
Nigerian Journal of  Forestry Vol. 47 (www.nif-ng.org)2017

Variation in Density, Tensile and Compressive--------------------------------------------Tembe, Ekhuemelo & Ozioko

Introduction
Timber has a long and distinguished history as a building 
material having been used for centuries for framing, 
cladding, flooring and roofing, in both domestic and 
industrial construction as well as bridges, wharves and 
railway sleepers (Ferguson et al., 1996; Lawson, 
1996).Wood is an extremely versatile material with a wide 
range of physical and mechanical properties among the 
many species of wood. It is also a renewable resource with an 
exceptional strength-to-weight ratio. Wood is a desirable 
construction material because the energy requirements of 
wood for producing a usable end-product are much lower 
than those of competitive materials, such as steel, concrete, 
or plastic(Arntzen,1994).Wood density is undoubtedly an 
important timber property as it influences the yield and 
quality of solid wood products and wood-based composites 
(Alteyrac, et al., 2006). Wood density is an important 
property for wood utilization and conversion and it provides 
an index of wood quality to which all end uses can relate. 
Wood density and moisture determine, to a great extent, the 
mechanical properties of wood including elastic properties 
which characterize resistance to deformation and strength 
properties that characterize resistance to applied loads. 
According to Panshin and De Zeeuw(1980) wood density of 

3 3 360 kg/m  or less is considered to be light, 360 to 500 kg/m
3moderate and above 500 kg/m  heavy woods. Owoyemi and 

Olaniran, (2014) reported that density of samples could be 
determined and classified as high density, medium density 

3and low density such as: high density >700kg/m , medium 
3 3density >450kg/m  and low density <450kg/m . The density 

of the majority of tropical hardwood species are yet to be 
determine (Baker et al., 2004).Knowledge of the mechanical 
properties of wood allows for better optimization and for 
minimal use of raw material (Van de Kuilen and Blass, 
2005). The study of the mechanical properties of timber 
species is therefore indispensable if the species are to be 
selected and used in the various domains of engineering. The 
knowledge of the mechanical properties of timber species 
allows for the characterization of their behaviours under 
different applications (Santos and Pinho, 2004).Hardwood 
timbers such as Meliceae excelsa, Khaya ivorensis, 
Triplochiton scleroxylon, Nauclea diderichii are mainly 
used for structural application because of their high strength 
and durability. 

In order to obtain the best result, pertaining to longevity and 
resistivity of wood for a particular work, it is very necessity 
to determine the mechanical properties of s woouchd species 
that one want to use in construction before carrying out the 
work in other to obtain the best result pertaining tolongevity 
and resistivity of wood suitable for a particular work. 
Different wood species have different strength 
characteristics, andwithin a species, these characteristics 
may vary. According to Yeomans(2003), the strength of a 
timber depends on its species and the effects of certain 
growth characteristics.
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Wood is an extremely versatile material with a wide range of physical and mechanical properties among the many species. This 
study invested the variations in density, tensile strength, modulus of elasticity (MOE) and compressive strength of 
Pentaclethra macrophylla, Milicial excelsa, and Irvingia gabonensis wood species from South Eastern Nigeria. The wood 
samples were collected from Timber Shade in Oba Nsukka Local Government Area (LGA) of Enugu State. The wood samples 
were processed and tests were conducted in Civil Engineering laboratory of Federal University of Agriculture Makurdi 
(FUAM). Th experimental design used was the 3 x 4 factorial experiment in Completely Randomized Design. Pentaclethra 

3 3macrophylla recorded the highest density (1049.80 kg/m ) followed by Irvingia gabonensis with a density of 673.09 kg/m  
3while Milicia excelsa recorded the least value (522.25 kg/m ). The tensile strength was not significance among the species and 

2 2 2 was 2.81 N/mm in Milicia excelsa, 2.73 N/mm  in Pentaclethra macrophylla and 2.49N/mm in Irvingia gabonensis. The MOE 
2 2 2was 2.79 N/mm , 2.72 N/mm  and 2.48 N/mm  and in Pentaclethra macrophylla, Milicia excelsa and Irvingia gabonensis 

2respectively. Compression parallel to grain (CSLG) showed that Pentaclethra macrophylla had 0.037 N/mm  and Irvingia 
 2gabonensis with 0.032 N/mmand Milicia excelsa had 0.018 N/mm . Compression perpendicular to grain (CSPG) was 0.048 

2 2N/mm  in Irvingia gabonensis and 0.036 N/mm  in Milicia excelsa. However, Pentaclethra macrophylla differ significantly 
2with value of 0.074 N/mm . Wood species with very high density and tensile strength are of high physical and mechanical 

properties and can resist stress and deformations. 
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……….1

Where:
V – Volume
L – Length
B – Breath
H – Height 

Then, the basic density for each sample was computed with equation 2.

