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Abstract : This study aims at testing and comparing the tensile strength of bamboo and steel reinforcement bars as structural material for building
construction. Tensile strength tests were carried out on various sizes steel and bamboo; categories of reinforcement bars such as; 10mm, 12mm, 16mm,
20mm and 25mm of both high-yield and mild-yield steel reinforcement bars were both tested along with same sizes of bamboo with 10mm cross-
sectional thickness. Results are presented in tables and graphs and show that the tensile strength of high-yield steel bars outstrips that of mild-yield and
bamboo respectively. The study finds that the breaking force (FB) for 10mm (HY) = 24.42KN; tensile strength = 457.13N/mm?2; yield stress = 379.02
N/mm2 and breaking elongation = 39.67mm respectively. For 12mm (HY), breaking force (FB) = 52.14 KN; tensile strength = 689.12 N/mm2; yield stress
= 551.30N/mm2 and breaking elongation = 36.58mm. 16mm (HY) results in breaking force (FB) = 126.67KN; tensile strength = 771.61N/mm2; yield
stress = 494.10N/mm2 and breaking elongation = 70.87mm. The same factors for 20mm yields, breaking force (FB) = 163.97KN; tensile strength =
713.40N/mm?2; yield stress = 614.74N/mm2 and breaking elongation = 61.57mm. While the 25mm (HY) produces, breaking force (FB) = 306.17KN;
tensile strength = 792.90N/mm2; yield stress = 678.46N/mm2 and breaking elongation = 52.36mm respectively. Mild Steel (MY) 10mm yields, breaking
force (FB) = 14.76KN; tensile strength = 290.49N/mm2; yield stress = 233.17N/mm2; and breaking elongation = 78.86mm. 12mm (MY) results in
breaking force = 40.35KN; tensile strength = 508.08N/mm2; yield stress = 376.17N/mm2 and breaking elongation = 84.10mm. 16mm (MY) yields,
breaking force (FB) = 79.72KN; tensile strength = 508.71N/mmz2; yield stress = 349.10N/mm2 and breaking elongation = 111.39mm respectively. For
20mm mild steel, breaking force (FB) = 83.04KN; tensile strength = 372.98N/mmz2; yield stress = 284.64N/mm2 and breaking elongation = 47.40mm.
While the 25mm (MY) steel bar results show, breaking force (FB) = 163.04KN; tensile strength = 701.74N/mm2; yield stress = 599.77N/mm2 and
breaking elongation = 56.84mm. On the other hand, bamboo yields for the same size width and constant thickness of 10mm, the 10mm-25mm bamboo
sizes result as; 10mm (bamboo); breaking force (FB) = -2.1KN; tensile strength = 31.55N/mmz2; yield stress = 0.00N/mm2 and breaking elongation =
0.00mm. 12mm width with 10mm thickness yields, breaking force (FB) = -1.28KN; tensile strength = 31.07N/mm2; yield stress = 0.00N/mmz2; and
breaking elongation = 0.00mm. 16mm (bamboo), breaking force = 1.85KN; tensile strength = 68.82N/mm2; yield stress = 49.45N/mm2 and breaking
elongation = 30.40mm. For the 20mm width size bamboo with same 10mm thickness, breaking force (FB) = -0.12KN; tensile strength = 62.66N/mm2;
yield stress = 50.23N/mm2 and breaking elongation = 18.20mm respectively. Finally, the 25mm (bamboo) size gives, breaking force (FB) = 4.76KN;
tensile strength = 94.60N/mm2; yield stress = 50.19N/mm2 and breaking elongation = 21.11mm. The study concludes that due to the minimal breaking
force (FB) of bamboo, it cannot be employed as a main structural member in building and other engineering works but can be used as portioning wall,
ceiling, roof and other areas of engineering construction that is not heavy load-bearing.
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1 INTRODUCTION

