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ABSTRACT 

The struc tura l usc of txlmlxxl ::IS a mat e nal of construction rcqu 1res 1ndepth 
study of the s tren g th propert1es o f th e c uln1 in relation to its anatomy. :\ n experiment 
was therefore conducted to determine whether the presence of nodes on a oomlxxl 
culm constitutes a s ig nificant m:akncss to the streng th o f the cul1n Two parallel 
cxpenments \\ere conducted us1ng s..1 mples \\lthout ncxle and s::J111ples ''ith ncxle. 

T est results s hO\\Cd that the a,·cragc densitY. co lnpressive stre ss and modulus of 
, ~ 

e l::~.sticity for specime n \\ithout nodes \\ere I 161 . I Skg!m->. 66 OCJ N/mm- and 

J IS x I o -+ N/m m 2 rcsp_"C"tivelv . The correspo nd in g result s for specimen \\it h ncxlcs 
J ~ I ~ ' 

were I OCJS.69 kglm . 59. -+ .N/Innl- and .2 .6Sx I o· N/ n11n- ' One '':1y a nalys is of 
variance (:\NO\._-\) test shm,ed that there \\'35 a s ig nifi can t difference in the mean 
density a nd compressive stress of s..1 mplcs \\ithout ncxlc Jnd s..1mplcs \\ith ncxlc . It 
\\'3S therefore concluded th a t th e presence of ncxlc is a s ign ifi cJnt source o f \\eakncss 
to txlmboo culm . 

KEYWORDS: Bamlxxl culm. ncxlcs. propert ies 

INTRO DUCTION (I 9(J0) suggested th e procedure fo'r se lectin g and 
preparing ban1lxxl as rclllforccmcnt. Cox and Ge,·mJvcr 
(I 909) performed tests to de term ine the tens ile strength . Bamlxxl is a replc ni s h.Jble m.Jtcrial indi genous to 

many de,·eloping countries. It s usc JS J m.Jtc nal of 

construction has not tx.~n fully exploi ted except 111 so n1c 
cases where it is used as roof trusses. noor members ~md 

re inforce ment of mud walls. In the urban areas. the 
st ructu ral applications of txlmlxxl extend to being used as 
prop for fornmurk and as scaffolding during rendcri ng 
a nd plastering \\Drk on construction sites. In al l these 
.1pplications. the usc of the culm is txlsed on the rule of 
thumb and exclude eng,1nccring c.1lcul.1tions due to dearth 
of dat.1 on the material properties . 

Publi~hed \\Drk o n the stn1ctural .1pplications of 
OOmlxxJ Started tO appear Ill lite rature tO a J3rgc extent 
around mid-t\\Cnticth century. ~tcht:1. Upp..1 l :1nd Ch:1dda 
(I 951) investigated the \\'3tcr absorption a nd ,·o lum e 
change of oomlxxl. \tentzinger a nd Plourde t 1966) 
carried o ut tensio n :1nd bo nd test on untreated. \':lflllsh 
treated and sea ler treat ed b..1mlxxl. Francis and Pa ul 

I 

JC) 

i ' . 
bo nd strength. coefficient of thennal cxoans ion Jnd 
Ocxural strength of bJmlxxlunder sukti:lined load . They 
in,·cstig,Jted the properties ofoomlxxl :rcinfo rccd co:1erctc 
by ,·arying the type. \'Oiumc ;md trea'tment of bamboo· 
culm . ' Darvlc ( !976) identified bambOo structural form 
which do . not 1dcpend on bond ai1d can function 

s::JtisfJctorily in sp ire of poor dimension61 stability Jnd 1ow 

cl3stic modulus . ' i 
~ I 

Two separate ~tudie s on Sulphur-tre~\tcd b..1mboo poles 
(Fang ct. _;U~ i 970) Jnd s ulphur-trc~tc<:l ~m':xxl rcxls 
(Fang Jnd \ Ieilia. 1 CJ7S) showed thJt1 trcJted. ba mlxxls 
\\ere le ss sensiti\~e to \\:Jter abso rption th:111 the untreated 
o nes Jnd th:lt non-trc:Jtcd b..1mlxxl had li g ht bond \\ith 
concrete . J:tnssc n ( 1 CJSg) g;l\'c some \':liucs rc lat tng tile 
density of green a nd dry oomlxxl to thc tr re spective 
compress ion. bend in g and shea r st re sses for use 111 tile 
design of b..1mlxxl t r11sscs and beams. 



