyum,
Meloeonnn, Phvllostachys end Schizostochyum in the
and Guadua and Chusque, in the wastern‘h;misphLYu But th¥s

\ . »

For thg purpOSg of those who wish to find =and kugp track of “the best bamboos
in any rlvgn locality, the vernacular nomes will serve better than the Latin.
Latin- names, however, arc ~c¢ne srally morc useful 1n'ﬁor1‘latin: information found
in the literature. In this cnnex, wvhich sets forth some of the most useful species
with theirllocations, sizes ané uses, both Latin end vern-cular nomes, Arc Tiven
in so far d; they are available. a

. b Benmboos

Arundinaria alpina: Alpinc Bamboo, Bambu Alpina {Itelian).
Africa; Kenmya, Sudan, Urenda, Zeaire; 8,000-10,000 ft.
.lerze stands. £ ' ’ ’
, . Culms: 60-ft by 4 in;
Use: General,

Aﬁund@nt'in

commnonly L45-50 ft by 2 1/2 in; rether thin-walled.

Uskonr, Uspar, Spa (Khasia).

India; E. Himalmyas and Khﬂsir Hills, Assam:
Culms: 12-20 ft by 1/2-1 in.’ g - & : o -
Usc: Tying thgtch e ‘ - : ;

r ) L 2 -~;~/~~ N ' & . . ',M .

3. Arundinaria elegans: Jilli (Nara) . . o ‘ .
India; % Naga Hills; 5,000=7,500 ft. : T , A '

‘% Culis: 12-20°ft by 1/3- h/s in. ‘. : -

Use: Wal}s of huts. - ' P Y , 2

!

2. ¢ Arundinarie callosa:

to 6,500 ft.

Magre,

b, Arundinaria falcata Hlmalayan,Bambbo; Ringal, Hirgal, Vical, ‘Hcrri,
Garri, Gorws, Spikso, Ninsalo, Kewi:, Tham, Utham, Kutino. o

. o - ‘ L

India: W. Himalayas. - oo 7

- Culms: 15-20' £t by 1/2-3/k in. - : C

Usc: Linine for roofs of+houses. ’ ' '

griffithiagg:'”Khnap,(Kha51ﬂ) U-Spar! '

. E. limalayas, Khasia and Jaintie Hills, Assam tq h 500 ft
12-20 fit by 1-1/2 in. . '

Tying thatch of housas.

Arundinariz

India:

» Culms:
‘Usc:

N
) o

i =81 i .
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13.

Arundinaria intermedia: Nigala (Nepal),sfarmiok (Lepcha), Titi Mawnls,
Prong Nok. -
India and Wepal® E. Himaleyes: to 7,000 ft.
Culms: ' £-12 ft by 2/5-1/2 in.
Use: WMattine to cover walls and partitions.

Arundinaria* khasiena: Wamlens, U-Kadoc Hamlonr. :
India: Khasio Hills: 5,000- &, OOO £t often cultiv-ted. ©
Culms: 40412 ft by 1/2 in. S
Uset ™ Watt¥e and drub walls of houscs. ‘ :

Arindinaris mannii: Bonens (Khasie).
“India: Jeintia Hills, Sssam: to 3,000 .
Cudms: to 30 ft by 1/3 in. ,
Usc: Withes for binding frames of houscs.

Arundinarie proinii:  Xovve, Keve, Sampit (Hamn).
~ ——Indiar Khosia, Jeintia ond Yera Hills; to @500 ft.
-~ Culms: Slundpr
Usc: Lath for walls of houscs.

Arundinaria racemose: .Mnlin-< (Mepzl), Thyun, Miknu, Mheem, Phoons, Pithiu.
Nepal and India (Sikkin); 6,000-12,000 ft.

“Culms: 5-15 ft by 7/10-1 in.

Uses: Roof construction and mottins for housces.

Arundinaria sodfhiflorﬂ Rln cal, Garu, Duo Win~al.
India: JN N Hlmal%vas, T OQO -9.,000 ft.
Culms:, 25-30 ft by 1° 1/2 in: , ,
Uses: House constructlon pipe systems. ‘

Arundinaria w10ht1ﬂn3 Ch;varl .
Indina: - Southern ond western nwrts especially abundant an the ﬁglﬁiris,
Culms: 10-15 ft by 1 in. :

“Use: Mattines. . A {

!. (A B

et e

<

Dambusa arundinaces: Thornv Bamboo,. Borua, "Kata, Yote (Assam), Ily,
Mulu (Malay), Bans, Behor Bans (B sn-ali) Jullﬁb, Vedru (Toluz u)

-

Mundray (Bembay), Bembu duri, Bambu oriduri (Indoncsia), Fhai Vuh (ql“mLSL).

Tndiaf Pantropic in cultivation!. : . ;

Culms: .25-30 m<by 15-20 cm; thick-wdll.d; commonly rather crooked;, only

1 noderntely stren~ and durable to very durakle; lower branches very
thoray. » B 2

Use: - General. - ‘

L .
Bambusa balcoon: Balku Dans (Bengali), Baluka (Assam), Boro-bans, $il Barud,
Teli- Barua, Vamnah, Beru, Betwa. ©
India: Assan, lovbr BLn"al and Blhar ’
- Culms: 50-70'ft by 3-6 in., S e,
Use: General+y very suitable for buildine and scaffoldine.

_82— ‘ . " ’ - tr
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15. Bambusa blumeuna: 'Bu;oh Duri (Maley)’, Kidza (Scman~)*BrabuDuri, Zembu

~ Ogsipes, Pring Ori, T Gesing (Java), Hour Chuchul (uudﬂn) Thei Sisan i
£ - . P ., P 0 : .
. (Siwcse), weudyan-tinPly Spiny Bamboo (TT). | o i

Maleys, Jova, Sumatra, Zornco, Thdie and Thilinpin:s (cultivoted).
Culms: 30-60 ©t by 3L in: thickiwallcd: internode 16-24 in.

