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The data performance for structural usage of highly engineered wood is very useful, however, the lacking of the data is 

very much concern for fast-growing indigenous timber species in timber engineering field. In correlation with that, the 

strength properties behaviour of Endospermum diadenum has to be studied to analyse the distribution pattern of strength 

properties at a different distance from the vortex also known as pith. The species have been obtained from the East Campus 

of Universiti Malaysia Sarawak’s forest reserve. Strength properties test were carried out namely, static bending (modulus 

of rupture – MOR and modulus of elasticity – MOE), and the compressive strength (compression stress parallel to grain). 

Meanwhile, physical properties test was carried out namely, moisture content (MC) and density. Small specimens 

measuring 20 x 20 mm were tested in green and dry conditions in accordance with British Standard, BS 373:1957 (British 

Standards Institution, 1957). The green condition refers to moisture content greater than 19 percent and dry condition with 

moisture content less than or equal 19 percent. All the results that had been tested were analyzed using statistical analysis 

as mean results. The strength properties of specimen increased from the pith towards the sapwood in which the strength is 

the lowest at 25 mm from pith followed by 50 mm, and the highest is at 75 mm from the pith. Distribution of the basic 

density also increases slightly from the pith towards the sapwood with a significant increment in average mean value at 

25 mm from vortex with 0.54 g/cm3, 0.62 g/cm3 at 50 mm and 0.66 g/cm3 at 75 mm from the vortex. Meanwhile, for dry 

condition, the increases in average mean value with 0.425 g/cm3 at 25 mm, 0.427 g/cm3 at 50 mm and 0.47 g/cm3 at 75 mm 

from the vortex. It can be concluded that the physical properties of the wood have a direct impact on the wood stiffness 

and strength.  
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1. INTRODUCTION  

Timber is one of the primary construction materials 

since the earliest centuries. It is a natural resource that is 

widely available in the world. Timber is used as a major 

structural material in a great variety of building and civil 

engineering application such as bridges and roof trusses. It 

is also widely used in manufacturing product such as 

furniture and flooring. 

Timber has the advantages over most other structural 

materials of being renewable and also a relatively good 

thermal insulation material [1]. The energy consumption 

during production is very small compared to other building 

material like concrete and steel. Due to the low energy 

required and low pollution during manufacture, timber has 

a far less detrimental impact on the environment compared 

to other building material. Timber has a high strength to 

weight ratio, which makes it easily shape and benefit from 

the construction and production of timber product. 

Furthermore, timber has a very aesthetic value that offers a 

great impression in architectural design. 
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In Malaysia, the timber industry has become one among 

the long-standing prominence that contributes to the growth 

of the economy. As the country is rich with rainforest and 

tropical land, the availability of timber is unconstrained 

hence resulting Malaysia become one among the sustainable 

timber exporter around the world. As a result, Malaysia 

aggressively promoted activities and research to supply 

higher quality and value-added commercial timber product. 

Sarawak is known as the richest region with flora and fauna 

consisting of numerous indigenous species of fast-growing 

timber [2]. The effort has been taken by introducing fast 

growth indigenous timber species for plantation and 

research had been conducted to perceive suitable and 

potential indigenous timber species for light hardwood 

industries utilisation and for engineering structural design 

purposes [3, 4].  

The strength properties of wood are classified according 

to its density, durability, moisture content, and direction of 

grain [5]. The density of timber is understood to be 

relatively reflected the strength of timber, but it should not 

be the definite measurement of its strength [6]. Moreover, 

timber is homogenous material therefore, some physical 
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testing had to be conducted to reveal and confirmed the 

timber strength group as identified from its density [7]. In 

the usage of timber for structural purposes, the strength 

properties of timber are of prime importance. The strength 

required for a timber varies, depending on the load that the 

structure is expected to carry. Obviously, the heavier the 

loading, the stronger the timber necessary to support it [8]. 

A detailed knowledge how the tree growth and structure of 

wood are essential to the design of efficient timber 

structures [9]. 

The species of timber used for this study is 

Endospermum diadenum. Endospermum diadenum can be 

classified as light hardwood timber, and its natural habitat 

was in a primary forest on low, undulating country or along 

streams and occasionally on permanently inundated sites 

such as Malaysia, Thailand, Sumatera and Borneo. 

Although it is often found in association with other typical 

swamp forest species, it is also known as opportunist species 

characteristic through gaps in the forest and, therefore, is 

commonly found in areas with shifting cultivation. It is also 

being planted after the site clearing for land appeal due to 

its fast growth [10]. 

The aim of this study is to determine the influence on 

the strength properties of Endospermum diadenum at 

difference distance from the vortex. To achieve this, there 

are several objectives should be taken consideration. Firstly 

is to determine the physical and mechanical properties of 

Endospermum diadenum related to the strength of material. 

Secondly is to evaluate on how Endospermum diadenum 

will react when applied with a load in both flexural and 

compressive strength at a different distance from the vortex. 