Where:
3P = Density (kg/m );

M = Weight (kg)
3V = Volume mm

Modulus of Elasticity 
The MOE was carried out using 336 model universal Testing Machine (UTM) in Figure 3. The dimension for the sample used 
was 10mmx10mmx600mm.Load at failure was recorded and the corresponding PC monitor values were taken directly from the 
machine and the static Modulus of Elasticity was computed using the formula as follows:

and, 

………2

……… 3

4…………… 

Experimental Design
The design for this experiment was 3 x 4 factorial comprising 
of wood species (Pentaclethra macrophylla, Irvingia 
gabonensis and Milicia excelsa) and 4 different tests 
(density, tensile strength, CSPG and MOE) were conducted 
on the samples. The procedures for the determination of 
various tests are discussed below.
Wood basic density

The objective of this study then,was to determine the 
variations in density, tensile strength, and CSPG and CSPG 
in wood species of Irvingia gabonensis, Pentaclethra 
macrophylla and Milicial excelsagrown in South Eastern 
Nigeria.

Material and Methods
Study Area
This work was carried out in the Civil Engineering 
Department Laboratory of the FUAM.FUAM was 
established in 1988, following the Federal Government 

White paper on Higher Education curriculum and 
development across the geopolitical zones in Nigeria. It is 
located in Makurdi North LGA of Benue State in the North-

ocentral of Nigeria. FUAM is located between latitude 7  20' 
o o o and 8  10' N and longitude 8  4' to 9 40'E and has the altitude 

106.4m.

Wood Sample Collection
The wood samples (Figure 1) of Pentaclethra macrophylla, 
Irvingia gabonensis and Milicia excelsawere collectedfrom 
a Timber Shade at Nsukka LGA of Enugu state. The 
materials where dried before use.

Wood basic density was determined following the standard 
procedures described by Panshin et al.(1980) The weight of 
the sampleswas obtained by using an electronic weighing 
machine. The volume was determined by measuring the 
length, breath and the height of the wood sample after 
preparation of the test samples. The values were used to 
compute the volume using the equation 1:
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Plate1: Irvingia gabonensi, Pentaclethra macrophylla and Milicia excelsa.
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Wood samples Density  
(kg/m3) 

Tensile strength  
(N/mm2) 

MOE (N/mm2) 

Pentaclethra macrophylla 1049.80±58.76a 2.7304±0.41 a 2.7946±0.10 a 
Irvingia gabonensis 673.09±33.56 b 2.4932±0.40 a 2.4814±0.31 a 
Milicia excels 522.25±33.06 c 2.8143±0.10 a 2.7193±0.42 a 
p-value <0.001 0.410 0.420 

 
Means on the same column with different superscript are statistically significant (p<0.05)

CSLG of test wood samples
The analysis of variance results for the Compressive strength 
parallel to grain showed that there was no significant 

2difference between Pentaclethra macrophylla(0.037N/mm ) 
2and Irvingia gabonensis (0.032N/mm ). However, the two 

species differ significantly from Milicia excelsa with the 
2value of 0.018N/mm  (Table 2).

Where:
C  = crushing length1

A  = Actual or original length1

Determination of Compressive strength parallel and 
perpendicular to grains (N/mm²).
The Maximum Compressive strength parallel and 
perpendicular to grain was determined using Compressive 
Testing Machine.The dimensions for the sample used were 
20mm x 40mm x 150mm. the velocity of the loading was set 
such that every test must finish within 90seconds and the 
loading of the test specimen was done in such that the 
direction of wood grain was perpendicular and parallel to the 
axis of the wood grain respectively, (Plate3). The values 
were used to calculate compressive strength of Pentaclethra 
macrophylla, Irvingia gabonensis and Milicia excelsa 
woods using the formula:

Where:
S = compressive strength
P =maximum load applied to the sample
A  = cross sectional Area (mm)o

2Tensile strength (N/mm )
This test was carried out on 600mm x 10mm x 10mm of all 
wood samples and was tested on instron 3369 model in a 
Universal Testing Machine (UTM). The load was applied 
with the grain parallel to the direction of loading and from the 
machine the load at failure was recorded.Tensile strength test 
was computed using the below formula:

Where 
Pmax = the maximum Load of test specimen (N)
A = Original cross-sectional area of test specimen (mm)o

Data analysis
The data were collected for all the test results and were 
analyzed using SAS (2008) software package. The 
significant differences were identified using Least Square 
Design (LSD) to separate the means.  

