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. * This pubheation Wwas originally prepared and puhlished at. {P ""'r/quest of the /
by Department of Housing and Urban Development (HUD) by the U.S. Department
of Agnculture under the Pomt Eour___Programier_th' e of those actively e
smeiit of the use of_bamboo. o
. * N
L m-Quate, former United States
1 _Ifor permissmn to reproduce his . -
-'--_'photograp s W |
' _‘-I_iesearch 1viaion, Agneultural Rese e
:--of-Agric Iture, for perm.lssion to use : Tt
‘Beckwith supplied the yhotogmph of theid L
which-is used as the ‘frontiepLece, it was ongmally puhiished m Bavid Falr- S
' iLchild's book The World GrowsaRound My Door and permnssion to reproduce . L—

“to Quote extensively from his bulfetin, Baﬁzboo Reinforce}:aent of Portland. Cement

__':-C'oncrete Structures. Vn'g'll C Pettit prepared f,tﬁe lme drawinge thaf bear hia
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.environrhent barnboo LS a natural feature s
have amply demongtr ted‘ {ts claim to a spesﬂ__'______
cial place in their evelryday life, -

- As techmca.l coopératwn contifues to
smg]e out spet:les with outstanding utility,
and to dis sem‘inrte them more widely, along
with the old skills and |the new techniques ..’
essential to theilr practical use, thé lot of

" many now underj r1v1lelged people will defi-
fut'ely be improved. With a few plants of
superior bambogs in the backy&rd a fa.mlly
‘will have at ‘hand| the wherewithal to.fence
‘the garden, build{a pigpen or chicken coop,
or add a roorn toithe house. They wlll also

__-_have the means of augmentmg their d&lly

,income by makmg baskets or other special-

:ﬁe‘ratmn have “been under way Ior - =~ ties’ in spare fime for sale or exchange at
years ‘and some of them ha.ve de\sfm- "~ the market. ] L
: oped to a. pmnt where bamboo's multifo 1If techniques,of Inrge-scale mechamz.ed

h uscful‘ness has become obkus und challqng- . utilizatién can be developed—as for example,

quahnes of bamboo and areé b mgmg about a
' broad sharmg of the vanetles 'I"I bumboc»and

ﬂ
—

_ ‘in the\manufacture of h;lgh-qua.hty papers and -
L ’ ) rayon—hew mdustnes aq_g"mcreased natxonal
whos' potentul can be harnessed in the s r- ~, income may be brought to underdeveloped _
vice of the humble as well as the great In = lareas.: It is with t&lese/prospects in v1ew T
—its idaptabi ity' to human needs, it has few - --—— -that bamboo-is- eih&used_as_one_ofihehuem

“hicles for unplemi-ntmg the’ Pomt Four pro-. .
" gtam.
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b _ ! B e
Parts of a Houge for Which B&imbdos Are Suitable \
4 . B
Bdmboo may, be used alone to, make all ’ perior knowledge of, and devotion to, the\ﬁ
.- party 0[ a honse 'except the firéplace and the - principles of functional design with an
chu-m\ey Under most conditions| however, awareness of the possibilities of bamboo i « - .
bamboo'g.s actually combined with other as a building material of strength and | E
bu'flding "h-laterials sﬁch as wood, cla}r' ]irne' beauty. Being an artist as well as an ar- \'\
cément, galvamzed iron, and pa leaves, chitect, he will appreciate the aesthetic Y ) A
qccordmg 'to their relative suitapility, avail- qualities of bammboo and its versatility as ‘ !
. Ability, and cost, / o, they have __been demonstrated id each area . :
o _ / . The use of bamboo elther as a primary, where its use has been lifted to a high plane.
; secondary, or occasional source of building Given the right inspiration, the opportunity
" matérial is common only in areas where . to travel and to StUdY the best examples of
* suitable bamboos" grow ‘in suffitient abund- the use of bamboo m building construction,
_ ';;'.'aru:e. Importance ‘of bamboo m any given " and the cooperatlon of persons who know : .
.area usually is de'ter}nned ch;efly by the the bamboos and the techniques of using -
“économic level of the co?nmon, people dnd them, he will be ablle to synthesize the'
by the CO'S‘ f other more durable mater‘]— bESt features of bamboo with the technical- :.
“als, "Struc al soundness ad quate to'the . improvements sug%ested by his Western R
. exigencies of lc:té‘\lbccmch'aons‘.i 1s;c9mr_nonly. . background in functional design—and so - . !
. achiewved with bam o, but a general"'nimnot- produce for each cultural area a series of’ i "-1
- ony .of des:gn and a medlocr level of exe- designs and plans that will be a credit: to ' ;
‘cutlon chnracternze bamboo houses m many "~ the architecture of our age o
areas. Ih certain cultull'al ai-eas however,_ I Bamboo has several characteristics
:and espemally at hlghen ecopomu: levels, . that make it a suitable and economical
" as arnong. the well- to-do clajsses of Japan, - : building material for house constructmn, . o
~—Java, and—M&lays-&a -b-a-m—boe—:-s—employed——m ——a6-wgll as-for-the scaffolding (fig. 1) that R R
" ~architecturally in ways that are .distinctive _ fm:lhtates such construction: ' :
- and basically artistic. Cohen indirectly '
.- alludes to,this recogmtlon of bambod's o l." The natural umts or cnlms as
.'__'specml virtues: *‘The prmc;pal post in a ~ they are called, are of a size and shape
Japanese house- characterizes the house - =~ - that make handlmg, storing, and pr 0“55“18
. with regard to quality and construction. - iboth convenient and ecohomital. . : : o
. The:roof members arc trussed to the post, 2. The culms have a characteristic Pk ﬁ\ L
.and enable a properly €onstructed house to . physical structure- that gites them a high. | ! R
_ _stand up to earthquakeés and tremors. ‘The IStre“Bth weight ratio. They arexround or i e
‘writer has seen many houses in which the nearly so in cross section, and usually S !
'prmclpal post is of stout bamboo, or in ' - © hollgw, with rigid cross walls s‘trateglcnlly P
" which a stout timber post is. given more - -yplaced to prevent-collapse on bending., - . Lot
character by being fdced with'bamboo. w1/ L Yhthm the culm walls the strong/ hard ;
. = It-is my expectation that an architect ' | :\tissues of high tensile strength are most |
_-w.i-llﬁ pneqe.ntly',appear who gdmbines a su- Y 'a_h:ghly concentrated rnear the su:;[ace. In

this position they can function most effi-
—7 . N I : ciently, both in giving mechanijcal strength
_ _/ W. E. Cohen. Utilization of Bamboo - ~ and in forming a firm, resistant shell. -
“inJapan, p. 1. ‘Gommuonwealth of Austraha " %3. The substance and grain_ of bam-
- ‘Seientific and Industrial, Regearch Orgam- boo" ‘culms make . them easy to divide by | : .
' zatlon.. South Meﬁbourne Ausgtralla. Aprll hand mto qhorter p1eces (by sawing or © | ' L
l :

%
H

e

l‘?'ﬂ-? T . T choppmg) or mto narrow strlps (by split-
.-‘ o FE ) -_JJ . _ |




S : :
4, ting): No c‘ostly machines, only su-nple _
“ tools, are requ:red : ey

. : Y w . K
barmpboo, partly because a greater pres-

] tige is denerally attached to hardwoods, .
4. 'I‘he Aatural surface of most bam-,, - and partly becapse certain hardwoods /
boos is clean,. hard, and smooth, with an =~ ' ; .
attriggtive color when the culms are prop-

erly aatured a"nd seasoned. -

L

urfreated ba.mboo L7 - - .

5 Bamboos have little®waste, and no | ' here certain c1rcumstahces
bar‘k to remove. . _ | - how ver, under which the superior resul- |
' * ' ' : » iencyofta bﬁfnboo frame confers impor- ' .-l' -
: Foundation . tant advantages over a ngld construction,
A Examples of the use of bamboo posts R In regigns/where sharp earth tremors or
instead of a conventional foundation for . ¥ quakes dgcur frequently, a bambootframed
- low~cost -houses may- be seen.in both hem-' house' mgy survive and remain service-

1spheres (fig. 2): Uﬁless ‘they are treatéd = ) %;gmlftn ek than any other type (fig. 5).

 'with some. effectwe fungicidal preservative, e s&lection of materials for tHe -’

g however, é\u‘:h P°5t5 are;not expected to _ . ==hﬂh"m%'.=.n‘:w:rét types of strictural elements, the
_ ‘last more- than two ot three years on\the. _ charadteristi of the bamboo should match - '
- average. or (we yeavé at most under un- - R the fu.rii:tion to be pegformed. Only whole
_-usnally favorable F/nd“IP“’S “Although \ '.culmsé are used for the principal parts of

ne expenment}l data‘are available, it . -\ 3 bamboo frame.\The dimensions of the -

. -seems reaa’bnable to éxpect that the. last- \ various strﬁctural elements, and Yheir—

“ing: qualitles of. bamboo culms sét'inthe . { . '3 spaclng. are governed by the nature and e

ground may ult1mately be extended appre- . . \1mportance of the fungtion they per“form.
iably by applymg pentachlorophenol in an T Stu‘fness and ultlmate gtrength are lmpor-.._"
_a'ppropriate iorm (see segction’ on preser- - . ﬁ{lt in elements of the \ﬁ‘ame. To. get rele '
'ationl| - UAHL- rehaBle and econOmIC&l 1 at vely uniform dlametef- , and maximum
- treatments have been developed for pre-- *fthigkness of wobd wall (f&st:ﬂness and
¢ serving barmboo that is frequently wetted | [ sttength), the upper, highly tapered, rela- - -
18 constantly-ln contact with- dnmp earth, ~tively thin-walled portion of the culms is
_cc__mmdered better toiuse some materlal / remo'J\ ed. These tip cuts rnay'be used in :
t'is_mopre « durable than: ubtreated ham- : ! wattledand-daub partitions, qr 'fqr toof
boo for foundatwnf—-conc 4 'tg, for. EX&mPle- . shent}n ng, where close spac{ng rhay ‘make
_rle ~OF 50 : able h&‘?dwood _ up for the mferior properf*es 6T tT'Le indi-~
T - f - vidual units. : - )
Uﬁed ﬂﬁ suppbrtnngﬁp’o;ts in 1"““'" ! / The i dlwdual structural element\s that -
' cul_ms should havé a; fﬂu’ 3’ I!( I © . comipose the frame of a c nventional all-
o _'k bamboe ho‘hse cora:espond\c‘losely to thbse
found in an'aliZ timber frame: . Corner posts;
-gn-ders or lates JOtStS sh}ds, struts -or . T

¥

. ::"ﬁ- :

duces the.ultlmate strengthl of a bhmboo ""

" | culm. The, .only €xception i5 the natch. or .

f; saddl l1ke cut used at the upper en of/posts

C to cradle morelsecurely the hbrizon tal ele-
ments that rest’ upon them (fig. 6, C hnd D}

With the exceptwn of thdse of certa'n

and of Chusquea. the culms qf mosﬂ ba ( _oo_sf
- will not. take nalhs ‘witholt spllttmg. Fér
] thls reason the i[mpmgmg elen:gants are-




genenall)" 1ashed ‘to each other at their in- -
'terse t1ons (Ilgs 6 and 7) In the Far East

) ough v'mes or the bark of certom -
! {shrubs rhay. be used for iashmgs
'ﬁ 'reas soft iron wire, most of it

a ; However a resourcefpl per-
son of practlcol experience in bulldmg may
. -gften be ablg to @uggest sound and useful mod-

K N
o 1£1_uations o conventwnal procedures. L

"Floo"s

M iny ba rr\‘rboo houses have no floor other
'e sur'\face of the ‘earth on which they .
‘H‘gus sur{ace should be, and usu-

i
S /

15 ra.ls d somewhat by .fllllng Wlth

The surface of a dlrt floor may be made
more ‘stable b; paving:it with bamboo boards,
The 5011 should ﬁrst be. grad“ed to. provlde

natiral. dramage but riet. compacted beiore’
the bamboo. boards are laid}in place. These
i ‘ramper of suit-
to rive them nto close contaet
‘he_ ?_urface of the sml wluch is ‘comy,

devbted to the
amrnals else-:
storage o[ téols:
3 fn;m produce. .

