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The structural use of bamboo as a material of construgion demands forth~ deeper 
study. of . the mechan~cal properties of the culm as regards its 1_1odal and internodal 
sections. Most literatu res have concentrated majorly on the use of bamboo as 
reinforcement in low modulus concrete with little or' no regard on the other factors that 
affect its structural performance This study therefore investigates the influence of nodal 
and internodal sections on the strength properties of bamboo 

The results indicate that the average compress1ve stress was 59.4 N/mm= for the 

internodal section-and 66 .09 N/mm- for the nodal section. The average flexural stresses 

were 35.78 Nlmm- and 46.44 N/mm: respectively for the internOdal and nodal sections 

~he average m,odulus of elasticity was betweer:~ 2.68 and 8.22. x "164 N/ mm= for the 

nodal section. It is ca.ncluded that the strength of b.amboo·culm is a function of the nodal 
and internodal sections and that nodal section has highe(strength when compared with 
the internodal sectron 

INl'RODUCTION 

• . 

. . . · Bamboo is a ~eplen.isable material and is indigeno±to many tropical countries. 
It has not been well exploited for major structura"i and engYn ering appliCations except in 
some few area's where it is used as roof trusses. floor me bers and as columns. It 1s 
predominantly used in the urban areas as prop for formwor'k. and as a scaffolding during 
plastering work on construction sites . etc . 

The dearth of research results on Nigerian bamboo .is striking and investigation 
on the use of bamboo in Nigeria has revealed that Nigeria grow three maJor variet1es 
namely Bambusa vulgaris. Dendrocalamus and Oxyten antheria . Bambusa vulgaris 

' , *To whom col"riispOndllntiiibeMidressed 
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however has the most extensive distribution and is available mostly in the southern 

states including Oyo. Osun. Ogun . Ondo. Lagos. Ekiti. Edo and Delta States as well as 
Enugu Abia . Anambra . lmo and Ebonyi States. Olateju (1993) reported that 

Oxy1enanthena is commonest in the northern part of the country and is founacrt the 

fnnges of the forests and swamps. 

LITERATURE REVIEW 
... 

Publishea works on the structural use of bamboo was not available until1914 and 

to a greater detail in 1950 (Oiateju. 1993).Zhou (1981) carried out a comprehensive test 

on the influence of age on green (wet) and dry conditions of bamboo and Concluded that 

there is an mcrease in strength properties up to 6 years for tensile and compressive 

str.ength and up to 8 years for bending strength·with a decrease in all strength properties 

m older culms. OmoJola and Omoyosi (3) reported that bamboo and Sapele wo;d 's 

ultimate stress IS nearly the same and usually about the same as that of concrete It was 

further reported that fatlure occurred more readily m tenston than m compresston tests 

and that the mode of fat lure was a repeated one splitting longitudinally. 

Janssen (4 5) formulated design standard for determining the allowable stress for 

bamboos by arnving at the ratio between the density of dry and wet bamboo and the 

compressive . flexural and shearing strengths as shown in Table 1 Mehta . etal (6) (1951) 

mvestigated the water absorption and volume change of bamboo . Menttzinger and 

Plourde ( 1966) also earned out tension and bond test on untreated . varnish treated and 

sealer treated bamboo . 

Table 1 The Ratio between the Density (kglm3
) and the Allowable Stress 

(N/mm 2
) of Bamboo 

Compression 

(No Buckling) Bending Stress 

Dry Bamboo 0 013 0.020 0.003 

Gret?n BambOo 0.011 0.015 

Source: Janssen J J A. (1988) 

In Ntgena the most wtdely available specie of bamboo of structural values is the 

Bamousa vulgans an·d littl e research efforts have been geared towards its 

standardizatton as an engtneenng mMenal. Lucas and Ogedengbe (8) (1987) studied 

the shnnkage characteristtr.s of ~boo and came to conclusion that bamboo culms 
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shnnK mamly m the radia direction and that there was no measurable shrinkage m the 

longitud inal directton Nwa (9) (1978) explored the use of bamboo as a drainage 

matenal and found that it could be used effectively as field drainage . Olateju (1993) 

mvesttgated the characteristics and technology of Bambusa vulgansremforced terracrete 

sl abs by determining their phys.ical arid structural capabilities He then concluded that 