Results
Wood Density of test wood samples
Analysis of variance result shows that the mean density of the 
result was significantly different (p<0.05) among the 
individual species. Values of density increased from Milicia 

3excelsa which has the lowest value of 522.25kg/m  followed 
3by Irvingia gabonensis with 673.09kg/m  and then the 

highest was Pentaclechra macrophylla with the value of 
31049.80kg/m  (Table1).

Tensile strength of test wood samples
The result of the analysis of variance showed that there was 
no significant difference (p>0.05)  in the tensile strength of 
the wood species. However, the result showed that Milicial 

2excelsarecorded the highest value of 2.81N/mm , followed 
2by Pentaclethra macrophylla with 2.73N/mm  and the least 

2(2.49 N/mm ) for Irvingia gabonensis(Table1). 
Wood MOEof test wood samples

The one-way ANOVA results for the MOE showed no 
differences among the wood species. However, Pentaclethra 

2 macrophylla had the highest value of 2.79N/mm followed by 
2Mil ic ia  exce lsa  wi th  2 .72N/mm  and I rv ingia  

2gabonensisrecorded the lowest value of 2.48N/mm .

Table1 Variations in density, tensile strength and MOE of test wood samples

CSPG of wood samples
The result for the CSPG from analysis of variance showed no 
difference among the species of Irvingia gabonensis having 

2a lower value of 0.048N/mm  and Milicia excelsa being the 
2lowest with the value of 0.036N/mm . However, 

Pentaclethra macrophylla differ from the other teo wood 
2 species having the highest value of 0.074N/mm (Table2).
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Wood samples CSLG (N/mm2) CSPG (N/mm2) 
Pentaclethra macrophylla 0.0368±0.004 a 0.0738±0.013 a 
Irvingia gabonensis 0.0323±0.003 a 0.0484±0.004 b 
Milicia excels 0.0179±0.001 b 0.0359±0.002 b 
p-value <0.001 <0.001 

 

Discussion
The effect of densitywas significant on these selected 
hardwood species.Pentaclethra macrophylla recorded the 

3highest density of 1049.80kg/m  compared with Irvingia 
3gabonensis with a value of 673.09kg/m , and Milicia excelsa 

3with the lowest value of 522.25kg/m . According to Baker et 
al., (2004) Pentaclethra macrophylla withdensity of 

3 31049.80 kg/m  fall within high density (>700kg/m ) wood 
species while, Irvingia gabonensis with density of 673.09 

3 3kg/m and Milicial excelsa with density of 522.25 kg/m  are 
3both within medium density (> 450kg/m ) wood species. 

The work showed that the specie with the highest value has 
the highest strength properties among the rest, and the high 
density recorded for Pentaclethra macrophylla could be 
related to xylem wall enforcement, cell wall thickness, cell 
diameter and the ratio of early wood to latewood. This result 
agrees with Dinwoodie (1981) who reported that the thicker 
the cell wall the higher the density and hence, the stronger 
the wood. This also agrees with findings of Hacke et al. 
(2001) who reported that wood density is positively 
associated with xylem wall enforcement, which reduces 
cavitational risk due to strong tension during the period of 
drought.

3The density of Pentaclethra macrophylla(1049.80kg/m ) 
differs significantly with the work of Takashashi (1978) who 

3recorded value of 910kg/m  of the species. This variation in 
density between this same specie could be as a result of age, 
collection area or even the size of sample used in carrying out 
the test. This agrees with Haygreen and Bowyer(1996) that 
the variations of wood density or any other wood properties 
in same species could be as a result of different factors such 
as genetics, growth conditions and ecological factors, in 
particular, altitude, soil and climate which are the most 
influential ecological factors.