-G

- to both sides of h&rdwood or, more rarely;’

Spacing specifications must beé worked out
locally for the 1n¥Fl1v1dual‘ spet:les ‘of barnboo

‘and the size of cqlmmsed

The flodr ‘Covering may be made of 'small
whole culms, sltnps or bamboo boards made,
by opening and flattening" out whole culms
{figs. 8, 9, and 10). When the floar %t onsists
of bambeo boards, it is gengrally fastened
down by the'u#e; of 'thin strips of bamboo

_secured to th¢ supporting members by

thongs, wire lashings, or small niils, accord-
ing to local preference and the materials '

avallable (fig. 6, B). : _ ,,

i

Walls Partitions,. Ce111ngs'

The construction of bamboo walls is sub—
ject to infinite varlatloq, depending on+the

_strength required (fof resistance to natural

forces such as hurricanes and earthquakes), -

_the profection desired from rain and ordinary

wmds./ and the nead for 21ght and ventilation..
E‘.1the}‘ whole culms or. longltudmol halves ;
may be used, and they may be applied in-

either horizontal ér.vertical array. They

function more effectively, however, when o

they are~vertical, and are more durable; for
hey dry more quickly after rain, (Fig. 11.)"
A form of wall construction widely fa-

' :.r_ored in Latin America is called bajareque

{fig. 12)—at least in Ecuadér. It is rha.de by
naﬂmg or lashing bamboo strips or slender
culms _horizontally and at close mtervals,

barnl;loo posts, The’ space between the strips -
is filled with rriud alone or witlr mud and )

) stone.s. Durmg thlS operatlon, the bamboo

strips are more-or less completely covered

“with mud but in- t:me they becore exposed

by wed,thermg T~h15 ‘form of: /l:onstructwn
is relatlvel}r massive, though less $o than -

walls made of ‘conventional stone, rammed o

earth, or adobe bricks, - ' - - .
- Anothér form of wall. constructlon, per- -

hnps Tnore widely used, is “known in Peru .
" and Chile as quincha, It is’ a sprung-strip L

- construction, known as lath= and-—plaster.

‘wattle-and-daub, or stud-and-mud {fig. 13).
In this form. the flexible str:ps are woven -
together to provide a base to recejve the '

. plaster which is a,pplled to. one stde only

" or to both stdes.

- ({fig: 14)
T shghtly, i. e., stretched laterally, as they

A more attractive but less~substant1a1
covering may be made .of bamboo boards -
H thesée boards are expanded




‘arte &ttachbd they prov:de a suitable base
for plaster, or stucco, Seorrietimes barbed
" wire is nailed to the surface to provide a
' better bond for the stucco. When whitened.
. %with lime or painted with cement, this ex~
—-'t_erior is very attractive (fig. 15).
. Partitions are commonly of the lightest
co;’istr'.ucti.on, suchlas a thin matting sup-

g T T

h ported by a light framework of bamboo poles. .

In’the Ph1hppme Islands, and ‘generally in
. ‘the Far East, where suitable bamboos are.
-plentiful, the partitions and even the outer
walls of houses are commonly covered with
matting woven from thin strips split from
' . the culms (figs. 16 and 17). For this pur~
" -pose, bamboos with thin-walled. culms and
tough wood, such as many species of the ge-
- hus S‘chlzostachyumafford are preferred,
" The width of the splines, -or thin bamboo
o s-tri‘ps and the-pattern of weave vary locally
. a.nd accordmg to the desired quality of mat-"
ting {called sawale in ‘the ‘Philipphe Islands).
~Material for matting is sometimes prepared’
‘from the c¢ulms of thm-—walleg,._b_a_m_boos by -
‘s"i.m_pi'y-crackmg the nodeg,and opening the
culmis out flat, i much the same way as
boards are made {figs. 8 and 9).° o
The cellmg tnay beé covered with a close-
-1y placed series of small unsplit culms, or '
by a-latticework compos‘.ed of lathlike strips
split from larger. culms. Bamboo matting
-is \favored as a ceiling finish in many areas,-_"
. In’'some places the ceiling is dmitted alto-/
getlzer fpermlttmg the freer clrculatlon of"
it weldome in hot, hu.m1d seasons, This
-omission has the added advantage of factl- :
": u:ating the dispersal -of smoke from, the’.
. kitchen fite. -In the areas ‘where ba boo is’
usgd for housmg, a chlmney would bd a cur-
" tosity. :

.

Doors and Wmdows |

.For. practlcal Teasons, window and out-
51de door opem.ngs are generally kept to a
_ muumum. They may: J;\e frarmed with wood
T or barnboo. The doors themsefves may ‘be
i wood or. they may be wqven. barmboo mattmg
"stretched on 2 bamboo framé, a panel of
‘bamboo boards set in a ha.rclwood frame, or
‘& sturdy gatehke ba:‘rler constructed of
“‘batnboo-bars, Doors are "s,hde hinged, and.’

fastenings vary from the ‘raditional latch-
@ string tb lock-and-chain,/ Figure 18 shows
-the raugh-and-ready us¢ of an mferlor barn- o

boo for the door of a pi‘oneer settler s hut.

5

i
1

i

" Roof - | ,

/
!

o Round My Poor, P 115. New York, 1947

"penerally considered unhealthful,

" tage for structvral.elements in roof con- .
~ struction (fig. 6, A),
-.account must be taken of the nature and - ™

. halved bamboo culms (figs 19), bamboo.

-_case_/ - ‘

“(figs. 21 and 22).
“to beé an extravag&nt use of material, but

Toradja housqm central Celebes (See 4

el v

"Delta Tonkinois. .

If window opanings ate provided, they

may-be framed with b,r_nbo'o or*woed. Most
~windows are left unglazed and unscreened.

Closure may be provided in ‘the form of a

'bimboo or waroden frame covered with -
_ bff?r\\-hoo mattiig or palm-leaf thatch, Win-

dows are usuaily hinged at the top; when

light hours—they serve to exclude the sun's
direct rays or light.-rainfall. At dark the

house is closed, to keep dut thé *‘night air,’
Actually.

the rlnq:no of houses at night is justifiable

----------- AL Ao s al ot ae Jumoiillanuag

) op}‘n-—as they are during’ most of the day-"

on other, more realistic, ground: it prevents
the entrance of mosquitoes, rats, bats, and
other unwelcorne visitors. Permanent win=
dow Lars of bamboo, many of them painted
black to simulate iron bars, are frequently
used to frustrate would-be trespassers.

Because of their high strength-welght ¢
ratio, bamhoos are used to excellent advan-~

-In deslgmng ‘the Ip

weight of the roof covering tobe used, - '+
whether it be grass or palmleaf thatch, .

shingles, corrugated sheetmetal, eternite
(fig. 6), or tile (fig. 20). The dimensions, ori-’
entatio nd spacing of the individual strucs
tural that support the rwof covering are:
varied to conIorm to the reqmrements of the’

In the Department of Caldas\, Colomb1a,
whe;e bamboo 15 Aavailable in: unlimited
quant:.tles a unlque type of roof structure’
has beeh adopted for the use of bamboo
It makes what appears T

the- resultmg structure 19 strong, durable, . '
and attract:ve. -
Edward Beckwith's photograph of the *

frontlsblece) s another striking illustra-""
tion of the use of bamboo in roof arc.hltec— .

2/ Gourou, Pierre. iI_Jes_"Pal.g,rs;rz:rl:?, du
‘Publications de I'Ecole :
Fran_t‘:alse de 1'"Extréme- Orient, v. 27. 640 PP
Hlus.” Pans. 1936, -

_/ D. G. Fairchtld The World Grows’




_' P1pes and Tr oughs

) The: culrns of certain bamboos, wrth
-'diaphragms removed, sérve admirably
for the fabrication of pipes and tro hs
o L.ongltudmal halves of bamboo culms
\__\ ) ake very satisfactory eave trnuBhs Where
_ miull is light and water must be conserved,
' ey:. are used to collect rainwatetr from the
roof and send-it into a barrel or cistern for
é‘t'o)'age. where ramfall is heavy, they are’
.-used to carry the water from the roof to. \_
©. Pestant point, in order to avoid excessive ™
mpness around the house.

. Undcr cettain c1rgumstances wash water
from the kitchen may be disposed of through
__m_boo pipes or troughs. For this purpose
sloping trough is more practical than a
pl\;;'é‘smce it is more easily prepared and,
'.-if clogged may be cleared w1th grenter fa-

o

. struction,
. boo for such us

in light oil), (%) placing them together again

B large enough'to give the -required carrytﬂg

(fig. 19). In Japan, closed-~pipe water sys-
tems are conét}ucted of bamboo but it is
very difficult to make the joints leakproof,
Underground drainage may be effected
by rmeans of bamboo pipes of simple con- T
The steps in preparing the bam-
(1} halving the culms,”
taphragms from one half

{2) removing the:

. to-maké the lower section of the drain pipe,

{3) cutting notches in the edge of the othér
half to permit the frée entrance of water,
(4) treating the two halves with preserva-

tive {5~ to 10-percent pentachlorophenol

in their original relation, and (6) binding
them together with wire. Such drains may-
be extended to-any length by placing the
smaller tip end of one pipe igto the larger
basal end of the succeeding oner.

To be suited for the uses just &escribed, _ |
the bamboo culms should have a dlar;"{e-ger T

cApacity, and the walls should be thick enough
to prevent collapse under use. © ,
- ." . \

1
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Bamboo Reinforcement of Concrete
Pubhshed references te the use of bam- - readily available information on the subject
_ bao in reinfarcing cement conerete strue-’ " is to be found in the report of a series of
..‘ﬁw_*tures -or-parts thereof indicate that the prac- experlrnents carried cut by and under the
tice has been followed to some extent locally, - dtrection of Professor H. E. Glenn.
¢ for some decades at least, in the Far East -~ important sections of this report are quoted
(China, Japan, and the Philippine Islands). - here, in entiretyJ
+During the 1930's several experirhents were .
/ carried out in Europe partlcularly in Ger- 4/ H. E. Glenn. Bamboo Reinforcement
) meny and [talyto'test the performance of " of Portland Cement Concrete Structures,
“Téément- concrete beams reinforced with bam- pp. 123-127. Clemson College Engineering
boo.""""‘ : ’ . : Experiment Stat:on. Bul' 4, Clemson, §. C,
> The most recenf comprehenswe and May 1950. . i
- l . . '
. “ ‘}Z’;_ /d' .. - . . ‘_ . E . . - -
L : _ L, o i
< T _ Sumimary of Conclusians S -
From Results of Tests on _
s o - Bamboo Remforced Concrete Beams : H
_ - ‘Below is g:.ven a summ&py—cxi.the conclusions ag md:cated from the
& Iresults of tests on the various beams included in this study. - .