• 

e 

.. 

·'"---- ·--· -~-------- -·---- ·----~·-·--- ......... .,_..,......-... fl" fi\J azp E 

Researc h 11 ilo the m.xh3ni cal prope rti es o f tx.unbu.s;:J 
vulgan s culm, the most \\ldely 3vail 3ble spec ie of 
b.1mboo of structu ral value in Nige ri a had in di ca ted ' that 
the presence of 11cde was :1 pote nti a l sou rce of \Wakn ess 
to the streng th of the cu l11 1 ( On10jo la 3nd Ornoyos i. I 0 76 ). 
HO\\eve r thi s \vv1k d id no< p rese nt e nough da ta to show 
that suc h red uct io n in s tn:n1.:,th is sta ti sti ca ll y s ig nifi cant. 
O la teJ U ( l 093) in ves tig.:ned th e suitability of us ing 
barnbusa vulg.ans. s pl1111 as re i 11 force me nt in te rracrete and 

concl uded tha t th f Tplint \ \:tS m ore suit ab le than th e use of 
the w l10le culm . 1 .~deye nl1 :lll d Fagbe nl e ( ! 99<)) studied 
the effcct o f ar1~1t omy 3nd m cx:le o f sea.s.o n1ng o n th e 

strengt h pr01Xrt 1es of b3 m boo cu lm . It '-':tS co nc luded 
that amb ie nt - t e nq~ra t u re season ing \ \ :tS the best mode 

of ps.oning b:unboo fo r Imp roved stre ng th . T hi s wo rk 
a lso corrobo ra ted the fin d ings of O m ojo!J an d O m oyos i 
tha t the st re ngt h of a ba mboo culm tends to red uce d ue to 

_t he prese nce of node . T he obJeCt of this e .xpe nm e nta l 
\liOrk was to det e rm ine stat istically 1f the reducti on in th e 

st rengt h of bamt~o cu lm as 3 re sult of the prese nce o f 
ncxles is s tJ ti s ti ca!ly s ig ni ficant . T he result is expected to 

provide 3dd it ion !Il' i n forn ~ 3 ti on in the drive towa rds 
I 

slandJrdiz.ation ol\:).;) m boo as a mate ri 31 of constr11ction. 

I 

INSTRUMEI\1Tf~10N 
I ! 

The too ls ~n•d l eq u1 p nle 11t en1ployed 111 th1s resc3 rc h 
work \\e re m:Hchc ts. measu r ing tape. carpe nter 's fll c. 
prot·llllctcr tt ltllxflli lll . \\eigl11ng sc:lie. e lectnc 53\\l ng 
lll3Chilte·(banJ sa w). I OOOkN ELE Compress1on ni:.JCh ln c 

3nd vemier callqxrs . Th e prott 111e ter t i mbe n 11n1 \\a$ a 

ballerv/3c opcr~ll ed ha nd instmm c nt for determ ini ng the 

approXIma te m o ist ure con te 11t of wood and co ncre te 

b lockw.:ll l. .~red li g ht ( indicato r ) o n the IJISt ruJne nt ri ses 
I . . 

from z.e ro to the r~Uired II JO Js ture percl lll age leve l up to 
23°'o. 