The high density recorded on P.macrophylla with 
31049.80kg/m  compares with the work of Kayumba (2015) 

3who recorded 823.81 kg/m  for Afzelia africana, 525.83 
3 3kg/m forKhaya ivorensis, 732.32 kg/m  for Celtis 

mildbraedii and Milicia excelsa with the value of 
3650.41kg/m . This work confirmed Pentaclethra 

macrophylla to be one of the strongest among the known 
hard wood species, which agrees with Flores (2002) that 
Pentaclethra macrophylla is a very good timber for general 
constructions because the strength properties that closely 
correlated to its density (Haygreen et al., 1996). 

Despite the high density in Pentaclethra macrophylla, 
3Milicia excelsa with density of 522.25kg/m  has also been 

found to be a very strong wood specie for construction 
purposes because of its properties compared favourably with 

3 that of Tectona grandis with a density of 607kg/m
(Mirandaet al., 2011). Both wood species are therefore very 

Table2: Variations in CSLG and CSPG of test Wood samples

Means on the same column with different superscript are statistically significant (p<0.05)

suitable for heavy constructions because of their strength 
properties and density (Christopher, 2001).

From this study, both Irvingia gabonensis having the density 
3of 673.09kg/m and the other two species are very qualified 

for heavy construction purposes. Panshin, et al., (1980) 
3noted that the wood density of 360kg/m or less is considered 

3 3to be light, 360kg/m to 500kg/m  moderate and above 
3500kg/m  heavy wood. So, the three species used in this 

work are all in the category of heavy woods.

Though the analysis of variance showed that was no 
significant difference in the tensile strength of these species 
but there were slight differences in their strengths because 
the value increased from Irvingia gabonensis to 
Pentaclethra macrophylla and then to Milicia excelsa. But 
since there were differences in their density and slightly 
different in their tensile strength, this test/result will also 
help to know their capabilities in applying them to any work 
situations which agrees with Pavlina and Van Tyne (2008) 
who noted that the strength of a giving object in terms of 
force can predict how the object will respond to different 
situations and loads. Therefore, it is necessary to understand 
the limitations of a material when using it to build structures 
or to perform any function that will put it under stress.

The results of analysis of variance for Modulus of Elasticity 
(MOE) showed no significant difference among the species 
though there were still slight differences in their values 
which also bring about the limitations intheir application. 
Pentaclethra macrophylla with the highest value of 
2.79N/mm² and Milicia excelsa with 2.72N/mm² are 
considered stronger in terms of stiffness compared to 
Irvingia gabonensis with 2.48N/mm² and therefore should 
be considered first where these properties are needed. These 
also agreed with Ishengoma and Nagoda (1991), that the 
greater the MOE the stiffer the timber vice and versa.

The analysis of variance for CSLG showed that there was no 
s ign i f i can t  d i f f e rence  be tween  Pen tac le thra  
mmacrophyllaand Irvingia gabonensis but they differ 
significantly with wood of Milicia excelsa. The result from 
the analyses of variance for CSPG showed no difference 
between Irvingia gabonensis and Milicia excelsa but differs 
significantly with Pentaclethra macrophyllathat has the 
highest value. These variations in compression might be as a 
result of extractive contents (Walker, 1993), and also due to 
variations in their densities. This is because density 
influences the strength properties of wood and this is also in 
line with Machado (2005) who reported that the relationship 
between wood density and strength properties is generally 
acknowledged in part because density is a measure of the 
relative amount of solid cell wall and also with Evans et al., 
(2001) who noted that the correlations are highly dependent 
on species.
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Conclusion
There were significant differences in the density of the three-
wood species with descending values of Pentaclethra 
macrophylla >Irvingia gabonensis >Milicia excelsa.On the 
contrary,there was no significant different among in 
theirtensile strengthwhich increased with Irvingia 
gabonensis <Pentaclethra macrophylla <Milicia 
excelsa.Similarly, MOE shows no significant differences in 
the wood species of Pentaclethra macrophylla with the 
highest in Milicia excelsa while Irvingia gabonensis had the 
lowest.Also, CSLGshowed no significant difference 
inPentaclethra macrophyllafollowed byIrvingia 
gabonensis .However,  they were  s igni f icant ly  
differentfromMilicia excelsa which had the lowest value. 
Yet, CSPG showed no significant difference between 
Irvingia gabonensisandMilicia excelsa. They defer 
significantly fromPentaclethra macrophylla which had the 
highest value.
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