*. 1. Bamboo remiorcement ifredncrete beams .does not prevent the
.. failure of the concrete by cradking at loads materially in excess of g
. . those to be expected frorn -an unreinforced mernber hevmg the same
B dimensmns :
o - 2. Bamboo remfcrrcement in concrete bearns does increase the '
load cnpocify of the. member at ultimate failure considerably. above that
to be expected fromian unreinforced member havifig the sarje dimensions,
: 3 ‘The load capac;ty oL bambeo reinforced concrete béarhs increased
B T w:th mcreasmg percentnges of the bnmboo remforcement up to an opti-
o "-,.'--'mum valu’e._- '
ST 4, This optlrnurn value accurs when ‘the cross-sectloml area of the

S _longxtudmel bnmbop reinforcement was frorn three to four percent of

- --i.n.forcement :
ERRa Concrete beams with long1tudmal bmboo reinforcement may be
e designed ‘to carry safely loads from two to three times greeter than
: o that expected:
Sl S __no rei.n!orce :
4 * T Co p e'er’ns reinforced with unseesoneﬂ bamboo show
' r load capacities than do equal.sections rem.torced with .

e ' _slightly greaf

ol "‘a, K seasoned unt eated bamiboo. This .statement was valid so long as the
.. & ) ._.'_unseasone barmboo had not dried out and’ seasoned while encesed in the ;
SRV T -__ccmcrete when the load was applied.- ' Lo

S g When unseasoned untreated ba‘lznboo was used as the longxtudmal
0 E L reinforeement in concrete members‘Tfhe dry bemboo swelled due to the

_'..-'

"
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Cood
__relnforcement conslsted of: unseasoned whale culms,

appeared in the concrete due fto the’ swellmg action of the bamboo Th15
: crackmg of the concrete was p!—suﬁrment 1nten51ty ‘as. to v1rtually de'str?

_ absorption of moisture from the wet contrete, and'this swelling action

often caused longltudinal cracks inthe concrete, thereby lowering the
load capa,_crty of i faembers, These swall cracks were more likely to
oceur in members, where the percentage of bamboo reinforcement was
hlgh This tendency was lesse,ned by the use of hlgh early strength con-
drete . . N 1& ‘

The load capac1t1e5 of concrete members remforced with bam-
boo vary with the dimensions of the ‘members,

+ 10, The unit stress in the longitudinal bamboo remforcement in
concrete ‘rnembers decreased w1th increasing percentages of remforce-
~ ment, : :
11. The ultu‘nate tensﬂe strength of the bamboo 111 barnboo relnfor ced

coricrete members was not affected by chanpges i the cross- sectxonal
" area of the rnernbers so long as the ratio of bre/ardth to depth was con-

_stant but was dependent upon the amount of bamboo used for reinforce-
ment. - N

IZh Mem‘oers hﬁ\rmg the optimum percentage of bamboo reinforce-

: ment {between three -and four pircent) are capable of proﬁutmg tensile
stresses in the bamboo of from 8,000 to 10,000 pounds per square inch.

13, In designing concrete members reinforced with bamboo, a safe
_tensile stress for the bamboo of frorn 5,000 te 6,000 pounds per square’
inch may; ‘be used.

14, Concrefe mémbers remforced with seasoned bamboo treated
with a brush coat of asphalt emulsion developed greater load capac1t1es T

s than d:d equal sectiohs in which the bamboo remforcement was seasonéd 0

untreated ox unseasoned hamboo.
15/ When sea«aoned bambop treated with a brush coat of asphalt _

emulsaon was used as the longitudinal remforcernent in concrete mem- -

bers, /there was some tendency for the concrete to develop swell crackss, -

' espec1ally when the perl:entage of bamboo reinforcetnent was high. '

16 Care should be exercised when using asphalt emulsion as a

waterproofmg agent on seasoned bamboo as an excess of theemulsion

on ;the outer ‘perimeter of the culm might act as a lubricant teo materi-

ally lessen the bond between the concrete and bamboo.

_,-’r Concrete ‘members reinforced with unseasoned sections of bam- *
" béo culrns whlch had been spht along thelr horizontal axes, appeared ’
to develop greater load capacities. ‘thar. did equdl sections in’ which the

18, Coocrete rtnembers rel.nforced with seasoned sections of bam-
boo- culms,, whleh lad. been" 5p11t along thelr honzontal axes and treated -

f with a brush coat of asphalt emulsion, developed ¢ &t 1derably highér
B load capac1t1es than didsequal sectmns in which the \\nforr.ernent w35 .-

oo |
:. - . - ./I‘ j

. 19 Whé pht secti‘ons of seasoned untreated lafge d1ameter culms
were used asithe remforcement dfr=g ooncrete beam ‘.long:.tudmal cracks

the: load’ eapamtaes of the members T -
Ce 200 \«\hen unseasoned bamboo was used as the remforcement 1n a ;}"'
'concrete rnernber the bamboo seéasoned and shrank over a perl.od of

t;me while encased in the- concrete ““This seasomng action of the bam-

boo mater:ally lowered the ‘effective bond between the bamboo and -con-

¢ crete awithia resultant lee/senmg ofjhe load capacities of the memberss -

Zl lncreas_mg the stiréngth of he concrete.increases the load ca-
f ¢ refe members remforced \uth bamboo /

e
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22 Concrete members remiorced w:th seasoned barano treated
wlth methylolurea did not deVeIop greafer -load capacttles than did equyal
sections in which the bamboo reinforcement was seasoned culms tregted
with a"brush coat of asphalt emulsion, T - .

+ 23, The load capacltlesxfor concrete members reinforced with yn- ot

seasoned season’ecl ar seaf‘aoned and treated bamboo culms, were iff- -
i ]} o
/ 2

'creased by using split bamboo dowels as the diagonal tension reinforce-
R ) . ment along the sections of the beams where the vertical shear wa high.
h ~ ' 24.. The load capac:t:es for concrete membérs reinforced with un- .
seasoned seasoned or seasoned and treated split sections of bamboo ) 5
werée®Incredsed by the use of.a combination .of split dowels and the bend- g
ing up of the upper rows of the split bamboo-from the bottomn of the - ' \ "
e bearn into the top and covering the™s sé_flons & of 1 the beams where the vers N
T - ticdl shear was high! : ! : - \i
s ., 25. Ultimate failure of bamboo reinforced congrete membérs usu- <y
2 A @lly was caused by diagonal tension fajlures even though diagonal ten-
- sion remforcement was provided. - "
) \‘_ o 26 A study of the deflectlon data for all the héam specu'nens testéd
~_ - indicated: N
. (a) That the,deﬂectmns of the beams when tested followed a fau-ly
* ‘accurate straight ljhe variation until the appearance of the first crack
.+ in the concrete. T .
\ . (b} Immediately iollowmgwtms ﬁrst crack there was a pronpunced W
. "flattening of the deflection curve (probably due to local bond slippage) _
- " followed by another penod ‘of fau-ly accurite. straight line varjation, but "
) w - ata lesser -slopg, | untll ultm—mte fqtllu're of the member gccurred, 'I'Ius
- flattening of the deflection curve was more pronounc'ed\m the merribers
R where the amount of lonﬁ‘ltudmal bamboo reinforcement was- -small, : C a
BT -{c) In all cases' noted, ‘the deflection curve had a lesser-slope. a[ter ,
o ._:the appearance of the first crack in the concrete, even though Htg‘h per-\__ _
€ ntages of bamboo reinforcement were used. A .
27, Ng pronounced u&natlons were observed when the behd\nor of A
.-'bamboo reinforced concrete ‘members under flexure and havmg *ee' - '
"sections was compared with that of equal members havmg rectangular P -._' .

_ 1stmg “of "tee“ sechons were e ho more efiect-lve than were equal rec- .
tangula.r sections, prov{ded the breadth of- 4he stem.of the ‘\‘tee séction
' _'1 to that of. the recta gular sect1on ancl the effectwe depth of"

: Design and Construction Prmctples
commended for Bamboo Remforced Concrete

S _:portant concrete members t use of- whole cuims of gr eq,
unseasoned,- bamboo is not recommended as- the remforcmg rnateriaL [ i

ﬁ;crete members, subJect tp,-tl.exur_
; Om 'hre w e‘fcs to on month beiore




“color shoj i1d be Belected for use irom a natwe bamboo grove. This prac-
tice will nsure that the culms selected are.at least three years old. "
‘hen thoroughly seasoned whole bamboo culms are to be used as
'the reinforecément in impbrtant conerete members subject to flexure, .
- $ome type of waterproohng’xs recommendcchv ) ' '
. 4. When seasoned sections of bambob split Wometer
: culmé are to be uséd as the reinforcement in concrete mefibers under
flexpre, some type of waterproofing is recommended for the bamboo in
all mpor.t.ant lead-carrying members. However, for slabs and second-
. memberE End where the concrete sections are of a size as torallow -
the placement of the bampoo with a ¢clear distance of from 14 to 2 in-
' oﬁes between the individual bamboo splints and between successive lay-
I drs, the use of unseasoned sections of bamboo is recommended pro- °
< - St oo vided high early strength cerent is used, In no case should the sp#it
' / bamboo sections have a width in excess of thtee=fourths of an inch,
oo . . 5. The use of yertical split sections of bamboo culms is recom-.
B | mended to provide for diagonal tension stresses in rmembers under
Tl ,‘-- flexure covering,the portions of the member where the verticaf shear
7 is high and where it is- {mpractical to bend up the main longitudina.l bam-

“ boo: reiniorcement for this purpose. In continuous members and where
' otherwlse pra.ctioa.l the practice of bending uwp the main longitudmal

bambpo reinforcement at points of heavy sHear to p;‘rovide for diagonnl

tension stresies is recommended, Also, in all casks ‘where_ it is prac- '

' ttco.l a combination of the. abave methods _s\recommended
.6, Proper spacing of bamboo reinfordement is) very 1mportant _
: 'I’esta indica.te that when the main longitudinal aAfboo reinforcement is -
lpaced too closelyi the flexural’strength of the member is advetsely
= affected, Also, when the main longitudinal bamboo reinforcement is used-
" in vertical rows _ond whéd the top row is near the neutral a:‘is of the-
) _member. the are ' o_ne'ute at this section in horizontnl ‘Sshear may.

. be: suﬁiciently 1e d'as fo cause failire of the member due to hori-
-"'-_zontalfahear. I “af the' specimens tested under flexurol loads the __ o _
- -cause of failure’ was at‘tributed to - horizontal shear; however, in most : .
-.instances where Inlure was. from this cause, horizontal cracks existed T '
in the & om:rete due to: the swe}ling‘ action of the bnmboo reinforcement: -
In.placing the bamboo reinforcement care should be taken to al-
'_,__ternate the basal and distal ends ‘of the. ‘bamboo eulms in all rows. This
" practice will inaiyre a- fairly uni o’rm crossasection of The bampao rein-_
foroement throughout the. lengjh | of the mernber and the resultant wedg-. Lo e
ing efieot that will Be,obtdined wil.l_ moteria.lly increase the bocnd botween- _ NE oo
he"-con_crete nnd ba.n/-, o r . g
: The desigmof struc’&urnl embera of ban‘iboa reinforced concrete .
f_or fléxural loq,d{ will be g?verned by the amount. of deflaction that can’ : —
be allowed fof the merriber.! In ajl concrete members subject to flexural S
loa.ds nhfgh degreo of deflection|is obtained in the member before fail- ' ’ '
ure 31:151;:-8._ Due to this high defl ction. Iailure oI a bamboo reiniorced

'.imat_ failure of the m_.'.mber usually ralults
roce,Elure as: us.
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_ erete’ members remforced with conventmna] steel is recommended for I :
the design of ceoncrete members remiorced with bamboo. Values have