I ! 
MAT ERIALS A~ D 1\lETHODS 

T he primary r,n a te ri31 e mployed in thi s \\\Jfk \\:IS 

bambusa \ Ui g,aris c ulm (f ig,urc I ) whi ch is th e m ost 

\'.l dcly avail able s~c i e o f lxlmboo in N ige ri 3. Fo r th e 
be nefi t of obt:-nni1\g; a uni for m :-~nd co nsisten t res ul t. th e 

cu lms \',1:': re procur~d fro nt a sing,le clump \\l thi n th e 

\iC1111ty of the Glmpus of Obafcmi .'\wo lowo U n1 vers ity, 
ll e-lfe. Samples selected for t he e.xpe ri merna l \ \Grk \\ere 

fdi r ly an d uni fo rm]~ ta pered c ulm s o f reasonab le le ng th s. 
- ' ' ! 

:\total of .30 rnfs il culn 1 i<.:ngtli s each ni11c 111e t res long 
\Wre cut 3t J lte1ght. 600!11!11 :11.xJ\·e grou nd lc,·cl us ing 
mJtch ets . T he s 1~e b rJ rt ches and o th e r bud-olllgro,qh s 
\W IC c:1refully tnlll ln ed a nd tr:.)llspo rt ed to t ile Dep.:rn mc nt 
of Butldi11g L:.Jbor:ll ory of the L' IIJ\'Crs it }'. for f.Jroccssi ng 
T we n ty culm lengths were fin:..t!l y sp lec ted for th e 
c.xpenme nt Fiex\Jra l tests \\ere el imi nated fro m the 

I . 
deSlt",n of the ..:·qx:n 111e rH because tes t spec1mc n h ::-td to be 
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600mm to be accommodated by heavv bCam ne.x ur3J 
- . I 

testing mac hin e. Nodes on th e bamboo culms procured 

\\ere spaced a t a pprox im a te ly 425 ± 25 mm 1intef\·al a nd 
he nce 600mm sp.:c ime n \l.lthout node could not be 
ob~i n ed. T e ns il e tes ts \\e re a lso no t in cl uded s in ce 
previous laboratory e.xpe rim e nts had indic3ted th a t th e 
te ns ile spec imen no nnall y fa il in shea r pa rall e l to th e 
g,rain s 3t the te ns io me te r g rips imrnedi3tely th e fo rce is 
a pplied a nd before 3ny recording could take pl ace 
(Omojola a nd Omoyos i. 1 9 7 6~ Ukpa i, I 033 3J

1
ld Fagbe nl e. 

1990 ). O nl y compress ive stress \\:tS th e refore feasi bl e 
• I 

\vi thin th e obj ecti ve of thi s e.xpe rim ent. l 
I 
I 

The sel ected 20 c ulm le ng th s \\ere di vided ,eq ua ll }' 1n to 
. I . 

g roups A 3nd B correspo nciJ ng to wh e re co m p ress1 \'e 
spec ime n without node a nd \\~ th node \ \ere i to be takc: n 
respecti ve ly. The culm le ng ths in eac h 'gr,oup \ \e re 

. I . 
numbered se n all y from o ne to te n be fore cutp ng sta rt ed. 
Eac h co m p ress ive tes t sp.."C imen w .lS .300 m in lo ng a nd 

. . I 
were cut se n a ll y a lo ng c;.:,c h culm le ng th 111 bo.t h g rou ps so 
that the pos iti o n of eac h tes t specime n above ground leve l 

is lu l0\1.11 . In the case o f spec ime n \ \l th nodes. it \\:tS 

e ns ured th a t the node occurred a t t he midd le o f each 
I 

sp.."Cr m e n. T he diagra ms of eac h group of spcumen 3rc 
shO\Vll in F ig ure 2. T\I.ClllY test speci mens \Wre cut from 

eac h c ulm le ng th a nd num be red se ri a ll y from th e botto m 
o f th e culm le ng th to the tip. Specin;c ns \~ th out node 

\\ere num be red AiJ w hil e th ose \\l th nodes \\e re 

num be red BiJ w here 

i is the se ri al nu mber of culm le ng t h 

i 11 a pani cu!J r group 
( i = 1.2 . .3_ --- _! 0) 

j is th e pos iti o n of th e spec ime n 
31ong, a cul m le ng th 
(j = 1.2,3,--- . 20) . 