. " Usec:, Geperal. ‘
. . L . i M
16. bambuéérdolichoCluﬁq Cbuﬂ* Cnlh Chu- (CWlan;) , K
h Teiwon (cultivated): ] o :
;Y. Culms: ' p—EO m by 4=T0 ecrm. - . L ) .
© User  General. T ST o . s s
- R . P N - "\ :
LT, Bambuse hpu51"n°"'ogriw T™r-h (Khasia), - to.

“Tndia:® Khasin and Jeintie ﬂl]lss ‘ssmrr and Menipur, to L,000
Culms: 30-40 ft by 1-1° ‘/) in. - : ‘
Uses ugﬂpfi; .

: <" N L - N .
18, ¢ Bambuse ultiplex: cd~e Boahoo. Filver Lewnf Bamboo, lizau ¥an fuk: (Chinese)
Mei-liens (Siamésc ) ,

. China:” Kyanstunc: to‘l,OOO’ft;‘now virtuslly pantropic An cultivation,

Cul@s: To»30 ft by 1 in; internodgs long, thin-wallcd. resistant to
Dinoderus), the vowder post beetle. . . g

Usc : She@thlrw for roofo, wattld and cpub well cons ructlon (Jamaice).

»19, Bambusa, nutana: Plchlb, lehull, J”l Ba ns', fhukial, Imkk
S ,aoshl dln"—y1n~ Uoth Béo ~b°ns,, {amalon’, Skrlﬁﬁ Jai. .
India:. Sub-Himalayan tract Fror ‘the Jumne to ussam and SlkFlm to

et et 5,000 Tt
¢ -+ 7 Culms: v 10415 1 by b4-8 em; fairly thick—wa;lud; internodes 35-L45 cm;
wapd -strong, styeisht, harli, much,éstccw¢d. ) ;
Use; "(encra l v ) " . o ]
T 20. Bﬁﬂbuca pallida: Phai Sonckham, Mni-?hiu‘(Sl w;s»). { N
.India, Thailand. . ' ‘
Culms: . 12— 13\m by 5-0 em: thick-walled. '
"Use: uencrsl U : . e . N
21. Bamhusa.pdlymorpha: Kyathaungwa (Butmese) , -Botua (Assam) , Jama Betun
' (B”nrqll) Mai-Salom (Siamesc). /o o ‘

Indie, East Pakistan; Burma and~Thailand; to 33500vf%.

' Culms: 50-80 ft by 3-6 in.

Uses: Ceneral considered one ox the best bamboos for walls’, floors ‘and .

roofs Of houses ‘ .

722.\1uambusa stunostachva Tzu Chu (Chidese). .
: Taiwan:. Cultivated. < ' : ' 4.
Culmseg . 5~2h m by 5-15 em’.: ; - s -
Use: Gdneral. ‘
o ( o . . ‘V\
.23, Ba&%usa thtllls Wonz Chuk, Mit Chuk (Chinese). ® ; . x
“tw o chine: South-eastern provinces. _ ‘
Cilms: ‘To W0 ft by 2 in; 1nternodes longish; wood rather thin. ‘

Uses: Withes for bindinu housc frgmug, matting for walls.
, o .

)

|
PO
?




2, Bambusa tulda: Tulda, Jowe, Djowz Bans, Mok, flakor, Kiranti, hatelso, Wetd

e Vamuha, a-i, Nalbans, Deo-bans, 2ijuli, Joti, Je=o, Shora, Theiwa, Thaikwo, i
e Thai Bons (Siamusg). K . 2
= Indie, East [ skistan, Burnd and mv*17qnd most -cormon’ bamboo of the rice )
country . . . A - . PN
‘Culms: 20-T0 ©t by.2-k4 in. !
A Uses: Gencral, roofln».,QCKffoldir“ matting ete,
1 2§.ﬂ Bambusa tuldoides: ?untinw—polea‘Aﬂboo, Croani-ke Chuk, Yzu-chuk (Chinesc).
. China, Haleyo, Prazil and 21 Salvador. ‘ _ o o
: Culmsx ~to 55 £t by 2 in. . L ’ .
! . & . : . N # E . LY N
v 26. Ba ,busu vulraris: Common Bouboc. Barbu {Cpanish Amorican), Buloh Minvel.laur,
- Thtal B. Gadin, sur Gadins, Pau, Fo-o, ook (Maley), uaJanh Ampol,
. : J ‘Gadine, Fring Anrel, P. Logi, . Tutel (Java), Awi ‘uwpel, A, Gadinrs,

“a

Haur, A; Konenr, A. Tutal (uudan)v fuwe Gadiear, A, Xunient,
B. Kurlng—kurlﬁ* (Sumatra), Thei Louns (Siamese), Keuayon-Kiline

(Philippines). - . i
1  Pdnptropic in cultivation, in two colour forms of cudm:® plain preen and
J § grecn-striped yellow, ) . ‘ U B}

Culms: 20-T0. ft by 2-L in;“ih&grnodes 8..18 in; wood moderately thick
L 5 and;stronﬂ; susceptible to invasion byt Dinedcrus, the powder .pdst
: beetle. ‘ )

AL "7 Usé: General. : i o
- o ' - : - . B [
27. Cephalostachyum persracile: Tinwa (Burm%so}; Lateng (Varma), Madens (Sin~rho) . "
L . : India- (Assam), Bufma and Thailand. < ’
L ’ Culms: 30-ko ft by 2-37n; ifternodes £hin-walled.
| CENAEN _ - Use: General.., ) ;
_28. Chusques SDD.; Chusquc ; Suro,’ Carrl%o ) .