" been recommended for the allowabhle unit-bond stress between concrete
and bamboo, for the allowable unit-tensile stress in the longitudinal bam-
" “boo :elnforcement and for thé modulus of élasticity for bamboo. These
}recommend‘ed values should be used in designing & concrete’ ‘member
. re—mferced -with bambog for flexural loadin§. it is also recommended
- that "tee"beams ‘be designed as rectangulur beams agnormg the ﬂange .
wxdth in:the calcula.tmns. D T : o
10, Somne of the 1mpartant characterist;cs oiconcrete members re- ST
. m{orced Mrith, bemboo on w'iuch future research ghould be done include: '

“ticity is higher thanp that-of the species nsed infthese experiments, °
T e (b} More exaet, d-;‘inﬂ on dxagonal tension reinforcement.. : :
B (c) Further tes'ts of: the use of Rgreen uncured bamboo culms as the i
o CT remﬁbreement where the condltmns are such tha; the bembao will. be” :
e completel? seasoned while encased in concrete, ' o
- 'i{d} More. gxact data on the bond between concrete and bamboo,
‘{e) - Tha use of other watetproofing agents than those used, in these:
tests to insure againsf ‘the swellmg actmn of sea.soned bamboo when

.-‘w-.c.'

ing memhers ‘such &% wa:ll patiels” and floors:

resting on well-compacted earth, has more
e}' rein.forcement oi Ment con- to rec0mmend it, from the practical point

_ th bambos cdnnot.be undertaken with | . of ﬁe’w .than the ‘bambeo re:nforcement of

1dence until' a great’ mqny factors have~, Iaed bearing mefnbers, of ajstrulture,

“been. consxderek Careful and expert attena 3 ’I'he lay reader will find: an admirable

1 g_ma?ny detuls in execution is essen- . !u mary oh use of bamboo for ‘reinforeing

inl'to uccess, . Severe limitationa, ‘must. rgte in the appendix of an article by V. D,

 be taken: into constderati.on. Appa.rently, S l.maye an the strength of bamboo (see b1bli-

“the bamiboo. reinforcernent of non-load benr-r o pgraphy) \ _ .

Covmrt o (A)  Usiéof thase specus df ambod in- \Tm'i"Eﬁ-"t‘l-Te tiodulns of elas< E _ Pees

=

R




temperute regmns of the world, from
vel to alhtudes of more than 13 000' ki

GeogrnPhlcaL sttnbutwn of Bamboos

man}r parts o‘f ‘I:he 1rop1cal subtroplcal and o

4 g more‘natwe species of bamboo than afe
gency of man.\ the d;str:but:on A
ies: of bai'nbao has been greatly o

© the natural distribition of ‘bamboos extends

LI
.

T

A

extends from Indla to. Chlrla on the maun-"'
land, and frem ]upan to Java among the :
islands., Seome 20-odd species of bambogp
"have been reported from the llt‘tle,known. :
flora of Afnca and many of these are “used
by the native peoples for house construction. _
_The lélana of Madagascar, whose flora is
more fully known, has been found to have

anwn to.occur in the whole of Africa. Aus-<:
.tralia has perhaps a hnli-dozcn native spec'les, '
' .Europe none’. In the, Wﬁgtern Hem1sphere.

‘from” S'outhern Unlted Sthtes’to Hrgentma ..’ s’
amnd. thle S%me 200. spectes are native to. ' - *

,thxs area, but’ they are very. ﬁhevenly dlstt“lb-' D
a uted Mgny of the recorded ;species are very L
- imperfectly known; and some kinds have been
recorded under more thnn oqe namc but tl:le

. totals mnre thgn 700 spec1e§.
about 50 drstmct genera. '




?Figure 2, --From supportiné'ﬁosts"t'o raft,ers'."anc'l'
e “~—:- _sheathing, this cottage in the Ecuadoran lowlands
_.[_ 1% made ent1rely= of native :bamboo, Guadua an angus- ‘\i
- tifolia. The posts may serve for five years; :
. o o the siding may remain in servlceable cofidition .
. R N .o Tor decadeS- R . | : , /
j‘lgurer 1.-- Bamhoo scaffolding L
"ig used in constructing an . .
_ apartment house in Cali, “Colom-
bia. In sbrenghh ‘and durability ) :
. bamboo is well-snited for the ' o ‘. ’
o " purpose; for economy it is prob- L '
ably u'nequaled. . - - PR . -. e
ST _ _ K ”
’ ’ t B ’ ’ : . .{o
A R




"Figure 4.-- Framework of this house™under constructlpn in Java is hardwodd; but rafters,
sheathing, scaffolding; and even the"l‘addé'r are bamboo. Walls aAd partitions may be
covered with bamboo matting, probably maﬂe from species of Gigantochlea, comrnonly used
in Java fnr this purpose. (Photo by Dorsett) y




Figﬁre 5.--Bamboo is used.f'or_ the. frame stricture of a
Walls, and partitions -will be made of b_amlgoo-"Boards.
“roof thatch will come from the nutive Guadia angusvifolia, which produces culms in

sizes and form so suited to direct use that only the simplest of tools are required.
. _ . R

. “/"

In fact, all materials But the =~

. .ll . - . *o
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'.'-.Flgure 6%'--Det..1ls of bamboo conatructmn A f1ttmg and bmdlng culms at
Joints in roof and frame, B, fitcimg -and securmg bamboo: boards "of Afloor; C and
Q, saddle joint; E and F -usg ‘of inset block/to support honzont.al load- ~
.bearmg element.s,_G -and H -use of stump of branch at node of post to sfupport
_-'horlzontal load baar1ng elements. :



JOINT FOR GONNEGTION
. OF SMALL MEMBERS, ¥0
"LARGE MEMBERS -

‘. HORIZONTAL SECTION .-

.Fulr:fpbfe' for furniture
© - ond simifor uses - . :
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Figure 9.--Final step in making a
_bamboo board--removing diaphragm
fragments from the newly opened’
~eulm. Tt may be done with a mache-
. te, as here, or with en edze or-a

”. long-handled, shovellike curved spud.

.
- -

. Figure 8.--An ax with a well-

" gressed bit is used in Ecuador for
making bamboo boards. Each node
is split in several places; then

. with one long split, the culm is
spread wide open. Not used for
bhoards is the thick-walled basal
part of the culm. )
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Figure 10.--Bamboo boards
atand ready for use. The
making of these boards is a
well-developed trade in both
Ecuador ahd Colombia; and
“the- f1n}shed ‘product m;ght
well b7come an cxpog; item.

s

Flgure 11 --Walls paneled in-native bamboo in horlzontal array are an attractive

feature of this artlst1cally designed but rather costly weekend cottage in Guayaqu1l
" Ecuador. ' The roof coverlng is eternite,

ﬁ T “ 19
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Figuré 12.-—Wide}i bbo“str1

SN
ps support and’pmntect an adobe wall in El Salvador, -
construction called bajareque- 1n many Latin American countries.
-E1 Salvador common bamboo, Bambusa vulgar1s
. driest 5

In -«
",pvallable everywhere except -in che
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F1gure 14.—-Bamboo house, buayad up by balsa logs, lles anchoggd in an Ecuadoran river.
.The walls, are made of bamboo»boards, and. the . leaf-thatched rdﬁf is held in ﬁlhee by
bamhoo rlderSHIestlng across. the comb.. - _ _ e
\\1 ’
P
! ' v

Figure 15:--Bamboo

boards. provide-a sturdy™
and- economxcal base. for
the ‘cement stheco that' /'
covers the outer wnlls
*_—T__hls_ﬁbspltal at
Manta, Ecuador.

.
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" thouses to the heat and rains of the Tropics.

N

gure 16.--Hinged panels of matting woven from thin 3trips-o-f~hml?oo

a

H

o0 help to adapt

I
!
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_Figure 17.--A yoi.mg\T‘ai.._p_laya his bamboo oréﬁﬁ\.aglainét. a hack.grounc.l'of bamboo mat,t.ir_ilg..
©+ Such matting is a popular wall covering throughout southeastern Asia: it is dight in
' both .color and weight, does ‘not stain, and is easily cleaned. (Photo by Quate.)

|_"}




_._.Pi:ru has made_his_cabin door with material __|
:that came easily to hand--culms of a 'wild

bamboo, Guadua sp.

: -.:t--vla:., .:) ?' ., *

.

Flgure 19.~-Hoof tiles of this laundry in

Colombla,as well as the troughs of its
water system, ar® halved culms of Guadya-

angustifolia, the common native bemboo
of Colomhla and Ecuador.
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Flgure 20.--T11e covers t.he roof of thls bun.boo house in Gut.emala iae"'bbﬁrdé"
o:l' the wall are made from culms of Bambusa vulgans. b o
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Figure 22.--The struCture of

t
i

his bamboo roof is typical

n Caldas Department, Colombia/

The uniformity hes grown out
of long yeers of use: ever

gince colonial times, bamboo
has been the preferred build-

. {F.‘,

'1ng materla in the area. -

!
!
.
|
r

]

Figure 21.--Bamboo is
standard material for
roof timber in the _
rural houses of Caldas
Department, Colombia.
It combines lightness,
strength, and durabi-
llty and, being local-
l? abundant, costs but
llttle. -




-Figure\ 23. --Some ‘contrasts among dlfferenc bamboos,ua seen in the nodes, J.nl;ernodes i &
. and- hranches of the culma: A, Bambusa srundinacea, a thick-walled bamboo- with in-
S _'flat.ed {nodes and hed¥y, sol1t.ary, thomny lower branches. B, Ph):llo.stachx l:oambu
- . goides, \a moderazely ‘thin-walled h“hmbob, with inflated nodes and paired . branch- -
Ces, above the insertion of which the mt.ernode is flattened and shallowly grooved
-C. Bambusa_:m__lEE._a _moderately t.hlck-wnlled bamboo,- with-inflated-nodes,dormant
--_-;branch ,buda ‘bélow, and. prommenl. branch. comphhnant.s above. D, Bambusa textilis,
i § “l_led bamboo vut.h cylmdncal mt.ernodes, nonmfl,at.ed nodes fl flared at the
_ b 'scar: ‘branch:. buds. lack:l.ng at the lower nodes and tardily develdped above.
- Schi. zos‘tachyulh lumampao, o thin-walled bamboo with cylindrical mbemodea, T :
- n'flat.ed‘nnodes. no buds ‘at: 1ov_fe1- nodes, alender. subequal, .easily ved branches O
ov F combmed longltudlnal ancl cross sectlms of t.he culm- o:l' tulda, ) '
a t.::ansversie
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Fxgure‘ 24.---Dev1ces for sp11tt1ng heavy culms. A cross of iron or hardwood bars
{about 1 inch thick). supported by posts (about 4 mches thick and 3 feet! high) fimmly
;...sz_r. J.;n._t.hn_gmund_,_ with -an .ax, two pairs of spllt.s are opened at rxght dngles to each

othef 'ét the'.'f.op' end of” the culm, ‘these are held open with wedges unt.).l the culm is -
on on the cross;. the. culm is then pushed and pulled, by hand, in the  °

ion dlcat.ed by the aTrow “(adapted from Salcedo). ’B a.lfd‘e—;szeel wedge for - _
: m-"g quartered culms D ‘block:with single and pa;lred stéel, wedges for mo_um:mg
3 heavy bench adJ acent. faces of t,he pnred weﬂges should be shghtly closer to-.
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'“F1gure 25'--Sp11;t1ng of moderate s1£e culms to make withes for weav1ng
and laghing. Quartering a culm; A, sturtlng four breaches at upper end;
' .:B, driving a hardwoed cross along the breaches to complete the splitting.

