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ABSTRACT

The Moduli of Flasticity MOE of thirteen timber species oblained from a recognized saw mill in Sapele Deita State Nigeria, have
been determined using the simple cantilever principle with a view to characterizing them into hard/soft wood. The values of MOE

oblained range from 5.6- 15.6GPa. Of the thirteen samples investigated,

while the remaining 46% are soft.

seven of them representing 54% are classified as hard
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INTRODUCTION

. Wood beiongs to the class of composite materials in

malenals science and engineering {Cailister, 1977). Amongst

its other properties, static bending modulus of elasticity
appears 1o be the most reliable ndicator of strength especially

when a more ftightly controfled strength unit is desired for a

specific application as is the case for small diameter logs
(konald and Cassandra, 2000). On ils part, the strength of

timber specie that is its ability to resist certain stresses and.
strains, has been identified as one of the most important

mechanical properties (Findlay, 1982). Measurement of MOE
of timber species is aimed at Safely and Health in buildings
amongst others (ODPM. 2003).

This engineering material is found in abundance in. -~

the South West as well as South East of Nigenia. In these

places, a number of saw mills are found. Sapele in Delta State . =

for example is acknowledged to be the home of timber.

The Ewopean test method for the determination of -

the MOE in bending of structural timber is oullined in the

standard EN 408:1995- “Timber Structures: test mathoos for

determining most of the strength and stiffness properties of
structural and glued timber (Solli, 2000).Besides.
Kretschmann and Green (1999) used the pulse echo stress
wave technique to eslimate the MOE of green fimbers while
' Holmqist and Bostr 0 m (2000) had used a combination of the
EN 408:1995 method (local MOE, E,) and the global MOE,Eg
-pioposed by Bostro m (1999). Neither of these methods
agpeared feasible in our circumstances due to lack of relevant
equipment for meaningful investigations in Nigeria as in most
. developing countries. These investigators believe however that
the handicap notwithstanding, some amount of work could still
- be done and in fine with an earlier investigation carried out on

foam mattresses | y these same investigators (Mokobia and

Akpan, 2004), a simple amangement (figure 1 ) was utilized to
determine MOE for:certain  Nigerian fimber species. The

values obtained were then used to characterize the spectes -

into hard or soft as the case may be.

THEORY
i When a uniform beam of length | and rectar.; Jlar
cross-section A of thickness d and width b is depressed, the
moment of inertia 1 is given by (Callister, 1997):
bd*
{=— (U]
12

~ The depression D in the beam is then given as:

FI?
=— 2
3EI 2

F=mg is the force causing the depression, E the Young's
modulus of elasticity. Substituting equafion [1] info equalion
[2]. we obtain:

Amgl’}
=8> (3]
bEd ~
so that the mass m causing the depressicn can be expressed
as:
3
Consequenﬂy a ploiofmagamlewiﬂ pmduceasuangluline
- graph of slope (stafic slope):
3
. Am bE{d}
s, =2 H (5]
AD  4g L
Young's modulus of elasticity E is then determined as;
3
o dgdm ﬁ} ' [6]
s bAD | d

Altematively, we note that each applied force on the -

- end of each timber beam causes the beam to osciliate about 2

mean position with a period T given by:

, %
T= z;z{il—} [7]
, £
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Generally,

7= 41\{%} 81

When equation [4] is substituted into [8], we obtain:

2 }
g2 67 WM_[ L} (9]
hiE | d

so0 that the mass M causing the oscillation is given by:

M = bE __r_] {-‘-{}
4| (L

so that a graph of M against T? is a straight line of slope S
given by:

[10]

. AM  bE [d)
o = T = :h{i—} [1 1]
AT 167~ (L
and the modulus of elasticity MOE is then:
2 3
. LY AM
o 167 J[_[} (2]
h d) AT~
EXPERIMENTAL

Thirteen timber species obtained from a recognized
saw mill in Sapele Delta State Nigeria, sawn at source into
beams jvarying dimensions (Table 1) and stored in the
Physical Sciences Laboratory of the Delta State University for
a period of one month at same temperature and environmental
conditions were used.