BamDusa vulgans is a viable substitute for light flexural applications 1n affordable 

housmg co mponent development and that bamboo splints performed better as 

reinforcement than when the whole culm is used . Fagbenle (1 0) (1990) also investigated 

tapering and the strenght properties of bamboo and concluded that bamboo tapers from 

the bottom to the top Moreover. the strenght decreases with increasing height 

Standardization of the application of bamboo as an engineering material is 

however achievable only when design details and methods of fabricating components 

are evolved This calls for more indepth study of the mfluence of some phystcal 

conditions on the variation of strength along the length of the culm Thts study therefore 

attempts to investigate the mfluence of nodal and internodal condittons on the compressive 

arid flexural strength of bamboo culm . 

Protimeter timbermint is a battery operated hand mstrument used for the 

approximate determination of mo1sture content percentage of wood/concrete blockwall 

A red light (indicator) makes from zero to the required moisture percentage level up to 

28 percent. 

MATERIALS AND METHODS 

The primary materia l employed m this work was Bambusa vulgansculm and thts 

was due to its w1de availability. For the benefit of obtaining a uniform and consistent 

result. the culms were procured from the same locality 1n a bush directly behind the mam 

Blls Stbp of Obaferii1 Awolowo Universit~ . I Ie-Ite. Nigeria 

In ctioosihg samples for this work. selection was inade of orily those samples with 

sirc:iight fairly uniform and reasorlai:>ie lengths.A total oi thiny .. tvJo c32J fresh safnpies 

were cut at 6bO mm above the ground level with the aid of a matChet. The side brandies 

and other bud-out growths were thEm carefully trimmed a lid trahspbrted to the Faculty of 

Erlvirohmental Design and Management Laboratory dt the University tor proces~ing . 
T~enty eight culm lengths wete finally selected for ttte experimental wof1( and wete 
divided into two groups (A and DJ of 14 culm length each . Group A relates to where 

cotnpressive test specimen were to be taken while group D corresponds to flexural test 

specimen Each group was then divided mto two sections of seven culm iengths per 

section The sectiohs denotes the nodal and internodal investigations using ambrent 

temperature as thi:! only mode of seasoning . The term -internodal" here means without 

noaes occurihg while the -nodal ' means with nodes occurlng at the mid point. Twenty 

300 mm long compresSive test specimens were selected from ttie culm lenQths in group 

A M-ille ten SOC iiiiii IOHg flexural test specknEm were 5eieCted from eath dJim iengtfi in 
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group D. A tot~l of 40 specimens were tested in each group of the compressive test 

while 20 specimens were tested in each group of the flexural test. All the specimens 

were taken serially from the bottom of each culm length to the top. The specimens for 

the compressive test were numbered AN and A
1 

while the flexural test specimens were 
IJ IJ . 

numbered ON and 0
1 

where N and I denote the nodal and 1ntemodal sections respec-
'J IJ 

tiv.ely. .i is the serial number of culm length in a particular section ( i = 1. 2. 3 ) J is the 
position of the specimen aiong a culm length (.J = 1. 2. 3. . . 20) 

The external and internal diameters of each fresh specimen were measured w~th 

vernier callipers after which they were weighed and their moisture content determined . 

The specimens were then left to dry under room temperature ins1de the laboratory for a 

total period of four months after wh1ch they were weighed again and the final moisture 

content determined 

The compress1on spec1mens were ca refully subjected to compress1on load one 

after the other using the 1000 KN ELE compression machine wh1ch was switched on at 

the mains and at the switch on point. the black pointer on the scale then earned along 

with it the red pointer at the pomt the spec1men began to expenence compressive stress . 

Immediately the materials failed. the black pointer moved back to the zero potnt leaving 

the red pointer to be read off . 

The flexural test was performed ustng Avery Universal Testing Machine . In this 

case two strong plank.s were used as loading platforms . The base platform wh1ch is 

longer and the upper platform had s1zes 55 x 12 x 1.2 em and 25 x 12 x 1.5 ern respec

tiv.ely. Two steel supports were fixed into the base platform and close to each of the 

ends Similar steel loading was fixed to the upper platform for one potnt loading The 

600 mm long bamboo specimen were placed on the base platform one after the other. 