' §, dividing quarters radially, making center sput.s first. ‘D, splitting
o “radial divisions tangentially; the hard.outer (convex) Strip. ».i% best, and
SR _ﬂ__t_he_snfm pithy inner (Gone-ﬂ-’&‘e—)—&t—'r—l—p—l—& usually discarded. E; long---

v “= ~ hendled knife used for c and D; some ‘workers hold a strip of bamboo on
“the blade .to add-: ‘to" 1ts effect1ve thickness when they w1sh\to speed

up the work. - - el | Pl -
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S =  As with steel'. bricks, c_ement,_,ston'e,

. aclay, timberwoods, of any other building
{rmaterial, it is necessary to think of the
bamboos in terms of individual and distinet-

- kincls. eath characterized by a combination

L _ofpropert{es picuhar to itself (fig. 23). Certain

_.,i:otinbina“t f &hese prope‘rties are use=

;.tul [er identtfmation, certain ones must he

o _.tuke:\ ‘into agcount in evaluating the suita-

; b‘llity of mdwidual kinds for one purpose or

"'A-ve:r'ng'e dimehé:'ions of culms +°

. Taper of culms . .~ =

" Straightness of culms .
‘Size and ‘distribution of branches =
Length of calm internqdes .

.o ,Sho.pe and. proportxonﬁ Jof internodes :
T Thickness of the wood (culm wnll)

. ‘---__.___________ ;

2 leferenses Among Spec1es

' chyma)} in the* wood (which affect the prop-

- _ stahdarized on a wide geographical scale,

| 7 there is'a choice of several species, cer-

| distinctive names. -

- sources of much useful informatior not
‘to be found anywheré in print.

8, .-Relative proportmns and distribu-_ =~ -
tion of different tissues (bundles and paren-

erties listed under 9 and 10) .
9. .Density-and strength of the wood
10 Sphtting qualities of the wood
1. Buscep‘ttblhty to [ungi and wood-
eating insects. 'T
- Specifaca.tians for ‘bamboos aré not yet

Wxthm any bamboo-using community, how- _
ever, the close observer will find that where -

tain ones ‘will be used for certain purpases :
with great regularity. And where theré are
established bamboo markets, many of the
kamboos offered are found to be classified
into more or less well-defined grades with
-Such markets and_ the
localartisans who woik in bamboo, are -

T
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#As far as'we know, most of the bamboos
-of greatest usefulness and greatest versa-
._tlllty for bu:ldmg constructioti-come from a

W groups-of related species, called gen- _ _will serve betfer than theLatin. Lptm
“era:” These ‘genera are Arundinaria, Bam<= 7 _: - names, howevier, are generally mo;e use- _
Z"busa _Cephalostachyum, Dendrocalamus, Y0 vHlin correlatmg mformahon found™in the -
G'x_g__i tochl_oa._M_el_ocanna Phyllostachys, - o literature. In this secnon wh1ch sets fo;th .
' zostachs - i- some of the most useful species, with their
locations, sizes, and uses, both Latin and ~
Western Het'mspht_:re _meot to ;ﬁly . vernacular names are. gwen insofar as the)r
hat atl g oSt &aseful SpeCles are foun& ~are available,
r “these genera.__.':'_ a _{_. U o . i"
: J . "
,-;‘-' = -'-Ar.und__ga.rla. a.lpma‘ Alpme \Bamboo Bambu Alpma (Itnhan) ’
~AFRICA}!: Kenya; Abysa;m,a..‘Sudan Congo Uganda, Tanganylka L
8,000-10,000 ft. Abundant in large Stands, . . ] T
Culms: 560 ft. by 4in,; commonly 45- 50‘ ft; by 2*L m., rather Lol o o Ty
" . thin=walled. R : ) RS - : . o
b . Uses: Genéral ' ’ R ’

T " 2. hrundmurm l:al'losn Uskong, Uspar, Spa’ (Khﬂsm)
L 'INDIA: E. Himalaya and Khasia Hills, Assam, to 6, 500 ft. .

" Culms: 12520 §¢, by /2. Lm. - . _ _

St Uses: ! T)nng thatch.: _ . LT S e

' Arundmana elegans: Jllll (Naga) R

INDI.A Nagh Hllls 5 000 7 5.Uﬂ_.ft '

o,

3 Hlmalaynn Bamboo ngdl Nlrgal Négre, .
T -Garrl, Gorwa Sp1kso ngalo, Kewi, Tham, Utham, -

Lming for roofs of'houses. ai "/ Cele

A _und"inan grifhthiana. ‘Khnap (K.hasm) U-spar.. R

~ Khasia and. ]amtm HllTs Assam to':l'_gO"O _f_t. . e
12-20 b byl I} in, . NS o

Ym' itch of native houses ; s T

'n%Ermecha- ngala (Nepal} Parrmck (Lapshaj,_htl _




. 7
8. Arundinaria mannii: Beneng (Khasia}.
INDIA: jaintia Hills, Assam; to 3,000 ft. '
Culms: To 30 ft. by 1/2 in. ' i
Uses: Withes for binding frames of native houses.’
9. Arundinaria prainii: Kevva, Keva, Sampit (Naga).
. INDIA: Khasia, Jaintia, and Naga Hills: to 9,500 ft, '
Culms: Slender. -
Uses: Lath for walls of natwe houses.
10, Arundinaria racemosa: Maling (Nepal}, Phyeum Mlknu Mheem, _
Pheong, Pithiu,
’ NEPAL and INDIA (kalum) 6 000-12,000 it.
Culms: 5-15 ft. by 7/10-1 in.
Uses: Roof construction and mattmg for native houses.
11. .Arundinaria spathiflora: Ringdl, Garu, Deo. Ningal, !
' INDIA: N.W. Himalaya; 7,0060-9,000 ft.
Culms: 25-30 it, by 13 in
Uses: House construction,
12. Arundinaria wightiana: Chevari.
_INDIA: Southern and wesStern parts; especially abundnnt on the
Nilgiris, .
Gulms: 10-15 ft. by 1 in. . - e T T ]
Uses: Matting. - ; :
» 713, Bambusa arundidacea: Tﬁp-rr(f Bamboo Berua, Kata, Koto (Assam),
Ty, Mulu {Malay}, Bans, Behor Bansf{Eengall) Mulkas, Vedru

.

i

{Telugu); ~Mundgay (Bombay). .
INDIA, - Pantropic in cultwatmn. :
Culms? To 75 ft. by 6 in.; cbmmonly rather; crooked only mod-
T erately strong and durable; lower” Wry thorny.
' Uses: Genéral. ' o T

. 14, Bambusa-balcooa: Balku Bans [Bengah) %afhka (Assam), Boro-
_ bans, 5il Barua, Teli Barua, Wa h, Beru, Betwa, _
INDI.A Assam, lower Bengal, and Bihar. - . ) ¢
Culms: 50-70 ft. by 3-6 in. : :
Uses:, General; '"best and strongest for bu:r.ldmg purposes"

_ (Gamble) . -
15. Bambusa blymeana: Bulch Dun (Malay) Klda (Semang}, Bambu
T " Duri, Eambu Gesing, Pring On, P Gesing (java) Haur v

i Chuchulv( udan).
= . MALAYA, JAVA (native), SUMATBA BORNEQ, INDIA ;- INDO-
CHINA, anfl PHILIPPINES (cultivated). e
Culms‘ 30-60 it. by 3-4 m., thlck-walled :
Uses: Gene{al.
16. Barmbusa khasiana: Seru'n Tyrah (Khasm) '
INDIA: K.h{as:a and ,la.mna Hills, Assam, and Mampur' to 4,000 ft.
. . Culms: -40 ft. by 1-'1' 2/5 in,
\ \ : Use’sifrge eral,
“?\ Bamb‘usa multiplex: Hedge Bamboo. Sllver Leaf Bambeo, Ngau Kan
\; \} * Chuk (Chinese). -
: \GHINA° Kwnngtung, to l ,000 ft.; now vlrtually puntropw in cul~
_ hvatwn '
\' _"‘Culmsg & 30 ft, by 1 in.; mternodes long, thin-walled; resist-
" . ant to Dinoderus, the powder post beetle,
Uses: Sheathmg for roofs; wattlemand-daub wall construct;on.
(]amalca j : : N

-

4t

ﬁJ .- :

PUPT S
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13 Bambusa nutans: Pichle, Bidhuli, Nal Bans, Mukial! Makal, Mahlu,
Mahl, Pa.oshi-dmg ying, Jotia, Deo-bans, Wa-mnlang, Sering-
jai-
. INDIA: Lower Hlmaln*ya from the jumna to Assar and E. Bengal
and Sikkim; to 5,000 Tt, )
- Culms: 20<40 ft, by 13-3 in.; mternodes i15-18 in,; wood strong,
straight, hard, much esteemned. .

a

Uses: General, _ .
13 Bambusa polymorpha Kya'éhaungwa (Burmese), Betua (Assam]},
~ Jama Betua (Bengali). R
INDIA (E. Bengal) and BURMA: To 3,500 ft.
. Culms: 50-80 ft. by 3-6 in.
‘Uses: General; ‘‘¢onsidered one of the best bamboos for walls,

: floors, and roofs of houses" {Watt). : ; Ry
20, _Barnbusa textilis: Wong Chuk, Mit Chuk (Chmese) : _/’ e
. CHINA: Southeastern provinces. New cultivated in the United + '
“.  States {(Georgia, F;orida. and Callforma) and Puerto Riclo, . -
Culms:. To 40 ft. by'2 jn.; internodes longish; wood rather thin, T
Tom Uses: Withes for binding house frames; matting for walils. -
~ 21, Bambusa'tulda: Tulda, Jowa, Dyowa [ Bans, Mak, Makor, Kiranti, i
' Matela, Peka Mirtenga, Wati, Wamuna, Wagi, Nalbans, Deo- - b
- bans, Bijuli, Jati, Jao, Ghora, Theiwa, Thaikwa, : : o -
. INDIA {central E, Bengal and Assam) and BURMA ﬁlost common - '
b - Bambeoo of the rice country . O . - T
h»Culmsv 20-70 ft. by 2-4 in. ' : _
) Use_s' General, Boanng, scaffoldmg, mnttmg. etc, 7 o
22. Bambusa tuldoides: Punting= pole Bnrnboo. Chaang-ko Chuk, Yau- - _
' ‘chuk {Chinese)., ~ - S T e
CHINA (cultlva.ted in southeastern provmces and Formosa) N e o R
| MALAYA;BRAZIL, m&%vanon g _ : S LA
~ Culms: To 55 ft..by 2 Zin. e T T

Uses: Genera] ' - R mm e B e Y
23 ambusa vulgaris: Common Bamboo. Bambu (Spanish American), o
N Buloh Minyak Haur, 'B. Tutul, B, Gadmg, Aur Gading, Pau, :
wrm N NRo=a, Pook! (Malay) Jajang Ampél, J. Gading, Pring Ampél,- . = [
Pl Legl P, Tutul Uava.) Awi Ampél, A. Gading, A. Haur; F
A, Kéngng, Al Tutul (5udan), Auwe Gadieng, A. Kumeng. Bambu
- Kumeng. B. Kiring=kuring. {Sumatra), Pai Mai (Siarm).
_,Eantromc in cultivation, in two. color forms of culm Plam green - -
. x o and green-sfnped yellow o
Culms' - 20=70 ft; by 2~4 in.; wood. moderate](y thlck and strong. _ )
' suscephble toinvasion by Dmoderus the powder ﬂost beetle.' .
- _ Uses General _ . :
24, Cephnlostnchyum pergrncnle Tinwa"(_Burmese}.- Llata.ng'-(Nagn),
"Madang (Singpho). g o
INDIA (Assam) BURMA etc.. *'After Dendrocalamus strictus
‘perhap: j'fﬁme most abundant of all species (Wt)» -
Culrn5° 13040 ;t by 2-3 in.; mternodes thm-walled T

LS

_ [ usque, Suro; Carrizo : '; ' o R :
""'_"-CENTRA;., nnd S Q\TH AMERICA Especmlly m Andean Highﬁ- j -
- ; Mexico: to‘thle and Argentma L

Generally lonﬁ, slender and relatwely weak pithy ‘at

center.. s T




/J’ ’ . . - - . \ X e " ...'_'_.:
26 Dendrocalnmus nsper" Bulah Betoqg, B, Panchmg (Mu[li’) JEauy S
{Sakai), Deling Petung, Jajang Betung, Prmg Petung (java) ’

T~ R " Awi Betung, Bltung (Sudidn), Ba bu Batueng, P_er—mg-Betung
' . (Sumntrn) Hontong (P.I.,teste Hugh Curran, Jr.). R -
MALAYSIA: In Java,'to 6,2 \t.. ‘and throuﬁ‘hqut the arch1pelago : o
_ to.Luzon, P.I. Much planted. - - e B A
o, ' ' Culms' To 100 ft; by 6-8 m., short lower l.nte;rnodes ver)‘r t]:uck- .
e .t T walled, S _ i ‘ —
° _Uses: General, - A . L,

, 27 Dendrocalamus brandisii: Kyelloym "Wuya, Wap}m (Burmese) Wakay. S ST
: - r nT, Waklu, T e
INDIA M%étern slopes of Pegu Yoma and Martaban H:lls to 4 Qoo . .