Centyal and Sbuth Arerica; sppc1ally 1m Andenn Hi hl\nds, lexico to:
Chile and Argentina.
Culms: Generally long, slender and relatively week; pithy. at centre,

: o * - 7 Uses: Sheathing for roofs, end leth for watt¥e and daub walls, . .
29. Dendrocolamus asper: Bulah Betonz, B. Panchins (Malay), Kuur (Sekai),. L.
) Deling Tetunm, Jajang Bctung,.?rinm Tetung (Java), Awi Betunr, Bituns
(Suden) , Bambu Batuenr, Terins Betuns (Sumatra). "
‘ ) Malaysia, Indong81a, Philinpines and Thailand.: Much planted. ‘
N Culms: To 100 ft by 6~8 in; short lower internodes very thick-wolled.
o . Use: General. - '
30.: Dendrocalamus brandisii: Kyelowa, Waya, Wapyu (Burmese), Wekay, Yaklu (Karen).
' Mai Bongyai (Siamcse). Y ' 5
India: North-eastern hills; to 4,000 ft. oo ‘
- Culms: 60-120 £t by 5-8 in.” — : Cwy
Use: General. o
o : 31. Dendrocalamus sirantous: Wabo (Burmz), Yorra (Agsem), Thai Pao -(Siamcse)’
A ) India:  Calcu'ta, northwards to Tcncsserim in Burma, Theiland, -Ceylon.
S . Culms: 80-100 ft by 8-10 in. ‘ ’
p s . Use: General:
J . ' ;o : -3h-
"/, . . b . ke - -

s1”
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Déndrocalrrus homiltonii:
Pao (Lepcha), Kokwa (Assan), ©
Phai Hualyai (Siames:).

India, Blurma and Thailand:
Khasia Hills, Sylhet, dnst

common bamboo of theé Birjeliling

Culms Lo-60 ft by. LT in;

and rclutlvely thin-walled.
hly,gqt,qmed.

Use:, Gengral’ not ha
' Dendrocalamus hookerii: Ukotang,
) India to Upper, Burme: To 5,
Culms: -50-60 ft by 4-6 in;
1 in thick.
Use: General.

33,

a

Dendrocalsamus latiflorus:
Thailand, Teiwan =and
Culms: Tgq 25 m by 20 cm;
Use: General. ‘

Dendrocalamus lonﬁispathus
wast Pakistan, Burme “nd Th
Culms: To 60 ft by 3.k in-
Use: Generaly ‘mot highly.
when better kinds are

35.

“

Dendrocalanus mémbranaceaus:

Phai Hual (Siamesc).
Indie, Burma and Thailand:
Culms: To 70 ft by L in;
Use: General.

36.

i

Dendrocalamus merrillianus:
Fhilippine Islends .
Culms:
Use:

Geﬁeralf
. ' < .
Deriirocalemus sikkiménsis:
Vola {Vepal).
cIndia (Sikkim and F
- Culrs e 50~T0 ft by 5--T

. Use General.. .

-38.

in.

eridrocalamus strictus:
Mathan, Mat, Buru Mat,
Kiri Bidru, Sddhanspavedru,
' Throuchout India and Burw1
‘ ‘. Theiland, Commonest Ty
Culms: 5-15 m by 2,5~ 8 o
Use: Gengral, '

. 39. HMole B

0.

*Me Chu (Chinese),
Philivpines:
wells ‘0.5-3.5 cm:

“¥han:, Ornh
noteqvallabIL
Wa~ya.,

internodes 9-~15 in lonm;

Bova

18 m by 6-10 o,

?apriang

Hlm&l?”ﬂs) dnd Bhut’nj

Salia Bans ,

.

_ . L 7 .

.
_Wato- mvrt an- VL (JUT"LSL):‘Taml (Vepal),

cecha (an«~11) N 2}

,(Niki),

Ccntral ] 1 Mlwﬂs Lssan,
to urper Burma end west to Sutlc). The
I1i1ls) Teral ete.; much cultivated.
somncwint soft

Benral,

and B

internodes I“—“O in lonT”

ﬂtu m111 {&va Ui,
dbo fit.

1nt\rnocks 18~°O in.lon~. walls about

& ar -

C
Tiai Zanskum (Siamese) .
Cultivated.

internodes 20-T70 cm.

}?W~MHWWNP;;

.
“a

‘Wa-vag ijhai anmalotf(Siamese).

ailend. . ) -
1nturnod\s '10-2h iin lov:; walls 1/2 in thick.
esteemed as bulelnf matsrial  but usced

(”att)

. L]

Va-yai, YWa-mu, Tapyu (Malay),
Moist forests at lowlelevations.
‘wood. 1/4-3/8 in thick.

4 (Ilocos) . Kswayan-bayoz (Panvasinan)

1S

walls 2.5-3 cr; internode 15-2YF cn

-
(Lepcha),,waaah'(céro Hills), Tirie,

% ,000-6 000, Ft.

. - . ]