Bamboo and steel are structural materials with different
engineering qualities used for the construction of buildings and
other engineering construction related purposes. The rapid
growth and maturity rate of bamboo, sustainability, aesthetics,
and acceptability; its strength properties, low cost, makes it
worth investigating as a substitute structural material for steel.
However, bamboo is relegated and underrated to steel as a
structural material in construction generally, as such; it has
been mainly employed for none/or marginal engineering
purposes. The current study assessed bamboo for its tensile
strength and ability to carry load in comparison to steel to

room dividers amongst other things. These engineering
structures are constructed with bamboo not for aesthetics
alone but the amazing engineering qualities of the material.
Steel on the other hand has dominated in engineering
construction because of its load bearing strength, yield stress
strength etc. According to [4], bamboo has strong mechanics
and good adaptability, it is easy to be processed which causes
it to be used for wide range of architectural and industrial
purposes. The comparative tensile strength of bamboo is
about that of wood but has a compressive strength 10% higher
than wood. Although, the tensile strength of steel is 2.5-3.0
times higher than bamboo and the specific gravity 6-8 times

highlight its acceptability or otherwise of bamboo as a
substitute for steel as structural member in engineering
construction. According to [5], due to a unique rhizome
dependent system of growth, bamboo is known to have over
1200 different species worldwide which makes it a common
and easily accessible material; it is also known to have been
widely used in building construction in different parts of the
world. Some species of bamboo can grow as tall as 35inches
within a 24-hour period. Bamboo has a high compressive
strength than wood, brick and concrete and exhibits a tensile
strength that rivals steel. Bamboo has several properties of
engineering material like steel used in construction but unlike
wood, bamboo is known to have more evenly distributed yield
stress strength; this is due to the absence of ray and knots in
its stem. Today, bamboo is employed in building construction
not only because of strength but other properties which makes
it favorable for construction works such as; resistant to pest,
sturdiness, flexibility and availability. Bamboo has been used
in constructing; walls, support structures, piers, roof, floor and

that of bamboo; but by counting their tensile strength/unit
weight (bamboo vs steel), the tensile strength of bamboo is 3-
4 times that of steel. It is based on this fact that the study sets
out to compare the tensile strength of bamboo to steel as
structural engineering material.

2 METHODOLOGY

2.1 Materials

1. High Yield; 10mm, 12mm, 16mm, 20mm and 25mm steel
reinforcement bars produced locally.

2. Mild Yield; 10mm, 12mm, 16mm, 20mm and 25mm steel
bars produced locally.

3. Locally available bamboo culm cut to same sizes as the

steel.

Tensile strength test to measure the force required to break a
material and the extent to which the material is elongated
before breaking was carried out. ASTM D-638, specimen of
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steel and bamboo was placed at different times in the holding

3 RESULTS

grips of a universal test machine (see Figl. and Fig2. below)

at specified grip separation points and pulled until failure. The

test speed was determined by the material specification. An

tensile modulus of the tested materials.

TABLE 1

ISSN 2277-8616

FINAL HIGH YIELD STEEL TENSILE STRENGTH PROPERTIES

il

extensometer was used to determine the elongation and ; ;
E;grh yield steel 10mm | 12mm | 16mm | 20mm | 25mm
Max Tensile 143.0 | 224.1 | 389.2
S Force(kN) 35.90 | 77.94 8 2 1
LOAD CELL T Tensile
1
I = Strength(N/mmz | 4571 | 6891 | 7116 | 713.4 | 792.9
3 2 1 0 0
T CROSSHEAD )
Yield 379.0 551.3 494.1 614.7 678.4
Stress(N/mm?) 2 0 0 4 6
HOLDING Breaking 126.6 | 163.9 | 306.1
HoLD! Force(kN) 24.42 | 5214 | 7 2
sPECIMEN Breaking 19.25 | 26.10 |35.27 |30.72 | 26.11
Elongation (%)
HoLmane Breaking 39.67 | 3658 | 70.87 | 61.57 |52.36
Extension(mm)

STATIONARY BASE

Fig. 1. Tensile Machine
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Fig. 2. Hydraulic Universal Test Machine