The pos iti on o f 3 tes t specime n 3bove g round level 

v3ried from 600mm fo r j = I to 6300 mm fo r J = 20 3t 3n 
int e rval of JOO nun . :\ total o f -WO spec imens ( 200 
specime n per g ro up) \\ere prepared fo r seasonin g u nde r 
3m b ie nttempe ra ture . 

The ex te n w l a nd int e fll 31 diam ete rs of eac h fres h 
spec ime n \\t: re de te rmin ed with \'e nires cal 1pe r 3t1er 
whi c h th ey \\ere \\ei g hed a nd th e ir mois ture co nt e nt an d 

de ns ity de te rmin ed . The specime ns \\Cre the n le t1 to d ry 
unde r room tempe r3ture fo r 3 peri od o f four m o nths at1e r 
\\'hi c h thev \\ere "e ig lt ed aga in 3nd th e fin 31 moisture 
co 111 e nt ;)li d de ns ity de te rnlJn ed. A ll tes t SfX."'C i 111 e ns \\e re 

seaso ned to 3 1no ist ure co nt e nt o f 12 ± 0. 15% o n dry 
bas is . 

T he spec int CII in eac h g roup \\ e re car e fu ll y subjected to 
co m p ress 1o n load o ne at1c r th e o ther us in g I OOO K N ELE 

co m p ress io n mac h ine . Eac h .s;:J mpl e \ \ :tS posToned such 

! 
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Fig. 1: Bamboo Culm 
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Fi g. 2: Sampks for 
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Fig. 3: Mod~s of 8J111boo Failure under Compression 
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that the bottom pan rests on the bo(tom platen of the 
machine whi le the top platen fixed the specimen in 
upnght posi tion . This ensured that compression stress 
was evenly distributed parallel to the grain of the 
spoci men_ A i spec1 men was loaded by clockwise 
tightening of the 'I6ad.ing valve . The black ~inter on the 

. I . . . . 
scale then earned aloog ~1th 11 the red powter at the pomt 
the speci men st~ed to experience compressive stress. 
Immediately the rnhterial failed. the black pointer moved 
back to the zcro point leavi ng the red pointer to be read 

off. I' 
The modul us of elastic1ty in compress ion was ob(ained 

by dividing the product of the load at failure and the 
ga;Jge length by the product of the cross-sectional area 
and the axial shortening. 

. E == PU . .U ( I ) 

where. 
E is the modulus [of e lasticity 
L Is the length of th e test spc<"i men A is the cross­
sect ional area 

~ is the a.x ial shonening. 

Analysis , of vanance (:\NOV:\) test was 
performed to kno\\· whether the differences among the 
SJmple means of the dens ity and that of the compressive 
stre ng th for spec imen \~~t h node and specimen '~thout 
(lode \\~re sig,nificant. T\\Q s imilar null hypo~. heses m::re 
thus fom tul ated ~lS follows 

l l ) There 1s 1\o diiTerence in the sample means { Ud) 

of the densi t\' of spec imen \\ith node and specimen 
\\1thout node . 

Ho Ud l == ud2 

HI L'd l zUdl 
i 
I 

(2) 
. . . I 

There IS no d1ffe re nce 111 the S3mple mean tUcl 

of the compressive stress of sp._"Cime n \\ith node and 
spec1men \\ithou t node . 

Ho Uc l = Uc2 

HI Uc l = Uc2 

Level of sig.ni ficance : = 0. 05 
Criterion : ReJect the null hypothes is if F>F 0 05 = ~ . 12 

in the two cases. for K-1 = I and N-K = 38 dc-g,rees of 
fnx'dom ~ 01.herwise. accept it. 

R£SlJLTS AND DISCU SS ION 

The average g,ree n densi ty. comp ress ive stress. a nd 
modulus of el~t icity for the 200 specimen tested under 
g,rt..ups :\and B are sh0\\11 in Tables I and 2 respt."Ctively. 