ay

ambioo. Bans , Bans Keaban, Bans Khurd, Karail

Halpa, Vedur Bhiru, Kark, Kal Wun 1l

duLW, Ty1HW<, Phai Zﬂn“ (511mcsh).,

T wics

“ooklnllndia.
vryy stron

H

AN

‘often solid

E}

xp
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| : Lo G&gént oa anus: Bamboo Apus, B. Tali (Maler), Delingi Avoos, D. Tanesool,
D. Prlng, Pring ADus, P. Ancos, P. Tali {(Java), fwi Tali (8unda), Perens
' Tali {(Madursa). . ' e
~ Java, Surinarm and Thailénd: Widely planted. '
. ) Culms: To 65 ft Ly L-f in:-internodes up to 26 in long, woed 1/b-1/Z2 4
' thick. K ’ : . B '
T : . Use: General: one of the most useful bamboos. '
. 41, Gipantochloa levis: Kawayan-vo-o, ¥. Sina, K. Puti, Roho (Tzoalos), Bddo
. ‘ Botong (Blsaya) Bolo (PT). , L )
Philippine Islands and ‘alaysin: Uild and Cﬁl*ivxfpd
Cilns: To 20 m by 15-23 cmy walls 1.5-~3.0 cng internode 09~36 cnmy very
straipght, easily wvorked. ' . ‘
’ o " Use: fGeneral. ¢
L2 Gigantochloa macrostachve: Tekseral, Madi, Méﬂvway-Wanet,;wabray. -
India (Assan), Last Pakistan =nd Burma. . - ‘ :
Culms: “30-50 ft by -2 1/7-b in. ' - 2
Use: . Beneral. -
a N\ . - . a .
W3. Gigantochloa verticillata: Whorled PBarmbco, Parfoo Andong {"alay}, Pring
Soorat Java), Andong Kakes, Awi /ndon:«, A. Jarbon r, A. Liewme 2, Scorat
(Sunda). o o '
Java.é‘ ‘ . ‘ " : ) . ;
Culmsi © To 68 ft by 6-in; internodes with pale yelloE strires; wood up’
' - to h/S in’ thlﬂk culms straignht, easily worked. 5
« Use-, Ceneral. . S - -
) : A , . 3 \ . i
4 Guadua aéuleata: Tarro (Cential America%. Lo
Mexico ‘to Panama. . S ﬁ ;
) Culms : To 75 ft by 5 in; 1 nodes rtlatlveiy shorty, wood of moderate
Anﬂrw;wnmﬁwm?,\Q thickness. ; e é% ToA
. Use:” “General. . : s ‘:' UL T
: - S - L N . )
Ls. Ghadua amnlex1folla Cauro,(Nlcaragua, Mosquito ). K s
¢ ' Venezuela to Mexico.’ e :
' hulmu: To GO ft by b in; 1nternodes relatlvply snoﬁt lower ones
s, 7 - semi-solid: : s LA
Use: General ; the least de51rable of the llsted spe ies!for the purpose,
" > but much used "in Nlcaragu 1 , ‘L
. 46. Guadue anpgustifolia: Gdadua (Colo1 bia), Cana Prava (Fcuador)
' Ecuador Colombia,  Peru and anh‘ﬁouth America from Argentlna to Panama.
. Culms:  To 90 ft by 6 in; internode relatlvely short; wood up to 3/4 in
. thick.
Uses. General most versatile of the genus. Used in nearly everv house

g ‘ . and some: houses built entirely gf itin SOTR areas ~Resistant to both'_°
rot fungl and wood-eating insects. ’

: . %
47, Guadua superba: larona.
- Brazil: Acre, Rio Purus. e
Culms: To 75 £t by 5 in. ’ ~ ‘ . Tu;ﬁ,
Use: General » oL ’ s
. . ) . , i .
-86- N
.ot . - .
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4§. Melocerna baccifers: Terai Jamboo, Muli, Metuuga (Bengali), Tarais (Assar),
T Wati (Cachar), Arter (I4kir), Turish (Yega), Watrai (Caro)., Keyeungwa (“agh),

K@g;gg;EEBurmese) Paia, Taria, Pagutulla.
© ! Inddes Tast Pakistan and) Burma. .
Culms: 50-70 ft by 1 l/° 3 in; interro&es‘l2~90 in long; straiaht,
thin-walled, but strong and dufaole

Yse: Generafi; principal Haterlal for economical housing in East Paxlctan

v

5 . »
N, |

"”‘_LQ.“ Ochlandrs rheedii : . ¥ . A

. India (Kerala). - K .
. Culms: 15-20 ft by 1-2 in; thin-valled. i .
| Use: Woven mats. o '

' \
1
|

50, Oehlandra stridula: Batali Battapass.

\Ceylon (low country'in the south}.

[ Culms: 6-18 ft by 1/2 to 3/& in. , . .
“Use: Xoofs of huts. , - B ’ ¢

-

51. Oxytenanthera abvssinica Arliiai Ch01rel SaVanah Bamboo.
_Africa: Ethiopia to Angola and Fhann. ) '
Culms: -25-50 ft by 1 1/2-3 in. o "
I Use: Geqeral o - ‘

L}

520 Oxvtenanthera albu0111ata . Phai Ral, Phai Khal (Siamese).
= o Thailand. . 7
. Cidlms: T-10 m by 1. 5 3.0 cm: wallT.O.S—l.O cny 1nternodes‘lS—hO cm.

Use: General.

’

. . B * : - *
f/ “ )
A

53.. Oxytenarthera nigrociliata: Podah (Anderan), Washut (Garb) Bolantgi Bans e
(Orissa), Lengha (Jave), Phai Phek (Slamese) ;

India, Ahdaman Islands, Burma Java and Sumatra and Thalland .-

Culmsg 30-L0. £t by 1/2 2 1n . ‘ o 4

i Usé; Geperal. : > '

A1

5L, - vallostachvs ‘aureas Buddla Babon, Hdtei—ch&ku (Japanese)‘ Fat-to Chuk

(Chlnese)\ i \ .
China’ and Japan. low cultivated nearly all over the world in temperate
e zone.  Probably most cormon exotic bayboo next to Bawbysa vuiuarls
Culms: 25 ft by 1 In. L

_ Use: BSuitable for llaht olenents of house constru;tlon» )
. L . §
55,‘APhyllostachys banbusoides: - Glant Txmbep Bamb o, Madale (Japanese), Kuei Chu, -
: Kam Chuck (Chinese). /)' .
China and Japan. Cultlvated in othgr countries.
)<;Qulms . To 75 £t 8y 6 in; straight; vooi of moderate, thickness but

e ,‘,_Vexcellent quality.’ : . [ e
V Use; ~Ceneral’ e LR
T Note: ~InChing, numerous:other Specie{ of this.genus are much used in e
: building houses ; S S . !