SRS RS ft.) and BURMA: ' , e Ca o w

R Culms: 60-120 ft. by 5-8 in, DS L L

e T T -~ Uses: General. = . * : L : } v }.'\9

T 28, Dendr..ocala.mus giganteUS' Wa.bo (Burma), Worra (Assa.m). . ' T s

e T - INDIA;: "Calcutta.\northwards to Tenassenm Burma Ceylon. S -
L 3 , Culms; 80-100 f¢. bya 10n: o T - o ’ '

T L ' Uses‘:‘-.«.General. = L Ee v R
[ SR _29 Dendrocalarnus hamtltonu. Wabo-myetsangye (Burmese) Chye '
Lo, "% - .« “(Déhra Dun}, Tarha @Fepal), Pao, (Lepcha), Kokwq (Assnm}, .
Do ", Pecha (Bengo,h)4 Tonay' (Mlkls] -Wangke (Garo). -~ = .

. T e IND[A ‘and BURMA: ‘N.E. Hlmalaya:, Assam Valley, K.hasu. Hilts, E s
S . o ' Sylhet .east to upper Burmg', and-west to Sutle1. The commeon TN e
T oo bamboo of the Dargeelmg Hills, Terai, etc.; much’ ._ultivated T
ST . Culms: 40-60"ft. by 4<7 in.; internodes 12- 20 in, long, somewhgt S
- : goft and relatively thin-walléd, = - R . pe e T
_ - T *’Usir ‘General; not highly ésteerned. . . . AL o T
30 _Dendr thlnmus hookeriii Sejat, Ussey, Seja.sa;, S:jong, Denga T T =
: e R Ukotangy, Patu, Tili, Kawa Ule. S - e
' /INDIA'to UPPER BURMA: To 5,000 ft. LI by
Cu}lms-' 50w 60 ft. by 4-6 in,; mternodes 18-20 im, long. wplls v
-'*.' < about 1 in, thick. _ . . L,
st&s. ‘General, P ' ' T oy
q:_l}': Dendrocalamus’ long:spathus. Khang, Ora Wa-ya. Talagu. . R .9‘&
T TINDIA' .(E. Béngal) and BURMA, SRR
e Y Cu.ImS‘ To~60 ft. by 3-4. m., mternosles 10-2.4 m. long, wa\lls Y
h I ] l/Zm. thick, * . - _. c LT
Uses‘ General not highly esteemed as bulldmg. materlq,l but - ’
‘used when better kmds are not avmlable“ (Watt) - .
Dendrocnlnmus membranaceus'- Wa-y& Wa-yal Wa-mu. Wapyu o o
(Mﬂlay)_ R e e T ";~ . e s
. INDI.A and BURMA:™ Mo:st forests at low elevations. S ; AR
L CuImS‘ To 70 ft. by 4 in.; mternodes 9 15 in, long. woocl IR
: “1/4- 3/‘agn th;ck _ T el
.Uses- ‘General,™ ¢+ ¥ . LA é E ..
d¥ ocalamus mérnlhanus. Bayog (Ilocos) anayan-bayog '
) IPangasmc_m} _ o . e
_PHILIPPINE ISLANDS,  © . a0 Do
“Culms: s Tall ‘and slender mternodes thmk-walled strong“ S P

. (Brown.and F:scher). SN
USes- Gen@ral L




'.....‘_

o 1. - .
Y 'H: R o . L ' 7
. R
- i e _
'  Culms: 5060 ft. by 5-7 in. / _ .
7.3 Uses: General: ' ' o '
J 35. Dendrocalamus strictus: Male Barmboo, Bans, Bans Kaban Bans )
) ¥ Khurd, Karail, Mathan, Mat, Buru Mat, Salis Bans, Ha\lim . ¢
- Vadur, Bhiru, Kark, Kal Mu.ngll Kibi Bidaru, Radhanapa- i : L
: wvedru, Kauka, Myinwa, "-\
s . INDLA and BURMA: On all moderately dry hills except in N and \ T
) . S.E. Bengal and Assam. - j’r A : y
r Culms 30-50 ft, \by 1-3 in.; very,stronj. often sohd v "%
Ci " Uses; General.’ A ¢! ' S !
e T 3y G:gantochlon apus: “Bamboo- 00 Apus "_E“Tl‘tr‘(Ma-h-y;,,_Delmgi Apoos, '
N - D. Tangsool, D. Pring, Pring Apes, P."Apoos, P. Tali" Uavn)
d "+ 7 Awi Tali (Sunda), Pereng Tali (Madura). .~ v o
JAVA and SURINAM ~*Plains to high mountains™’ (Ochse) ' '
Culms: To 65 it. by 4 in.; mternodes up to 26 in. IOng, wood 1/4- . ' .
172 in. thiek, .. - coLe L
Uses: 'General; one of the most useful bamboos o _ R
i‘[ Glgantochloa levis: Kawayani-bd-o, K. Sina, . Puti, Bohé (Tagalog) : K : o
Beakd, Bolo, Botong (Bisaya), Butong {teste Hugh Curran, Jr.). _ _' :
_PHILIPPINE ISLANDS: Wild and cultivated: - -
Culms: To 65 ft, by é-8 in\; *‘very straight, easily worE’ed" o ' f’l :
(Brown and F:scher) : ’ o . T
L USCS‘ General, - 5\ AP e o _ A
ST 38 Giga‘ntochloa macrostachya 'fe serah Madh Maday'wa Wanet- | . T f\ .
e _ Wabray. . .o L e ] \;
P 1 I.ND].A (Assam. Chittagong) and\BURMA AREE ' o S
Lo : Culms: 30-50. ft. by 21-4 i, - o R r R
Uses: General., ) ' L a

mboo.” Bamboo Andong. (Malay)

- Pring Soorat (Java), Andong Ke: 'es Awi: Andong. A Gambong, C
Y Lmh A. Soorat {Sundn) N . Lo N o

JA\{A - t x T R S

Culms: To 68 £t by 6 m"' mternode vl'ith-pa-le--yellow...str_ipea_;__\_ L

'. * wood up to 4/5 in. thick. ]

Uses. ‘General; "next to. G upu.s thej,' ost useiul bamboo in -

o 39 ‘Gigantochloa vgrttcilla‘tﬁ “Whotled

f
i
'..f_
A
i
|

R ]ava" (Ochse) ] N ' . )
40, 'Guadua aculeata: anro (Centna ic - -
= T MEXICO to PANAMA, /”ju;m- o
" Calmsi Te 75°ff, by S in.; internodes rela ively shnrt wooa of . R
- moderate thickness.” - ; Tl ]
Uses: General. S . o o
Glmdun amplexifolia: "Cauro (Nu:nrngua. MOSqul o). 'l _ .
otk .

VENEZUELA t" ) MEXICO

ra lqmwn and most versntile species of \ T i
3, Ins those - arep._s of Ecuador and -Colombia where - P
mhoueccurs in Spon neous stands adeqqate to supply




|

o |

T

_struction. In fact, some of this bamboo is used in n¢arly
every house in such areas. Many structures are bujlt almost
* T entirely of it, L .
This bamboo apparently has a relatively high re 1stance
" to both rot fungi and wood-eating insects. It has beén observed -
- repeatedly that ordhary hardwgods used in conJun'c. ion with-
this bamboo have had to be replaced. because of insect dam-
age while the bamboo still remadins serviceable. The origi-
. - nal untre&ted ssiding, consisting of boards of this bamboes, in
. : . a 40-year-old plantation‘*house at Pichilingue in the| Depart-
' ment ‘of Los Rios, Ecuador, was still in a servicealile con-
) . dxtlun in 1945, lcﬁg aftér the hardwood floors had had to be
- replaced because of msect damage.
«3 Guadua ‘superba: Mnrona
} ‘ . ‘*r;\, BRAZIL: Acre, Rfo Purus. o
8 M ToTSItbySm ' _ —

.‘_\4

o . Uses; 1. \ -
) : . 44 Melocanna baccifera? srai ﬁambpo ﬁuh Metunga (Be gali), Tarai
o \\‘ {Assam), Wati (CachaTt); rtem {Mlklr),lTunah (Naga), Watrai

n

N {Garo), Kayoungwa (Magh) Kayinwa (meese) Palia, Tana.
' Pagutulla .
INDLA and BURMA, s .
I \Culms: 50-70 ft. by 13 i_3 in.; internodes 12-20 in. long:
T \ thin-walled, but strong and durable. ‘‘'In’'Chittagonp and e
' ‘ T where’[thxs ig/ the most commor species and the
~universally employed for. bu11d1n3 purposes" (Gan-ﬂ
-
45, Oxytenanthera abyssififeas Arkm Chommel,
AFRICA: "Abyssinia to A.n‘“ola. ancl Gold Coast.

+

Culms 25=50 ft by 1343 in. el & "
. Uses: General., - N T
] 46 Oxy’cenanth;\ mgroc:hata ,Poday (:Andaman) Wasﬁuk(c
SR L H - Bolantgi ‘Bans’ (Orissa), Lengha'(Java). IR
e “WNDIA; ANDAMAN ISI..ANDS BURM » JANA, and SL_IMATRA; T
. Q.tlms. 30-40 ft. tall. \ - . A

)  Useés:; General ' N
I A ’4? Phyllostachys ‘aurea: Buddha Bamboo Hotei-chiku Uapa ese')'.
SN L e e, Fat=-to'Chuk (Chinese)
' B CHINA and JAPAN# Niow cultivated nearly all over th world in
- I-. . =" _temperate zome. o .
S L Culms: 26t by Lin. -
.- . Usesy Suitable for light élemients of house. constructm .
' 43 Phyllogfachys bambusoq.des Giant Timbér Bamboo, Mad ke Ua.pa.nese)

o _".'.'.NGTEZ In Chin .'numerous other speécies o[ tlns genus

'i_n bulld»mg hoyses, . .
yrquhkum Fllmg (Nepal) Purphmk
1(

.




Culms- To 50 [t by } in.; internodes, long, thm-wulled
Uses: Lath mattwg. Withes £of tying frames of huts. o
Schlzostechyum hainanense: -Tang Chuk (ChmeSe}“ o o
' CHINA Hainan Islnnd -
Culmst To 100 ft, by 17 m mternodes:mldng. tlun walled ) ; -
Uses: Lath, matfing, - . e
L '51 Schizostachyum lima?” Belo, Ba agacay (teste Hugh Curran ]n} ' . i
~ T PHILIPPINE ISEANDS:” Iuzon, Davas, [
: Culms: 25-30ft. by 1 in.; internodes very long, thm-walled o Con T et
i ~Uses: Mattirig, shingles, thin lath, - - . ' '
.52, Schizostechyum lumnampao: Lakap (Boseyan) Tamblang (Bila- en}
. - PHILIPEINE ISLANDS: Luzon, .