22 
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Table I Average Dens ity. Compressive ! Stress and 
Modulus of ElasticitY of Bamboo Specimen ,\1thout "lode 

. i 

HAG* Go• CS* 

600 12~2 . 38 75.~6 

900 12-W. Il 7~...t 3 

1200 1212.45 72.17 
1500 1201.1~ 7105 

1800 1199 .08 7 0 ()<) 

2 I 00 11 91.1 <) (>9 .99 

2-WO I 189 .05 69.25 

2 700 11 8-U~ 67 .99 

3000 ll75 .. n 67 .93 
3300 11 6() . 18 67. 15 

3600 11 60. 18 67.00 

3900 11 55 53 65 .81 
~200 II~ 7. 77 64. 17 

~500 11~1.-+6 62. 18 

~ 800 113 8.85 62.08 
5 l 00 11 3~.23 61.16 

5~00 1121.28 60.88 

5700 I I 19.29 53. 15 
6000 I II 1 .4~ 57.86 

6300 989 .07 57 0 I 

:\ 11 61. 18 66.09 

Sout·cc: Experimen tal Resu lt 

* HAG- Heig ht :\bove Ground (nun) 
GD -Green Density (Kg,lnr' ) 
CS --Compressive Stress (N/ mm 2

) 

~ ~ ~· 

~ .3 7 

~-~ ~ 

J . <>6 
3.85 

3. 7t7 

3.64 
3.-W 

3.3 I 

3.2 7 
3. 19 

3.08 
2 <)<) 

2.92 

2.77 

2. 71 

2.66 

2.65 

2.·-13 
2 . ~ I 

1.38 

3.20 

~viE - 1\ lodu lus of Elas.tici ty x I 0 ' ( N/ mm 2
) 

The tables sho\\ed tlwt the de ns ity and strength propenie:s 
of bamboo occre..\S<..'d along the length of tlte culm from 
the bo{tom to the tip . The variat ion of the & nsitv for the I . 

specime n \\ithout node was 12~2 JSkg,lm~ at 600mm 

above ground leve l to 989.07kg,lm3 at 6300mm above 
g,round level. For the specimen '~th node the 

corresponding v·.1riation of density was I I CJt. 2-lkg,l m3 a t 
- J . I 

the bottom to N9.)9kg,lm a t the t1p . IThe average 

density for the specimen without node \\as I 161 . 18kg,lm3 

a nd 1008.69kg,lm3 for the specime n \\ith node . . The 
prese nce of node therefore d.."'Creast..-'d th~ dens ity of 
bam boo cu lm . 

In the cotnpress io n test. tlte failure of the speci men 
\\d.S ei ther by shearing. splitting. rupturing, or a 
combinati o n of these (Fig,ure 3). The compress ive stress 
for the spec1 ntcn \\ithout node decreased from 
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" 75 . ~6N/mm- at the bo t! o m ·, ·, 5 7.0 I N/ mm- at th e tip. 

1\ 

.. 

The variation of the comp.-e~ .. "' '/ ~ ~tres:; for SfY-'Cimen with 

node ''-ill 68 . 9-~ N/mm 2 at th t \..ottorn to 35.8-lN/mm 2 at 

the tip. The ave rage compresszve- stress was 66.09N/m m 2 
~ 

for specimen v.ithout nc"lie arh: j •) .. t I N/mm·· fer specimen 
with node. The prcs~nce o! noc~ on a t':Jmboo culm 
therefore. is a source of wcai·~ ;:ess to the bamboo. The 
results of the modulus of ·:' astici ty showed similar 
reducing tre nd from the bonm' ; ·~·fthe culm to the tip. For 
specimen witho ut node. the lT":d ulus of ebsticity varied 

from -l .37x !O-l N/mm 2 to :!. .33 x l O.tN/mm 2. The 
corrcsp<mdi ng variation for ~ -,.~ im en with node was 

3 . 38x!O~N/mm2 at the bonom to 2 .20x lO~N /mm2 a t the 
tip. The average modulus · ' elasticity fo r speci men 

,,;thout node was 3.20 xl(/' !fmm2 and 2. 75 x!04 

N/mm 2 for specimen with nro~ 

Table 2 · Average Density. Compress ive Stress and 
Modulus of Elasticity of DamLc.···. Sp~cimen with Node 

HAG* 

-· 
600 

900 

1200 

1500 

1800 

2 100 

2-1 00 

~00 
3000 

3300 

3600 

390() 

-1200 

-l500 

-t800 

5 100 

5-lOO 

5700 

6000 

6300 

:\. 