~

56 Phyllostachys edulls Weng $éunp Chu (thmtse)

.W,. S Taiwan. . . ¢ : - N ’
o ‘ Culms: g n by 5-18 cm. BT - ‘ ) ~ . o
s Use: .Genmeral, scaffolding. - 7 ’ - o . S A
: -87- oo T
= . Lo ' » ! -




57.

59

61.

62.

6L,

65.

s

% ‘o
Pseudost achyun -polvisorphun :
Wachall (Garo),
India (E. Himalayas,
Culms:
Uses:

Lath mattlnp,

Sghizostachun bracnycladum:
"Busa, Buloh Pelan’ (Malay)
Malaya and Philippine; I

, Culnms :
flattened. *
Uses: Walls and. flooru

Sehizostachum hainanense: T
fhina: Hainan Island.
Culms:~ To 100 ft by 1

' Uses; Lath, matting.-

uchlzoatachvum lima: Aqos.
Philinpine Islands:  Lu
Culms: 6-10 m by 2. 5 L
Uses: Mattlng, shlngle

Schizostachyum lumampao: ~La
Philippine Islahds: Lu
Culms: 12-15 n by, T 5
~ straight.

< Use: Boords:

Schizostachyum zollingeri:
B. Dinding, B. Pauh, B.’Ka
Indonesia, Malaysia and
*Culms: To 15 m by 2-10
Lasily split“and then

Uses: _Wall and floors

Teigostachyun dullopa:,
Wadru, Gyawa..
+ India (Assam) and Fast
Culms 20~30 ft by 1-3
Uses: Lath, matting.

Thvrsostachvs oliveri:
-.(Siamese).
India, Upper Burma and

Tnén

% Culms: To 25 i by 5-8
-Use: General.
 Thyr sostachvs siamensis: Ma

Thailand and Burma %

Culms

: .;trong and Straq,r:ht
» Use: General.

STt
TRl

1o

‘Bajal, Tolls
Asgdr, 51
To 50 ft by 1 1ng

Dolu'

25407 ft by 1 L/2- 3 inf; thick-walled;

Flllnc.(WeDal),'Purphiok, Paphok (Lepchal),
al (Assam), Bawa (Burmese). :
(i) and Upper Burma.

E

Buloh Lena”;

Buloh Plhlo, Buloh Padi,

lands {

To 8 cm dia.;“thlnww%jﬁédl very straight; easily split and

. o
of houses. 4=
«_. St -L"
1np Cﬁuk thlneSe)
'7

Ln; intérnodes long, thiﬁbﬁalxed.

FOR .
Lon, indoro, "Palavan, “indanéo
6 cm; walls “0.3-0.5 c"“Clntepnédes 80- 100 em.

thln latH v o .
;ap'(Bosavan) TaMblanp (Bllaran) Buho.
sz, Penay- >
P walls O h 0.6 er 1nternodes 3@ 50 cm,

T

Toe

—
e
i P

@ Wt
3 —~ o

Buloh Tul@, B. Telor "B, Palan~, B.
sap, B. Lemang, Phai Por (Slamese)
Thailand.

cm,,thln—wdllgd; internddesfcommonly to 40O cm.
flattened. - T - .=

bf houses. o

‘Hipis,

(Bengaii), Duiooa.(Assaq); Paksalu, Pogslo,

Pakl&tan e

in; 1nternodes to hO in long; thln—walled
!

ava (Burmese),
¥t

Thailand: *Tg 2,000 ft.
cm; rather thin-walled;

Maitong (Kachin), Phak Rual

‘internodes 30=60 cm.

‘Mai Huak gSiamese), Kyaungwa.

i Ruak,
i

internodes 6-12 in;

. ’ ’ ) v

Buloh Urat

S

very
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Reeds

K4

Arundo donax: Giant reed (Hitchcock)e Vara de COheta (E1 Salvador) —
Pantropic and eAtendlnc 1nﬁo mllder perts of the temperate zone 1n
cultivation.
Gulms: To-20 ft by 1 in; hollow, thln—walled the surface smooth
and shining.
Uses: Wattllng; roofing and mats foy walls and roofs.
Cynerium sagittatum: Uva grass (Hitcheock), Cana Arsva (Cuba), Cane Blanca
“(Pinamz), Cana amarga ;(Venezuela), Vara de Tusa (71 Salvadcr),
Uba (Brazil), feste Clarisse Rons)
Tropical- Amerlca Principally at 1ow elevations. ;
Culms: Commonly tq 25 ft by 1. 1/4 in: the internodes fllled w1th
pith, which shrlvels and shrlnks upon drv1nu covered with persistent
sheaths. : ~ . o
‘Uses: Walls and partitions, ceiling flnlsh, roof sheathins. Tied in
small bunches as rafters for tile roofs ‘

g 12

Ep;ggg}tes gggmgpls . Common Water Reed. -
01d: and newv worlds. F
Culms: 5-10 ft..

) N 5%31 “ . H
.Uses- Reed boards_(Austria)q thatching, ribs of ataps in.Malaya.