The upper platform was then fixed tnvertedly in position 1n such a way that each load 

point touched the bamboo specimen when the testmg machme was sw1tched on 

RESULTS AND DISCUSSION 

The results of the compress1ve test indicated a decrease in the ultimate 

:ompressive load from the bottom to the t1p of the cu lm for t:>oth the nodal andintemodal 

sections The result further showed a correspondmg decrease tn the compressive stress 

from the buttom of the culm to the t1p . The compress1ve stress for the mtemodal section 
- - -

ranged from 57 01 Ni mm"' to 68 94 Ni mm"' and an average value of 59.41 Ni mm" while 

- -
the compress1ve stress forthe nodal sect1on ra nged from 57 01 Nimm" to 75 46 N;mm" 

ana an average value of 66 09 N/mm2 The modulus of e1ast1c1ty tn compressiOn was 

calculated · by dividing the product of th e load at failure and the gauge length t:>:y the 
product of the cross-sect1onal afea and the ax1al shortenmg (E = PL·rJ The moau1us oi 
rupture_ was obtarned by usmg the equat1on 
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.\I< JJ< = El "here 
bct= 

= 

= 
= 

ultimate load (kN) 
span (mm) 

d = external mean diameter (Case and 9hilver 1971 J 
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Tables 2 and 3 show the variation of the structural properties with height above 
ground for the inteillodai and nodal sections respectively The results .also show higher · 

values of both the modulus of elasticity (2 38-4.37) x 104 Ntmm2 and modulus of rupture 

(6 .22-9 .99) x '104 Ntmm2 for the nOdal sections when ~mpared . ~ith the internodal 

sections (2 .20-3.38) x 104 Ntmm2 for modulus of eleasticity and (5 Q1-8.22) x 104 Nt 

mm2 for modulus of rupture . The low~r modulus of elasticity and modulus of rupture for 

the internodal section could be trac~d ~o lower failure load and higher a>:ial shortening 
than the npdal section . The density oHhe culms also showed a corresponding decrease 
frQm the bottom to the tip with the nodal s~ctions having higher values when com
pared with the internodal section . the average density for the internodal section was 

1.098 .69 kg/m3 and 1.161 .18 kg/m3 for the nodal section. Statistical t-tests were 

performed at 5% level of significance to determine whether the means of the moisture 
content on one hand and the means of the density on the .other hand had significant 
difference in the two sections (nodal and internodal) considered The results indicatethat 
there were significant differences in the means of the moisture content and density of 
the internodal section when compared with the nodal section . 
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Table 2: Density, Compressive Stress, Modulus of Elasticity and Modulus of 
Rupture for Internodal Section of Bamboo 

Heigh above Density Compressive Modulus Modulus 

ground (mm) (kg/m3) stress of elasticity of Rupture 

(Nimm2) x 104 (Nimm?) x 104 (Nimm2) 

600 1.195.24 68.94 3.38 8.22 

900 1.194.11 68.72 3.29 7 .98 

1200 1.191 .07 68".57 3.21 7.94 

1500 1.189.04 68.44 3.05 7 .88 

1800 1.188 .17 67 .77 2.99 · '7 .86 
-

2100 1.184.25 67.32 2 .90 7 .77 
"/ 

2400 1.175.42 66 .45 2 .84 7.76 

2700 1.168 .92 65.15 2.83 7.43 .. 

3000 1.152.44 64.19 2 .81 6 .44 

3300 1.144.48 62.18 2.25 . 6 .42 

3600 1.111 .22 61 .97 2 .69 " 6 .17 

3900 1.108.47 61 .33 2 .65 5.88 

4200 1.105 .65 59.35 2 .61 5.44 

4500 1.103 .64 . 58 17 2 .60 5.35 

4800 1.101 55 54.15 2 .57 5.24 

5100 1 .080 .24 53.14 2.53 5 15 

5400 985 11 50.25 2 44 5.08 

5700 972 43 44 23 2 .41 5.04 

6000 822 73 4223 2 .32 5.04 

6300 799 59 35 84 2 .20 5.01 

X 1.098 69 59 41 2 .75 6 .45 

) 

.lj 
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Table3: 

Heigh above 

(mm) 

600 

900 

1200 

1500 

1'800 

2100 

2400 

2700 

3000 

3300 

3600 

3900 

4200 

4500 

4800 

5100 

5400 

5700 

6000 . 