2.2 Criteria for Testing the Sample Materials (Steel &

Bamboo)

The test parameters are:

Test:

UTM type:
Load cell:
Extensometer:
Test area:

Sample dimensions:

Length data:
Test Rates:
Rate switch points:

End of test criterions:

Universal tensile test
Machine

Force1000

XHead

lower test area

Le = 205mm; Lc = 205mm

VO = 30mm/min; V1 = 6MPa/s
FO = 10kN

Force = 1000kN; dF = 50%

*Note that the same test parameters were used for testing all
the samples i.e. bamboo, high and mild yield steel from
10mm-25mm respectively.
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Fig. 3. Test Result of the Tensile Test on 10mm High Yield
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Universal Tensile Test
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Universal Tensile Test
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Test results

- fdk]" " Date J Time Comm.1/Comm.2| FH-Max Tensile Force | RH- Tensile Strength
| N/mm2

R 1 A% e _ 143.08 - _711.61

| 58 | x| 23.06.15

| FB- Breaking Force | AB- Breaking E gation | dLB- YIELD STRESS|
| S } kN_ i N % S| mm = _ N/mm g
58 | _ 126.67/| . 35.27 7087 494.10

Fig. 4.. Test Results on the Tensile Test on 12mm Re-bars.
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|OK[  Date | Time |[Comm.1 Comm.2| FH-Max Tensile Force = RH- Tonsile Strength
i | l | KN | ‘N/mm2 H !
46 | x| 23.06.45 | 14:12 | 389.21 = 792.90 ]
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Fig. 7. Test Results on 25mm High Yield Reinforcement Bars.

o0 : —r — Universal T.:Ilo Test — — TABLE 2
e =~ FINAL MILD STEEL REINFORCEMENT-BAR TENSILE PROPERTIES
m A = L F Mild Steel 10mm | 12mm | 16mm | 20mm | 25mm
e ——4 —] —— == =1 Max Tensile 102.2 117.1 220.4
% — n‘l,? — — e e e e Force(kN) 22.82 57.46 8 7 6
Bt +— == ——— = | Tensile
CErEEE e = 7 — = Strength(N/mm2 290.4 508.0 508.7 372.9 701.7
- .:ﬁf_A = e — — - — 9 8 1 8 4
AL === == =D
B : — [ Vield 233.1 | 376.1 | 349.1 | 284.6 |559.7
e e —— | |[Stress(N/mm?) |7 7 0 4 7
b T e :wm A T e e o Mild Steel 10mm | 12mm | 16mm | 20mm | 25mm
Breaking 1476 | 4035 |79.72 | 83.04 | 1630
Test results FOI‘CG(kN) . . . . 4
OK/ Date | Time Comm.1|Comm.2| FH-Max T:l’v‘nllu Force | RH- Tcnl:'l‘omsztronoth .
e e s Breaking ~  |5161 |39.57 | 5553 |23.68 |29.65
[ [ [ emsrerss | 2B Breang | de- sreaning j\(IEL’sr’s‘:‘gsssl Elonggtlon (%)
o ' =4 e Breaking 78.86 | 84.10 | 111.39 | 47.40 | 58.84
Extension(mm)

Fig. 5. Test Results on 16mm High Yield Steel Rod.
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JOK| Date Time E:ommnlcomm.z{ FH-Max Tensile Force | RH- Tensile Strength | L. 81 | x| 23.06.15 | 16:49 | 1 | R Va1 —mma T aiss |
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e e = = I H kN % i mm N/mm2
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. . Fig. 8. 10mm Tensile Strength Test Result for Mild Steel.
Fig. 6. Test Results on 20mm High Yield Steel Bars. 9 9
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Universal Tensile Test Unlv-r‘--I Tensile Tost :
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Fig. 9. Tensile Strength Test Result for 122mm Mild Steel.
Fig. 12. 25mm Mild Steel Tensile Strength Test Result.