, e
Phragmites graminese:  Qassab {Arab) .- % A
© Iraq. . ) , : g A
Culms: 3-4 m by 2. 0—2 5 cm; walls 0.9-3. O mm thick. Thicker walls R ERIR
and stronger partltlons for northern reeds. ‘ ' -
- Uses: Roofs, wall panels, 1nsulat10n reed boards; tied into bundles 2 _ﬂ
for -column, beams and arches. Termlte res1stant ; v LR
Phrepgmites karka: WNal, Sarkanda. -
India (plains and Hlmalayan valleys to 900 m), Durma, Cevlon, extending
to S.E. Asia and N. Australial I
Culms: To 15 ft; Hollov.
Uses: General, reed. boards.
%acpharam arundlnaceum Munj. Yy . f“dff
India, Burma, Ceylon i
_Culms: -Straight, stronz .
Uses: Ualls of huts, matting, roneo from sheaths . s o
i - i) <
-' §_a999’zr9_m_spon§§_nswy Bkra. '~ : : : L
T Tndia: Westwards to the ‘editerranéan. . . - - .
~ Culms: Tall, robust,> smooth, polished. ) i
 Uses:. Reed boards (India), walls of huts. : §
Nl
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! STRENGTH OF BAMBOOS USED TH BUILDING COMSTRUCTION® P
o -Condlticon  Splint Specific Statlc berding Crushing Shear Tensile
0 g and or »gravity Fibre Modulus  Modulus strength  strength - strength
Species - Lecation Age moisture fall stress of ol paraliel paf-lu—lel * Author
- ) content - round at rupture  elasti- to grain tc grain
e elastic ::ﬂ.yz M
Limdt (kg/em’ = e
3 2
s (Years) percentage kg fem® ) ks/’cm2 3x10) jem) ? 2
. B3 .
.Dendroealamusg Dehra Dun, Avernge Green Jull Qh «'096/' 124
strictus India of 1/2 T2.2 .
to 2 1/2 - .
" oo " Kiln-dry " 0,732 668 1,139 156 . Ve "
- = . 10.6 . . » @
" " "7 3 Average Green B 2.57¢ Sk 1,05 17 - . " ‘
Tof 1 98.9 . . .
w8 ¢
- " i L ¥iln-dry " orboe 885 1,665 225 N
o Madhija ‘Average Dry " .07 8lg 1,084 176 gekhar
. Pradesh, of 1 12,7 X
India to 6 .
" " oo 0.679 " 552 B2 155 50¢ - . w
. . g . : .o -
" . " " Dry " O.EjS 658 1,118 BUL1 - 568 - - . "
N 9.8 s, , . - I
" " " " bry Splint 0.666 1.719 1,926 175 R o 2
. . 5.8 . ; . o 7 '
Dendrocalams Dehra Dun, 2 1/2 Dry Full e, S .ol,18¢ ° 183, ., 619 . Limaye
strictus {solld) Indih 13 : L . - .
* Dendrocalamus Puerto Rica 10 N 962 ° 1,017 1,709 1T 53k . T
atrictus : : ) . t o :
Dendrocalemis . Puerto Rico e 10.1 gplint C.57 % T a7 850 ’ 82 L22 L T A C Heck . d
ntrictus . . . 3 SN ; ' -
o o/ 3 - ' " :
Bambusa - 10 Al 0,58 529 918 . 1e¢ 367 .
arundinacen " \ i , » .
" Lo - 9.4 1. splint 0,502/ 363 - 682 & . 320 ” o "
*‘{ . O . (results
. ) IR ! . averaged )
.
Baxbusa -U. Pradesh, cen Green Palr . k7B ve 651 T3 . k66 e Limaye
balcoop Indin * L2 . B - e .
“Babusa Dghra Dun, Avergge, Green . o . 0631 T, 33 623 98 Ls3 . Sekhdr -
nuntans l'Imﬂu 1 toh . 95.1 v 4 N A~ . .
E—— e
" e Kiln-dry " 0.693.. Lo 869« 12k 719 N } " v
- . - 12,1 . . . Yot < i S
" Bengal, N . LB 658 1L e LI
Indin B o 5 . " o)
Bambusa: Pailippines” 7 ie . et BB @ 535 . . E;pingt%g
spinosn E . A . ’ _‘¢ Q:-Av :
Bambusn tulda. Bengal, . LA & 875 123 . . o Limaye,=
B T Todin P i K Lot FERRN
" * Puerto Rlco et 0.79% 931 1,247 . Heck :
R R : / Mo, 1,229 " ]
- "Bambusn « . Bouth N Buh oL, 8T . . o
- tildoldes . . Amgrice . - .
Bonbdg= ' Puerto Rice + = si._ 0.1, & 653 1,224 : - L T
vulgarig _ - R S ¢ - e e
Coen i G Toe Sel61 859 LT 562 veo ue
Guadua - Sogéh 0,82 . 8u3 1488 PN "
angustifolia « . America “ . -
‘iylloatachys = * thina - 0.666" 7 el 995 « jit-31 s - 123 . Chinese .
dulis = . - ; I ) publication
' N - - ) . . ! (resulta .

‘averagéd),

* . Thé informitiofi cohtaimed 1n this nnex‘'has been ob
e - ) R

3 g L |
/  Based-on oven-dry weight and volume. .
- u .

tained froo Vﬂl‘imil; souzces.
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W ’ RECOMMENDED PRDSEIRVAII‘IVES FOR DIFFERENT END USES OF, BAMBQO

- o ; o ‘“ N ) . . )
R L Aot ) . . X i
B o A\ ) . o ’ RS . . v .. - j-v;, B
- * - ; — N
. : . Recommended Concentra-* : ' Loading of" . e Expected *
L . preservatives tion of - ary che: L - Proposed service
End.‘use of bmboo s Dry . Green: ' -preserva- « ;:a.l*in . - . treatment -1ife J .
. i ‘ , oamboo bempoo - ' tiye © u8uboe” N ® 1 )
- (percentage) . kg\/{n?) e Ty L (years)
Uséiin® the open and in contact . Open tank for - a5
‘with the ground (e.g., posts, pressure process [ R
pe.le-feféing atc.) ‘ i . -
’ "‘r“ré"asure précess -
™ Mn&lfiéd boucherie - . L

“£6r'6 to B hours.or
steeping for 35.to

Usegin, the gpen but not in
contact with the. ground
(e.g., bridges, seaffoldings,
ladders etc, )

gpeh tank v
L. .p:‘qssure;ﬁroce,sg L
. 2

# Prea sure Erocess

Ttk
5 t0.8 °
b

. . , : 5t 8 . . Maﬁifi\eé ‘borchente 7
ol . T o T S% for U t6 Gshours
. h . , L N e ® T } o stenping for ¥
. - . v o . 20 to 25 days,
' & - ‘ o ' [ B - . [ . Yoy,
Use under coyer: : . B o AR
(3&2‘ House building,‘ walls, a vee R 32 £5 .48 Hot di'pping or”
" trusses, purlins, - . L, M >open tank or: °
rafters, tent poles : . o A L . .prgssurefp,ro:‘:?_ss R

~‘;etC.'