6300 

X 

Density, Compressive Stress, Modulus of Elasticity and Modulus 
of Rupture for Nodal Section of Bamboo 

Density Compressive 

(kglm3) stress 

(N/mm2) 

1.242.38 75.46 

1.240.11 74.43 

1.212.45 72.17 

1.201 14 71 .05 

1.199.08 70.09 

1.191 .19 69.99 

1.189.05 69.25 

.1.184.44 67.99· 

1.175.47 67.93 

1.169.18 67 15 

1.160.18 67 .00 

1.155.53 65 .81 

1.147.77 64 .17 

1 141.46 62.18 

1.138.85 62.08 

1.134.23 61 .16 

1.121.28 6088 ·' 

'1 .119.29 58.15 

1.111...44 57.86 

989.07 57.01 

.. 
1.161 .18 66.09 

Modulus 

of elasticity 

x 104 (Nimm2) 

4 .37 

4.13 

3.96 

3.85' 

3.77 

3.64 

3.44 

3 .31 ! 
I 

3~27 . 

3.19 

. '3.08 / 
r 

2.99 

2 .92 

2 .77 

2 .71 

2 .66 

2 .65 

2 .43 

2 .41 

2.38 

' 
-~ 

' 
3.20 ·-· ' 

. 
I 

Modulus 

of Rupture 

x 104 (Nimm2 

9.99 

9.84 

9.80 

9.52 

9.26 

9 .01 

8.87 

8.64 

8.33 

. 8.25 

8.21 

8.07 

8.01 

7 .96 

7 .81 

7 .75 

. 7 56 

7.14 

6 .45 

6.22 

-
8.33 
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For the flexural test. all the specimens did not pass through significant deflection 
before splitting failure started at the point of application of the load and spread to the two 
ends. The failure load appeared to be a function of the cross-sectional area -of the 
specimen under test. As shown in Ta.ble 4 . the corresponding average bending stress 

were 35.78 N/mm2 for the internodal section and 46 .44 N/mm2 for the nodal sect1on 

Table4: 

Section 

Nodal 

ntemodal 

~verage Flex~ral Stress and Modulus of Elasticity for Nodal and 
Internodal Sections of Bamboo 

Flexural stress Modulus of Elasticity 

(Nimm2) x 104 (N/mm2) 

46.44 3.18 

35.78 2 .68 

~I , 
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For a simply supported beam with concentrated load at the mid-point. the modulus 

of elasticity. E is given by the equatio~ E = PL 3148 dl 

where : 

P 1s the failure load 

L is the gauge length 

d is the deflection . and 

I is the second moment of area . 

The computation of the result showed that the average modulus of elasticity in 

bending for the internodal section was 2.68 x 104 N/mm2 and it was 3.18 x 104 N/mm2 

forthe nodal section . The differences in the strength of the tnternoaal section and nodal 

section of bamboo culm may be attributed to the presence of the node occuring at the 

middle for the nodal specimen The results showed negative slopes in this regard . The 

results are congruent to the literatures credited to Lucas and Ogedengbe ( 1987). Omojola 

and Omoyosi (1976) and Liese (1986) 

CONCLUSION 

The research has shown the following 

(i) · The density and load carrying capacity of bamboo decreases along the length of 

the culm from the bottom to the t1p 

(ii } The density and the load carrytng capacity of the nodal section of bamboo culm 

is higher than that of the internodal section 

(i ii) The nodal section has a higher average compress1ve stress . modulus of 

elasticity and modulus of rupture than the internodal section of bamboo culm 

(iv) The compressive stress . modulus of elasticity and modulus of rupture of 

bamboo culm decrease from the bottom (above the ground) to the tip . 
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