Univorsal Tensile Test TABLE 3
o = FINAL BAMBOO TENSILE STRENGTH PROPERTIES
o = | T
Sl A : - Bamboo 10mmx [12mmx [ 16mmx | 20mx 25mm
ol — f-Jr 10mm |10mm |[10mm |[10mm |x10m
| 5 == m

i = Max Tensile 3.16 3.73 | 13.38 | 12.53 |18.92
,lll' == = ] Force (kN)
Tensile 31.55 | 31.07 | 68.82 | 62.66 |94.60
Strength
(N/mm3)
e S e e s Yield Stress 0.00 0.00 | 49.45 | 50.23 |50.19
(N/mm?2)

Testiesits Breaking -2.01 | -1.28 | 185 | -0.12 | 4.76

[ [OK|  Date T'rn-ney Comm.1 iComm .2| FH-Max Te T-nslle ‘Force | RH- Tenou- sn—angm 1
| Force (kN)

=

se IxTzs6eas o | 1 — 102.28| R (T Z B
B L i i el i o y-eu,g;:;;essl Breaking 0.00 | 000 | 15.07 | 12.10 [10.91
[ 56 ] 7972 SEEEeEE (1)) SO |1, 1) B 7 LR 1) Elongation

. . . (%)
Fig. 10. 16mm Mild Steel Tensile Strength Test Result. Breaking 0.00 0.00 3040 | 1820 | 2111
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Fig. 13. 10mm Bamboo Tensile Strength Test Result.
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Fig. 14. 12mm Bamboo Tensile Strength Test Result.

Fig. 15. 16mm Bamboo Tensile Strength Test Result.

Fig. 16. 20mm Bamboo Tensile Strength Test Result.
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Fig. 17. 25mm Bamboo Tensile Strength Test Result.

TABLE 4
TEST RESULTS SHOWING THE COMPARATIVE TENSILE STRENGTH
PROPERTIES OF STEEL AND BAMBOO

gfrh Vield Steel Mild Steel Bar Bamboo
Tensile Tensile Tensile
Sampl Strengt |Breaking|Strengt |Breaking|Strengt |Breaking
eSizF()a h Elongati |h Elongati |h Elongati
(n/mmz |on (%) |(n/mm2 |on (%) |(n/mm2 |on (%)
) ) )
10mm (457.13 |19.25 |290.49 |51.61 |31.55 |0.00
12mm (689.12 |26.10 |508.08 |39.57 |31.07 |0.00
16mm |711.61 |35.27 |508.71 |55.53 |68.82 |15.07
20mm |713.40 |30.72 |372.98 |23.68 |62.66 |12.10
25mm |792.90 |26.11 701.74 |29.65 [94.60 [10.91

4 DiscussioN

Table: 1-4 shows that high yield steel bar has the highest
resistance to tension giving a tensile strength ranging from
457N/mm?2 -792N/mm?; Yield stress of 379N/mm2- 678N/mm?
and a tensile force ranging from 35kN - 389kN. Mild steel on
the other hand, has tensile strength values from 290N/mmz2-
508N/mm2; Yield stress from 223N/mm?2- 376N/mm?2 and a
tensile force ranging from 24kN i 220kN. Bamboo can be said
to be very poor in tension giving a tensile strength of
31N/mm2- 94N/mm?; Yield stress of ON/mm?2 - 50.19N/mm?2 and
a tensile force value of 3kN i 19kN. The ductility of steel
allows it to undergo plastic deformation and necking before
breaking. Bamboo undergoes brittle failure. i.e., it breaks
sharply without plastic deformation. This property is
demonstrated from the result of breaking elongations obtained.
Mild steel is most ductile giving a breaking elongation ranging
from 30% - 52%; followed by high yield steel with a value of
19% - 26%. Finally Bamboo which undergoes brittle failure
gives a breaking elongation of 0% - 15%. Although this work
does not include investigating bamboo as reinforcement in
structural concrete; a similar work by [6] that investigates
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