N Y

"(b) " Screens, ceilings, - boand’c e e ¢ 3
- doors and door . : . oL
* - panelling, fugniture ds e i;ldgh . 5 .

etc. : . I o BNCH S .
K ) . ‘ e : » Mo@ified boucherie

. - | ) I . for 2'tq % houn& or
; ‘ T T ‘s‘teep’ing for, 8 to
12 da,ys P

i1 : D:.pplng for ,
. gréen bamboos including , ) . ‘5 minutes, .
splluts and round ba.mboos o L e e T [
‘For eventual full-fledged . 5 R

- treatment after air<drying- ’ o -
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Listvof’nreservatiVes"
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s H

HCoal tar creosote and fuel 0il, 50: 50 bv W@é“ht.vbjh . .
In hlrhly termlte 1nfeoted areaa itéis. preferable. to add 1 ver cent dleLdrln,
: and i hlph}v decaylnp nreas l per weent nePtachloronHenol N

 CoDner chrome~arsen1c comp051flon (Ascu) BTN ' T s
A typlcal composltlon of thlq“nresprvatlve comprlses corner s%inbatc
; (Cquh, SH O),.arsenlc pento ide (AOQO§) and sodlum«or ndtass1um dichromate

1n the pronort+on of 3: lvh P !
2 . o :s;, @ ]
ition (Celéh e).-

[

prlses 1. 68 parts of éhromlm

A typ1c§ cémnosition oflphls DrEScrvatl . '
sesnue E§1de (CrEO J (equ1Vﬂlent to:2.4% parts of spdiun diciiromate), 50" parts
of copn iy sulnqate and h? 5. nazﬁs of‘%;ﬁ;ym dlchgpmate e Uﬁ' | i

a’ - F /- X s .- - i ’ L

S - ’l o
‘,Copper chromeéborle comn051tlon$ ¥ [ @

Th s consists of horig acig (H BO ) ‘coprer sulphate and.sodium or pétassium
dlchromate in the pr portlon of 1 é: :H. o s 'TV‘A' N
o . ; . RN .

fggﬁpper chrome~21nc— rsenic comn051t10n

TEn A%y 1cal composition of th;s nrpqervat1Ve comprlses\EB parts of arsenic -

» abha FH ,As0), 1/2
17 parts of sodi

'20), 25 parts of sod}um arsehate’ (Ta SHASO) , 12H O),

ad'ichromate #nd 30 pats of. zina sulphate (ZHSQh, 7n20),

* Chromated zinc ?%loride. R . St ,
This consists. qf zing, chlorlde (ZnClz) and sodium or potassium dic%%omate

¢ in-the ratlo of 1:1. ~ « . N . /
Borlc ac1d~bgrax 2.5 per cent each _ < ‘ é" o //
Copner nanhtﬁenate and zinc naphthenate ‘ J ‘éf”J
These are sélts of" naphthenic acid and should contaim 0.5 per ifnt of
copper and per cent of z1nc by weluht respectlvely / i

< . !

Dleldxln pentachloroPhenol emu151@n v ! s .

’" Dieldrin 18 per. cent~ emuls{flable concentrate, 1 part; A
PCP 12 per cent ~enulsifiable concentrate,” ™ parts; water, T5tparts by

. AP thls may b

dded COpper naphthenate (l per cen copper? in°
e,ulﬁiflable form 1lp '

by velght

c e
, 4

Water solution contalnlna “borax 2. per cent “sodium Dentac[lorophenatc
1 per cent, and gammexane (water dlsner51ble) + 1 per ceyt by welght )

i . . . L =
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b
’ TOOLS ’
" I3 ’ 3 i B
Bamboo is ﬂotorlous Fofk its uuli e effect on edged tool§ Thls effect is =0~

‘due -to the. 5111ca with whlci'the tissuks are more or less Heav1ly imoregnated.
’ The effectlveness of .eduéd qulb“w1ll be maintained at® a hisher, level; and the
tine congumed iy sharpenlnv v1ll be greatly reduced, if tqo hade of molybienum )
' steel or an equallv hard alloy can be secured for worklnp bamboo. ) .
Tools cs:enflal %o bll.ll(ill;)rr w1th ba:boo are relatlvplj few ana szwole :
In fact imanv & bamboo.house has been built with no.more tools than ﬁ;machete
But wherever the use of bamboo is to be reflnad or ¢laborated to any extent, .
additional tools are requlr%d Some. of these may have to perfdrm work neculiar
'to tne proce551ng of bamboo and, for this reasofi, would not be avaigrble at the
sources of“standard carpentry tools. The Chinese tub- and buckat-m¥ker who uses
bamboo as his rawv material requires an array of some 30 different tools and
'gadpets all of thch are employed at one gtage or another in the Weasur*np,
cuttlng, ofitting and assembling¥of the vagxious darts. ‘¥ith the follow1n A
“the. standard bamboo elemenfs for bU1ld1nﬁ nurnoifa may be hrocessed e

. . LR A‘\ -
= C Too% C . o Use ' ;_aﬂz i ’ necommended specifications
",VAdz . - . Removrnn(dlaphragm fragments ‘l Standard de51rn, ‘best- quulltv o
5 and excess. SOt Wood”at basal steel S

i

« - end of baliboo boards.” Spud . ' o T .
is mgrersonvenrentﬂ‘but the, " s )

o Vg 2

g
¥

3

Azé ¥ Fellinz bamboo ) o © Light-veight axye I
: ) Cracking the nodes-of large nght~ve:#. axe Wltn a narrow