B " Culms:. To 60 ft, by 3 in ; very straight; 40 ft to first branch; RN
s ‘thin-walled, - - - : : = o
 Uses: Boards, s-hin’gles (teste Hugh Curren. _Ir I

Temostechyum dulloca: Dulooe (Assem) Paksalu, Pogslo. Wadroo,

-

Gyewe. e . . ) _ e = : _ o .

INDIA: ‘Assam, ' 5 AR ‘ T

: Culms» 20-30 it.\by 1 3 in mternodes to 40 in, long. thin~ . ) o
EE ] ‘ walled . L I e i a “

: “Uses: La.th, matting. ‘ :
54, ° Thyrsostechys oliverii:- . Thanawa (Burmese) Maxtong '(Kechin}
' INDIA and- UPPER BU‘RMA -To 2,000 ft. - a
Cﬁlmr 50-80 it by 2-2-‘- iu.. "greatly in request" (Gemble)
R “Uses; General, - - T '
' -"55'-. Thyrsostnchys siamens;s* Kya.ung-wa.
__'I"ITIML.AND ‘add BURMA, ) ' '
Culms, 25-40 ft,: by l-}-3 in., very strong end stre{ght un=
.. brapched below. ¢ - —
| Uses? Generel L ' '

]

llowing'two:qudy gresses though not true bemboos. yield T %
s ‘that TE; used in buildmg houses. B . : I

_ Giant Reed Hitchcm:k) Vera de Cohete (El salwdor?u
1 end extending into’ milder parts of the temperate zone
1tivétion VRN ’

S ‘.

g ass_.(Hﬂchnck) : Ca.ﬁe 'Ara.vn. (Cuba.) .
afia Arnarga fVenezueln), Vara de- :
be (Brezil teste Clarissa Rolis) '




o . Fnr convenience the torg oing specxes
- are regrouped in the following tabulatign. ~
eciording to “their- spztiﬁized ldaptaticm--to

p_artig_ti‘lar_p-ges in house construction. The
numbers refer to the species just listed,

Frame: 1, 13:16, {8, 19, 21 23 26-28, 30-46, 48,°54, 55. B
Sheathing and ceiling cover: 4 '

‘Whole culms, 1, 4, 10, 17- 22, 24 25, 41, 44- 50 54- 57

A

L F rme for’ poured concrete:. . R

~Strips, I H= <6718, 1H4-a 26-34, 36-46, 48- 55, . -
# Roof covering: - .
» . Tiles, 13-15, 19, 23, 26- 32 "37- 40 43 43, 48; -
Shingles; 50-53. L o _
Wa.113°- - ' _
Wattling, 1, 4, Q 13, 14, 16, 18-34, 36-56 %
~ 'Whole or-half culms, 3, 7, 14-40, 42-48, 50- 52, 54 55, 57,
i Floor coveringi . ' . A
Boards, 1, 16, 19, 27 28, 31, 32, 39-43, 48; : S
| " Strips, 1, 13, 16, 18,719, 21~ 23, 27-34, 36-40, 42- 46, 48. : -
!Matting: 2,5, 6, 10, 12, 16, 19, 20, 24, 36, 39, 44, 48- 53, 56. .
ashings: 1,2, 5, 8,20, 36, 39, 48, 49, e . Q

- Boards, 1, 16, 19, 27 28, 30 31 39, 40, 42, 43, 48; : e
""“Sharing.l 14=- 16 18, 19, 21,27, 28 ‘30, 31 33 35 37-43, ‘45,

46 48 54, 55

54 55 ' BN o _ i
13-15; 19, 23, 27- 31 34,.37-44, 48,
'4 15 19, z& 27, 28, 39, 31, 34, 37-44, 48.




Shortcommgs of Bamboo and How to Overcome Tbem :

:

- g

T “The culms of sofné bamBoos have gere. e drgssmg off. nodes ofmhole—eulms may - . Fro e
~ tain characteristics {in combinations, and" ‘l\mg Culrns may be spht BN
. in degrees, which vary from species to _ Finally, & -
spucms) that limit or redice their suita~ the desigh of the: structure and :ts archi-
- blllt)’ or versntlhty as bulldmg material, tectural details. may be modified to a cer-
A careful stucly of these limitations, how- = tain extent to uiilize more effectively the
'-e_ter_.__shows that: most of them can he over- nature and peculiarities of the building ma-
.-_come, ‘or mini.mxzed apprema.bly ¢ teriale .
Varlable Dlmensu:ms - + Extreme FlSSlblhty
o 15 dlfheult to secure culms very . . ' With the excéption of thick-walled bam- _
'closely standardmed to’ a.ny given set of boos such as Bambusa tulda and Dendrocal- I
'dlmensmns. For this redson, the process- . amus strictus, or those with relatively soft
ng ‘or_fabrication of bambeo cannot easily. . = :vo_oci' m certain species of Guadua,
be mechanized, and its utilization generally . ' bamboos have a tendency to split'easily, a- - - - .
falls within the Tealm ofa _handicraft. tendency that precludes the use of nails.. It
T With- sufficmntly large ‘supplies of culms .- also limits the range of techniques suitable
avallnble the 315advantages of this varias -~~~ for ‘the framing. or joining of structural units,
'blhty may ‘be overcome to a Certa_m extent T Suggested r_e_me_d_i_es are toruse the less
y exercising special care in the selection - - easily split culms of thick-walled species
and grndmg ‘of the rhaterial. Further [come Ut 81 pufpioses where high fissibility-is.a dis-
.pens' tmn may be achteved by gwmg specmi ' _ advantage, to rnake end cuts just beyond a
' ' riode where feasible (the nodes have a higher
.sheéar coefficient than the internodes and =~ . i

~ ‘hence show’ less tendency to split); to fasten ' S
o+ joints. by means bf thongs or other. lashing .~ S
. mateérials; to ‘chisel or bore: holes to accom- ' S

- TN e nails, screws or pegs.

: “Low Durabthty S e
te_' .of tﬂpel'-_ This unevenéss and the " Some’ bambogs are hnghly susceptible o
» Y hiCh is more m&rked toward the _f T mvasion and. partial destructmn by wood-
~ éating insects, s ch as termites and powder
" post beetles. Sp cfes with relatwely low
' suscephblhty m y be. sehcted and the culms

ST Most bamboo?s a?lso s}?aﬁr 'ing'ﬁ suscep’ﬁ- o
- bﬁ.tty to rot. fungi espenally_.under damp cOon-.
d1t10ns and m contact w1th moﬁ.;fso:l Here o

'?:;l.to prolong -
the usefulness oflbnmbous“exp&sed to mmst o




P-reservation :

-"Ba.mboos vary frorn specxes to spec1es U

fungi probably exists.

-':':_—‘ e Both the-st&rc}r-&nd-the-mmsture conten_t
the culms o,f -a. f‘ew Hak b.bs,.,.nntahly.Guaduiy_

angushﬁ:hﬂ ﬂppa.rent ' have a relatwely

fu-st two years or so. The starch” content

_.may increase-or decrease from theBaseto I

the tip of the culm.' Any reduction of the -
starch or moisture, or Koth, tends to reduce
“‘the incidence of attack by wood- -eating insects.
It has ‘been found at the Federal E.xperlment

3

the’ culms i a natural and effect'we means.

~of’ redﬁﬁﬁmme ]

tml steps oi thls procedure follow: .

- — T

e but k-’e_ep‘- it in.an upnght position in

the clump .
w02, Dust the fresh-&ut lower end of the culm at once by pattmg it
vith a dustmg bng 111ed wu:h a 5-peréent (1: 2.0) mixture oi DDT and

A stmilquy correlnted SUSCEPtlbﬂlty to rat

-
"o




bemg glveh\to the physmal charactenst;cs
N
of- ba-mhoos. N - :

For much userful mformahon on,preser-
vation of bamboo consult the artitles by
-H..J..Plank, J. C. M G&rdner -E. P, Stebbing,.

- and G N. Wolcdtt listed {inthe b1bhography.. '




o
»
-
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‘___Skillsi%equifriémems. | ) o

.slels reqmred in- bmldmg with barn- Weav?xng bamboo lattnces wattl.ng,
_ . the basic ones of the builder's trade,. -. and’ matting. .

”;’{together with ‘others that relate parhcularly _ Makmg bamboo sfungles, : ) .
" to“the"pecuhar:ttes of- bambo&a& a-‘material e Makm.g bamboo-nailk and dowels.

' 'for house construttlon Among the latter R N -
. : _ . j Thesé and other techniques will be treated

 fully in.a.general work on bamboo ut111zat10n
_now under. preparation. |
. In most’ dreas where bamboo suitable for: -~
bulldmg purposes occurs in sufficien quan-'" B
'_tttles to Justlfy. 1ts_. use, na__twe_artlsa s;w_lll

be found who ate acquainted with the|basic - -
technigues of butldmg with it. Asg su gested b

_ elsewhére in these ‘pages, consultant.é on
»'housmg and: housu'ng materials will do well
. to ﬁqumﬁt thmsel\;es Wlth these rnen and

_ Determmmg the su1tablhty of.a giv.e
'bambpo for a gwen p{i"z'pose. i ’

new ideas trled ou‘t, both -in the workshOp

aﬁd pn—the bulldmg sxte. e




i\

omne of these may hnve to perform
jar to the processing of bamboo

, reasoh, would not be available
at the sourfes of standard carpentry tools.
The Chinésle tub- and bucket-maker who uses
‘bamboo as his raw rnaterial requires an ar-

_ ray. of somé thirty different tools and gadgets, ~

- all"ef which are employed at one stage or~ ‘¢~ -
another in the mea.surmg, cuttmg. fitting,
and assemb mg of the vanous parts W‘lth

wi _be gréatly réduced 1.{ tools made of
molybdenum steel or an equally h/ard alloy

- Use
RN . Y A
I - M;scellnneous felling and Preference of the user de-
T and trunmmg culms, aqd cut- cides| type of blade selected:

'j*tmg ‘them tg. lengths Temov- long, au'ly hzavy blnde rel:-' '.
" ing fragments of: d1aphragms orrlme ded.” -
irom bambou boards etc.

mg the pa . e.

rn l_ogally pre-

""_'er ingize: and !
.. shorthandle. -




. ~ I S . o .
ﬂ{&dz . R e Removmg dmphragm frag- Standard des:.gn‘ best qual- -~ "
T o ments and !g_xlr.l'less soft wood™* 1ty steél, . e
- ‘ e basal ok ba.mboo _ ," -
i ' boards. Spud is mpre con- ) )
i T vemeﬁ'tﬁuf “thHe adz is*more - : . : o )
' generally available, R 2T
.. . Remnvmg diaphragms to  * - Curved 1Iront bent) l-mch
make troughs and drain pipes and l-{-ifnch bits. ° Coy

from split-or opened culms. . o L
. R Ma‘king holes in culms to ac= Best steel (molybdenum ' L ___
x o comodate lashmgs for end steel if avaﬂable), 3/4-mch
E ! ' tles.- ST - bit. ' S

. . - 1
. *

- S : . A S

-Makin holesl'to accornadate . Hand- or power’-driven drill;

bamboo plns or dowels. metal drilling bits, best steel,
) S assorted sizes, 1/8-1/2 inch,
: L i A . - . " .