G

Table 1: Identification and dimensions of the’ tini;fb'e
samples : i
Sample | Sample Length Width Thickness!
identity | Specie (x10%m) | (x10”m) | (x10”m) '
S1 Sapele 98.0 3.16 0.57 g
S2. Orcan 97.7 3.20 0.59

S3. | Walnut 102.5 3.47 0.55

S4. Ubelo 97.5 3.14 0.50
| S5. Opepe 98.0 3.70 0.53

S6. Etoh 97.8 3.60 0.60

57. Con 103.0 3.52 0.50

S8. Lagos 102.6 354 0.59

59. Mansonia | 102.5 3.65 0.55

S10. Acordia 96.0 3.00 0.64

St11. Afara 104.3 3.50 0.55

$12. [ Gwaria | 103.0 350 | 050

S13. Abura 1034 3.34 0.57

¥
S

The cantitever principle (figure 1) was used. The
§ample'beams were one at a time clamped at one end to a
I{lgld Support. Known weights ranging from (9.80 — 58.80) x 10

N were then applied to the free ends. The depression D, for
each of the samples for varying applied loads was noted.
Each measm_;_r_ement was made five times and the mean

depression D,x recorded. A graph of the mass M producing

depressio_n against depression D was then plotted. The siope
of !h.e.saxd plpt was then used to calculate the modulus of
elasticity, E using equation [6] above.

1] M

Fig. 1: Experimental sctup for the determination of static modulus of elasticity

SB = Sample beam. G = Clamp. W=y Applicd weight,

¢ = Angular depression, Dy
[

R = Rigid suppaort

== Lincar depression,

Metre seale,

M
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Fig. 2: Plot of a) mass M against depression D and b) M against T°

An alternative method was also employed. In this  these two approaches were then tested statistically using t test
case, ‘the period of oscillation T of the beam about a mean  statistics which is given by the relationship (Wolkowitz et al,
position for each loaded mass was determined using  1988): - '
equations [7-9]. Graphs of M against T2 were also plotted for ¥ _-X
the various timber samples the slopes of which were used to t = ! 2
calculate the respective modulii of elasticity using equations ( N _])\, 1, ( N. - 1)\'2 1 1
[11-12).All experiments were carried out at the laboratory MY A DL S BV A BN
teinperalure. N +N, - 2 N, N,

The values of MOE determined separately using ) -

[13]
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Tabte 2: Deflection D of the timber species for varying masses M

Specie D (x107m)/ [T* sec?]

Mass, M 10(x10 “Kg) | 20&10 “Kg) | 30(x10 "Kg) | 40(x10 “Kg) [ 50(x10 “Kg) | 60(x10 “Kg)
Sapele 1.9 [0.04] 2.0[0.08) 3.0[0.12] 4.0[0.16] 5.0 [o;zo] 6.0 [0.24]
Orcan 0.95[0.04] | 107[0.08] | 296012 | 395[0.16] | 403[0.20] | 5.92(0.24]
Walnut 054(002] |114(0.05] | 1.71(0.07] |229[0.09] |2.86[0.11] | 3.43[0.14]
Ubelo 0.59(0.02] {1.18 [o;os} 1.78[0.07] | 2.37[0.10) |2.96[0.11] [ 3.55[0.14]
Opepe . 0.05[0.02] | 1.02[0.04] | 1.52[0.06) | 2.03[0.08] |2.54(0.10] | 3.05(0.12]
Etoh 0.44[0.02) | 0.88[0.04] | 1.32{0.05 |[1.76{0.07] |2.20[0.09] | 2.64[0.11]

| Con 164 [0.07] | 3.28[0.13] | 4.92(0.20] | 6.56[0.27) | 8.20[0.33] 9.84 [0.40)
Lagos o7 [6.04] 2.02[0.08] |3.03[0.12]. | 4.04[0.16] | 5.05[0.20] | 6.06 [0.24]
Mansonia | 1.12[0.05] | 2.25[0.91) | 3.37 [1.36] | 449[1.82] | 5.62(2.27] | 6.74[2.72]
Acordia 0.06[0.02] | 1.10[0.04] | 1.66[0.07] | 2.21[0.09] | 2.76[0.11] | 3.32[0.13]
Afara 0.08{0.03] [ 1.59{0.07] |2.38[0.10] |3.18[0.13] |3.97 [0.16] 4,76 [0.19)
Gwaria 1.70(0.07] [3.39{0.13] |5.09(0.20] |6.78[0.27]) | 8.48[0.33] | 10.1710.40]
Abura 0.81[0.03] [ 1.61[0.07] |[242[0.10) [323[0.13] |4.03(0.16] |4.84[0.19]