“boards: Large size (30-60 cm);
molybdenum steel, abpout’ 3-6
“teeth per .ew ’

. .
s G . A

r holes in -culms to accdme Best steel (molybdenum steel if

Carpenter's saw

- N

»h ’ a

A

 Chisel

lashings for end ties . . ‘available); 2 ca bit . "
Drill Jakin:’héles to aééommodate - Hand or power-driven drill; motal
’ 3 ) bamboo pins or dovels .~ drilling bits, best steel, '
s ' . . assorted sizes, 2-12 mm
Remov1nr dlaphravms to make Cuvved (frort bent) 2 en and T
_troughs and dralnplpes from 4 o bits
splint or opened culms . - - g e «




o - - , _'
: Toox £, o Use
: L ‘\ - , :
- Hackgsans ; liinj T Lar~e size umole supbly of
' ' S branches, 3 "melvbdenun steel bladss, 7 .and
o ‘ *td length o s ¥0 teeth per cm .
. . ' . . s . -
‘}Hammer‘ Drivine or eytracting nails 1--2 1b, one face for nail drivin-,
i . ] ' other ,for-dail- axtractlﬁnw
. . LT - material, »dcht iron forged:
R . i proviced witn wood handle 30 om
- - - luu;,‘ - o S : e
] ‘,,“ _.‘,,‘ . - . ) ' F . s - .:'"
Hatchgﬁ or Cr cklnf the nodeg ¢f smaller S3im to the azxo, hut smaller in
s.sijall atie culms for makin: beards size and” fitted with 2 short
' - ) handle: 4 -
. ) ., 2 . L L o
" Knives ' - For splittinr~ small culms Short handle; broad blade ™ &
' ¢ I,For'making barbov withes Lons Handle, ade bevelled on 3
: L bne side only - »
‘ ¢ ‘Cuttine end trimning Verious types dﬂnendlnH on .
) T _ s ‘pre?erapc\ of user i v
. . g - ’ o ; -_i R N )
Hachete “idiscellaneous; felline band | Frefercnce of.the user to decide
stricming culms, and” cuttwn* trpe 0F blade selected’ long, -
. . them to lenﬂth, Femoving 'Lféirly heavy blade recommended )
frafments of dianhra-us Trem . . ' -
- bamboo boards etc. : 7.
N ¥ : L
Rods of . Breaking out the diaphrarms _Sumﬁcsfoa minimum: one each. of
reinfcredins . of Jnaﬁllt culms - ., 2 ¢tmbv -3 mand 1 em by 3 m. .
ateck T * . : P Other Qimensions to meet special .
- needs. Hardwood or bamboo pole
T - ray be SQbstituted
Screwdrivers ) Driviﬁg screvs - +In 1 enﬂthu of 15, 22 and 30 cin;
. e - - material , hirh!carbon. steel e
. e , ) '
SplittTng "jig ™, Facilitating Lhe SUllLtlnM-
. ) ! ' of ‘whole culus or ‘sections B o
) <, %nto several strips at once . ;
# B . N ' - . .
Spud " Remoyjnpfﬁiaphragm frasments Lonp hundlg, broad blade set at’
: LB kan@_exgegswgoftwood a+ basal an anple to” “operate parallol
. . end of bamboo ‘poards ' w1th surface of hoard™ T .
- N 3 nto=
¢ Thatching needle* Bewing reed thatch - I thatc‘inﬂ'needle may bé- made -
. ' ’ DT rrom a L0 to h5-cm length of -
. = . , heavy naupe fenc1nﬁ'w1re as
) e B follows: & one end'is filed to a
* , rough. point. and the othér is L
. - TR B beaten flat so that a 5-mm hole =
PR S ) . . can be drllWed to fonQ}the eye B
a . “ T R - X S .
- g ‘ ¥ SN -~ . oo
" .
f‘ . _9)4__“ ' r‘ v. s
vt - ‘ T L
. . . . .




o Tool
" Tripdaé;or T
,trestlés
fﬁﬁetstoﬁe A

. Wire pincers

;Moou rasps

s " .,
.
» . . N
. 3
,
o bty - ) .
«ls :
e e .
> H - .

LdJevatlnT culmq and’ holdlnp

then firm for ‘sawing to f-ﬁ
lensth, crachlnu ﬂoded -

§

S L SR s
 SHerpening édded tools O

r . - .
B B +
b

For nandling wire ubed for. -

lnshingg . B SN
o lag Jo - SR )
' " f»' 2o . *
. v . - - "_ ¥ a
e . R . ‘ V. <. S

e : _«95__ CRN

Levelling prominent cplm'nbde° ”Lar

] Cen T : L TR

Carboruxddm; cospse--rained .on -

ong, sidé, finc wn.the other i
PR - N A L .

Rl

COﬂVentidﬁil‘tYﬁgDWi*H lone |
ngrrow  javs mﬁxrxecuﬂ1m,ﬁ
festure ’ :

51ze, “¥+h onc {lat §ide. , L
. .

one vorvv“ Jhoarsg, medium _
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. ) HOW TO OBTAIN UNITED NATIONS PUBLICATIONS : KR b o
. ‘ Unned MNations pubhmllonsfmoy be obtumed from bockstores und distributors !hroughoul . ‘o
the world. Consult yaur bgokslore or write to UmrEd Notions, Sales Section, New York P ]
. or Geneyo. . . o . P -
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COMMENT SE PROCURER LES PU%I;ICATIONS DES NA‘;IONS UNIES

.- Y . .
Lés publications des MNations Unies sont en vente: dans les. librairies et les ogences ) T -
dépositaires du monde entier. Informez-vous auprés de votre libsairie ou adrgssez-vous a:

Mations Unies, Section des ventes; New York ou Genéve.
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