e e e Levehng promment culm _ Lnrge size, with- one l‘lat

nodes. L . side, one convex; coarse me- -
: dmm, and. Ime ‘teeth o

: e . ."... R Fa.c:hta.tlng t'he spllttlng of Bee sketches,'.lig. 24.
' S -,-whole l:ulms ar seqtlons i'nto o
seve al stnps at once,

) Fof splittmg small culms. (a) Short handle, ‘br oad bltde
_ o MgEsA) ot
_(b) For makmg bamboo - (b) Longhandle; blade bevel-
: T ed- on onb side pnly, to _be

Sgggesf;d ml.mmum' one each
-._of 3/4 inch by 10 feet and 1/2
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Differentiation and Evaluation of Species

"Bamboo is a collective term here in- « that together determine the suitability of

barnboo are charactenzed by properhes _ oy
‘ . . - : ,...-—"'_'___"_"‘— —_——
L W)th the a)d oi a local resldent who knows the bamboos {preferably an artlsan .
' ‘? _who has some. personal knowledge acqulred through the actual use of’ b._g.mboo
; as bu11d1n3 material, or through the fabrication of bamboo obJects], study the
-local bambobs—in markets, in shops where they are bemg Iabru:ated in.
" . houses where they have been employed-as bu11dmg materials ani {'in the field

~

that are used mtercﬁangeably for rhore than one kind. Distinguish = ' .
those’ ‘that arq applied in’a general sense from those that are :-.pecrfu:
Estabhsh for each ent‘ity a-nambered card or mformat;mn sheet on _
whi¢h to Assemble and dysternatize mforrnatmn subsequently gathered, )
with reference to documentmg spel:lmeﬁs photographs descriptive ' '
/" ‘notes,and so forth, 2
Docurhent the ldenhty and pecuhanhes of each kmd by means of stand-
"ardlzed snmples ‘from represeritative culms, and by rieans of pressed
"and dried. spec:mens photographs sketches, and’ descriptions of the
different’ parts of the plant, - (For details “with regard.to structures St
_ -_'nee,d-ed and the pro;.eclures to follow, see the section’ qn how to cohéct
S ._-bamboos ) It Wlll be a great service to the cause of science, and to
" . thesé who are endenvormg to extend and systemahzé‘the existing °
) "kpowledge of the various kinds of bamboos and their. usas, if duphca*e.s 2t
-"of such-material- (specimens, ﬁhotographs and notgs) can bé sent to a .
'-spec_la_llst for study, 1dent1f1cat10n and permarient preser"'ahon in-a
centrally lotated repos:tory, such as. the Nattonal Herhnnurn Srmth-

as lwmg plants .
ay . List:all cogruzable entities’ by lp 1 names noting.all of the namer

= .

éach kmd as. related to its $u1tab111ty for
onorny-{add youLown observatmns to those _

tended to indicate the cufms (stems), or the their culms, or the substance thereof, for a-
.'_produo:t of the culms, of any of a group em- © given purpose. Th‘lS point will be recognlzed
‘bracing many- dlffe_r.ent‘ﬁ;nds of gras_éTiR“e“*_-— ~~-.at once as basic,

‘woody plantsi” The term may apply also to _ Once this- pnrﬁttple is recogmzed the
l-ivmg”plants—of any of the 5pec1es or varie-, next step is to become acquainted with what
_'t;es .comprising the group. "Anyone who - = kind kinds of bamboo are ‘available locally and to =
:w1she5 to use bamboo or fostér its use is o K learn how their characteristics relate them

-‘adwsed to learn to d1$cr1m1nate between the to the exlstmg need for building materials.
_mdwldunl kinds, and their respectwe char- i The foIIOW1ng gengral Sugpestions are in- S
aractenshcs instead of thmkmg vaguely of tended more as a systematic ana1y515 ontﬁe__ 7/
'bamboo as-though it. were all one thing. He . problem than as a hard and fast procedures | N

" should do so because the different kinds of ) under any particular set of circumstancesg‘_ '




L g Restudy structures and o’(‘ects ‘made-of bamboo wxfh a view to—
R - {1)- Confirming or ellmlnatmg listed uses as _reported by the bamboo
R workers. : : .
v _ -.(2) "Ascertammg the actual and rgu}atxve durnblht‘y of the various
_ T kinds in use as bulldlngmtertal causes of detenoratlon. pos—~ .
C sible medns of increasing durability of partg’or kinds that give
way first, either by improved design or. by /use of another kind
of bamboo, or by the use of preservatives,
,  (3) Listing the characteristics of each kind asirelated o its suit-
. . ability for various uses. : T
‘2. Set up comparatlve tests of the local bamboos to ascertaln their relative dur-{-
' abihty under either actual or simulated tonditions of use, Indrawing up the
© outling for the tests, keep -in mind the following poss:ble_urlg_bl_es_tha.tmy
$ - have a bearing on the. outcome of the tests: Kmd of bamboe, agé of ctil‘xfr”'s"é;-
L ' somng and;storagg history, preservative trentments and’condltlons of exposure.
LI 1 ~  in soil and in- a.'r - The outline -of such formal tests, and,the forms for record-
¢ checked by competent specialists in/experimental design,

. mg datn;,sh%_l_

s e m P L)




_':__..tion of the distinct entities’ with which we _
L.areto deal as- bota.‘rrlcal anits and as poten=+1 ‘w’
tml sources of useiu,l raw materlﬁts. To -

bous whether ihe bean_flower or not A
"_"prc»perly selecte;d abeled, and preserved
series of the vegetaﬁve struetures called
. for below will be entirely adequaie.as a
.:--_-means of recognizing and. descrlbmg a given.
bamboo and distinguishing i omn othet
kinds. Tnh* reproductive structures are’ _
-:tradxtlonally requirgd for tdentlfzmg bam- -
" boos -and many other plai;n.ts but vegetatwe'
_sfructures have. proved to bea practical -~
basis for field identification of bamboos:
'he avera,ge clump of bambog presents
_flowers only once, after many yenrs of
:groy_vth .' - -
‘Never m}x mnterla.l from t\y;o dlstinc§ '
plants under the same numbér on the as-
sumptl.on that they represent the same bam-

B wary lest ‘you collect,’ u.nder jone

Culm Shea.ths
d_conditidn preferably frum no

rink

. :size‘ hﬂ:ludn

' t‘ntir basm Murk tmdLm mzmhw Mpd Co

Avation:

Collect at least ten culm shea}’hs comp]ete and in -
des ab&o e the {ifth node “of a mature-
) qssible collect also seve'r '

re__ss cut’ or Iold to 10 by 15 inches or less; keep all ]?arts. o
t'spread a’ sheath’ wlfhout,breakmg it, let it roll upﬁnﬁio not .

ome hbw the\upper surfnce.-

‘melected bfnnn‘h.fgmpmrqnnt. Cut :kEf b&-amhes

» .
.' ’
. . . . -

_ : .. . R A _ _

I L o or . Lo T g nps +
s Collectm-g Spe.c:u-‘n.ens for JIdentification

. . . a. ot

. Our 3oal is the recogmt;on and dehnea- 4 Dumber, two or more\@ﬂferem bambooshso

“‘j Tlesely. assacmted in their growth as to a i
ch

pear to be all'a part of the same ﬁnt
‘mixtures camcause much tiouble,

+ Make spetimens for permanent preser-
‘Fragmentary specimens collected .

hastily,'_ ‘just for 1c_1ent1f1cat_10r’1_ frequently

tirn out to represent new species or new

records, Such specimens, often too frag-
mentary ‘to be identified with confidence but
too: mtrlgumg to discard, may be more of a
burden than a help, - - ° - -
To 1dent1{y a bamboo with conﬁdence one

'should have as complete a representatlon as’

-possible==by specimens, photographs, or de-
. scrlptlons—-—of the followmg structures

Sheaths, leafy twigs, branch complementi )
‘‘culm nodes, and internodes and rhizomes. _

Culm’

Flowering- branches,- seeds, and seedlings
will add greatly to the. value and’ usefulness
of the speciren, Seedlmgs and small .plants
may be pressed entu-e ' : : .

¥

1 from mid-culm nodes.
Press ﬂat. I.f too large»

‘Tie paper over tips ;0f unpressed sheaths to protect fr g‘l.le
1 tststent sheaths maj{ be- left attached to'a section’ of
gth dried; ‘and sent in thus.
i chly by art;f:cml heat miy be sent m whole,

m .of
Young sheaths, if. sle):lder
’phe more N

"r.'

o

_ I (_:_lude \l}lg\and httle leaves Young and old, healthy i ST
sed if any) ; P:‘ess p’npmptly,_ o

befpre ‘the leavas(icurl in. driers
g. At flrst change of drlers,

) _,_Uf a branch
tm of mature

some’ ‘the:lower. ’ R




) car’ded if space is hrrnted Addxtmnal 5pec1mens from lower anr}\up-pell-
partiof culm““are desirable but not necessary. '
uﬁlm Nodes and Internodes Culm. nodes and mternodes are bekt

o

: cir',lce'to- commodateﬂhmned space, or tg iac1htate drying. . y
) Rhizomes. Obtaih at least one complete example of:a rThizome; if
. facilities: permlt it i preferehle to obtain two 6r more units attacheg
T together to show t\y'pu:al brun.chmg habit, Wash and trim roots. Mark
seOF tag w1th~ collector wumber A sk“etch or.photo, showing proportlons
_ ~. --and branchmg ha‘blt ill verve ,jin plac:e of an actual §pec1men if facil-
A B Jities are llmlted 1N - ; ooy
R ' . Flowering Branches {if, present) Collect as long a seffies of flow-: \T
" . ering branches as possi”ble to show range of variation in habit, 1eafmessh
' stages of de\nelopment and go forth, Seek fruits (mature frgts usually h PO
fall qulckly) and put some in folded paper to.call attention to them and A
HE . ‘prevent loss, Distribute specimens thinly between thick driera; change
. _often tg d,r% promptlJy and prevent bgeaking up of splkelets. Unless ab-

E ' solutel)’u’n cessary to save paper, do not pile dried specu'nens together__ o PR
", _but keep thern in- orlgmal folders to'aveidmerious’ dnmage to §pikelets. i s
om0 Pug smgle example of long, fragile. splkelets {Qrthrostylldmm) in’ sep- . _

' .. arate envelope or folded paper-to ensire correct florettount, - J

.~ Seedlings. Special search should be madé for"seedlings under and ) .

' near flowering bambeods. In case of doubt-as th theiriidentity, seedlings’ e oLy
should bé given a: separa.te cbllector number frorn that of the supposed oL o
parent plant, but. crcss—reference “should be made in notes,,seitmg forth :

“eviderce of their supposgd relatlonsh'i.p The “seed"-st:tl attached to . CoE
'}‘er{ small see&lmgs is: s'ufhment Ior 1dent1£1catmn if kept: intact . "r;__=' o P

. shuwn on, ava;lable map, 50 that 1t r:an b
3 found agam, (6). hab'rtat (‘7) lol:alr narnes
' ..(dlalect) (8) local uses {9) datel collectd/._-
. (10)-collector’ s flﬁeld_nurnher and (‘ll) refer' o
s ence fo. photos, sketche Y n'nd so l‘orth i
\kept in separate book
Photo yraphs are, useful f.or showmg the
ha.bit n.nd proportions Q{ a t‘ypicai €lump, and:
the followipg features, pg,:ticufﬁrly if tirne L
-s’.—‘ls msufﬁcmnt oY making sp’ecuhens of them'

Ewing.. [!,‘l Hnbﬁ nl;elump ami eulen,
ti]"mxin'ﬁ;m eight vl ulm am’l éiamﬂer At
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