GO* I 
I 

I . -) * I ME* 

11 95 .. :-l jr. 
l !9-\. I I (. 

-
11 9 1 07 (, 

II 1!9 04 (: 

I 18/l . ! 7 ( • 

--· 
118-1. 2) 6 

. - --
11 75 .42 ( 

~ - - · 
11 68 .9 :2 6 

11 52 .-14 {· 

I I-~ 

Ill 

11 0 

~;~ i=-~-
{1 '..., / • • 

11 05 .65 ' 
-

!103 .M :: 

-· · 
1101.5 5 

- · 
1030.2-t I . 

I 

C)85~: 

C)E·u-~ 
322 73 : 

-. . .... i--::--c:-::--j 

7C)') ~9 h 
IOC)S<)q ~ -- ~ 

,..:. i ~ . 20 
·--· ~..,~-
' ~_!__-_:_:_?__] 

Source : ~Xp('rim e nta1 /.J ~. , _;; :; 
i 

• HAG- H ~ ight Above Gruu: ,l :Hn ) 

GD --Green Density (Koj: · I • c 

CS -- Compressive Strc:s..< · ' '/ mm~) 
I , , -1 ., r.u: -- 1\-~odulus of Elastic: !· •', l 0 (N/mnn 
! 

r _ .J 

..N.]Of. 1'(1[. 1 . . Nil. l. !OOfl 

The results of the ANOV A tests for the dens ity and th e 
compress 1ve stress ;Jre shown in T ables 3 and -l 
respccti ve I y. 

Table J: ANOVA Test Result for Variation in Density 

Source Degrees Sum !Mean 
of of of S-quare 
Variation Freedom Square 

Experiment I 3903 2.5 0 39032 .50 

Error 33 3 !95 80.09 84 !0.00 

Variation 39 3536 12.59 

Source: Expe rim enral Analysis 

Table 4: AN OVA Test Result for Vari a ti on in 
Compressive Stress 

Source Degrees Sum Mean 
of of of 
Vari ation Freedom Squa re Square 

' I 

F! 

-l .M 

F 

Experiment I 4-t5 .02 
' i 

4-t5. 02 7.04 
: I 

Error 38 2 ~ 0 1 . 10 63 ~ 1 9 
I 

Variation I 39 28-16 . 12 I 
I 

Source : Experimental Analysis 

Table 3 sho\~ tha t F = -U'H > F0_05 = -t : 12 . Hence th e 

first null hypothes is was rejected and it \vas concluded 
that the prese nce oi a node contribute significantly to the 
reduction in density of a bamboo culm. Also from Table 
4 . F = 7.04 > F0_05 = -l.12 and similarly. the second null 

hypothesis \Vas rejected and it was concluded that the 
presence of a node contribute significantly to the 
\\~akness of a bamboo culm. It appe;lred that result 
obtained from samples with node are more realistic for 
use in des ig n s ince bamboo stmctural membe rs will in 
rea lity contain a numbe r of nodes. 

CONCLUSION 

The experimental work revealed th at: 
l . The density and st reng th properti es of bamboo 

decreased ,from the bottom of the culm to the tip . 
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2. 

3. 

! 

The pre5ence 
I . 

compressive 
si~nificantly . 

l . 

of nodes reduced the density and 
stren~th of bamboo cul m 

.! 

Data obtained from samples \\ith node \\.1:!re 
more realistic for use 111 pr.:ictical structural 
desi~n ,.;; th bamboo. 
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