[ ]1=values of T

Tablo 3: Slopes of the plots and the determined valuos of E
« for varying timber spocios

{ Sample | Slope (Kgm /sec’) MOE (Gi'a)
identity
Mvs. O [Mvs. T [ Mvs. D | Mvs. T?
s, 1.00 0.25 6.3 G4
s2. 701 0.25 5.6 56
83 1.78 043 14T e
S4. 169 042, |56 )66
AN ERE 0.50 13.3 156
§6. 1227 0.56 107 107
ST 0.61 0.15 59 5.9
SB. 0.99 535 57 59
S8, 0.39 0.02 6.2 54
§10. | 158 | 045 {70 |78
Si1. 1.24 0.32 8.4 9.7
$12. | 0.59 0.15 58 6.0
S13. 124 0.32 8.7 50"

The slopes of the curves nol shown were determinad from thelr trendling aquations work are internally not only consistent but also r

X , and X , represent the means of the measured MOEs of

numbers N1 and N and variance §; and Si respectively.

The timber samples were then classified into hard
and soft wood by comparing their MOE values with relevant
standards availahle in the literature — ‘Room temperature
modulus of elasticity values for various engineering materials'
(Callister, 1977). A

.
RESULTS AND DISCUSSIONS

The mean deflection D of each sample as well as the
square of the period of oscillation T2 of each timber beam are
presented in Table 2 while figures 2 (a and b) represent the
plots of mass M against D and M against T? respectiveiy. The
slopes of each of the plots as well as the calculated vaiues of
MOE for each timber specie are presented in Table 3. ’

At the 95% confidence level for a degree of freedom
of 22. t value obtained in the test is less than t = 2.07 in the t-
able, This implies that the separate values determined using
both’ methods (deflection as well as the oscillation) are not
statistically different. It follows that in the absence of any
standards for comparison, the values of MOE obtained in this
eliable.
The subsequent characterization of these Nigerian
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" Table 4: Ct\\\aracgcrization of certain Nigerian timber species using MOE values

Sample Identification | Mean ] Observation* Characterizalion
identity MOE
_(GPa)__i_

Si Sapele 6.35 5.5<6.35 <13.7 soft
's2. O]"rcan 5.60 55<5.60<13.7 soft

ST Watt | 1407 [ 707140 <157 "Bg?dﬁ’_’“"r"
54, Ubelo 1575 | 7.0-1575=157 | hard

S5. Opepe 1445 | 70>1445<157 hard

S6. Etoh 10.7 705140<167 | Tad

&7 Con . 15900 - |55<590<137 | soft -
B Uages 1580 [55<686<137 | solt —
S9. I Niansonia | 580 | 55<680<137  |sot
$10. Acordia a5 | 70<746<15.7 | had
Sit. Aiara "9.05 70<9.05<15.7 hard ]
S12. Gwaria 5.90 55<560<13.7 | solt
S13. Abura 825 | 70<885<157 | hard.

*The standards used are oblained from Propenties of Selected Enginecring Malerials available

in the lterature (Callister, 1997)

timber species is given in Table 4. The data in the Table
indicate that 54% of the samples investigated are hardwood
while the remaining 46% are softwood. A linear correlation
coefficient of virtually equal unity obtained for both plots of M
against D and M against T? also gives credence to the
consistency of the values obtained in this work. )

o it is also observed that simple as the experimental set
up used in this investigation is, the order of magnitude (Giga)
of the MOE values obtained for these Nigerian timber species
is in agreement with those of other values determiqed
elsewhere for other timber species by other investigators using

different experimental set ups (Callister, 1977, Hblmqvist and
Bostr o m, 2000).
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