2. METHODOLOGY 

2.1. Preparation of material 

The sample for the experiment used was Endospermum 

diadenum, and it was taken from the forest that is located at 

East Campus of Universiti Malaysia Sarawak. There are 

three trees same species age five years old were collected 

which identified as TR008, TR010, and TR013. The trees 

were cut approximately 30 centimeters above the ground 

with the diameter at breast height over the bark of trees is 

approximately 20 cm at the height of 1.3 m from the root 

collar. Timbers were cut to obtain different tree section 

namely at the bottom, middle and top. Each section was cut 

into 1.5 meters. After the sample had been collected, the 

sample was then transported to Sarawak Forestry 

Corporation (SFC) for the preparation of materials and 

laboratory testing. In this study, Endospermum diadenum is 

used as the sample for the laboratory test. Due to the 

inhomogeneous features of timber, a large number of 

specimens are required for the testing. There were 120 

specimens used for every testing. Therefore, a total number 

of 1440 specimens were used in this study. The log was 

ripped through the pith to obtain the flitches. The specimen 

for the test is a small clear specimen, therefore, accordance 

with British Standard 373:1957, the small clear specimen 

dimension of 20 mm x 20 mm is used [11]. All specimens 

are taken out from a single tree at a different distance from 

its pith to compare the strength properties and to verify 

certainly the inhomogeneity of the timber itself. For this 

study, as shown in the Fig. 1 the distance from pith or vortex 

had been segmented into three section at 25 mm, 50 mm and 

75 mm centre to centre after considering the cutting sawn 

allowable, tree diameter, and specimen dimension. 

2.2. Laboratory work 

The prepared sample is taken to the laboratory for 

further testing. All the sample tested is according to the 

small clear test specimen adopted from British Standard 

373:1957, Method of Testing Small Clear Specimens of 

Timber. To achieve an accurate result, the physical 

properties of the sample are tested before any strength test 

is being conducted. Two types of physical properties were 

taken into consideration, which are the moisture content and 

basic density. For moisture content test, the samples 

obtained shall be weighed immediately after cutting to 

obtained green condition with MC > 19 %. If the test pieces 

cannot be weighed immediately, placed them inside a plastic 

bag to protect them from moisture changes. All samples 

were dried in an oven with the temperature of 103 ± 3 ºC for 

24 hours or until constant weight is obtained. In order to 

achieve accurate results, the sample should be kept in a 

desiccator before re-weighing. The samples are weighed 

again in order to obtain the oven-dry weight with 

MC ≤ 19 %. The moisture content is calculated using the 

formula given: 

100
 weightdried oven

 weightoven -  weightinitial
  % MC  . (1) 

 

Fig. 1. The position of specimen taken at different distance from 

the pith 

In the procedures outlined, the initial weighing gives the 

total weight of wood substances, and moisture in the section 

and the final oven-dry weight is that of wood substances 

alone. By subtracting the oven-dry weight from the initial 

weight, the weight of moisture that was in the sample is 

obtained. 

The density of each specimen was calculated from the 

testing whereas the moisture content was calculated using 

the initial weight before the test, and the dry weight after the 

specimen is dried in an oven. The samples obtained shall be 

weighed immediately after cutting. If the test pieces cannot 

be weighed immediately, placed them inside a plastic bag to 

protect them from moisture changes. The sides of the cross 

section and the length along the axes of symmetry of the 

sample are measured to the nearest 0.1 mm. All samples 

were dried in an oven at the temperature of 103 ± 3 ºC for 

24 hours or until constant weight are obtained. The samples 

are weighed again in order to obtain the oven-dry weight. 
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The dimensions of the samples are measured again to obtain 

the oven-dry volume. Thus, density is calculated using the 

formula given: 

volume green

 weightdried oven
 )

3
(g/cmDensity  Basic  . (2) 

There are four types of strength test were conducted in 

this study that are the static bending, and compression test. 

The tests were carried out by using the Universal Testing 

Machine (UTM) to determine the strength value of the 

specimens. The static bending test carried out by using the 

three-point bending method and testing layout as shown in 

Fig. 2. 

 

Fig. 2. Static bending testing layout 

The purpose of this test is to measure the failure of the 

sample. The specimen is prepared with dimension 

20 mm x 20 mm x 300 mm. The distance between the 

points of support of the tested specimen is set to be 280 mm, 

and the contour of the loading head which is in contact with 

the beam will have a radius of 30 mm. In order to prevent 

the longitudinal stress and the restrained produce by friction, 

the specimen is supported at the end to ensure the free flow 

of the sample when applied with bending stress. A constant 

loading speed of 0.6 mm per minute is being applied 

throughout the test. The deflection of the beam at mid length 

shall be measured with reference to the outer point of 

loading. The value is obtained by the calculation of modulus 

of rupture (MOR) and modulus of elasticity (MOE).  

2

2

2WT

3FL
)(N/mm MOR  ,  (3) 

where F – maximum load, N; L – span, mm; W – width, mm; 

T – depth, mm. 
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where L – span, mm; W – width, mm; T – depth, mm; 

∆F/∆L – slope of graph, N/mm. 

Compression test is beneficial for testing the strength 

and serviceability of timber used as a column, post or truss 

member. This test will give the maximum load and 

maximum stress exerted by the specimen. In order to 

determine the compression test, a sample is prepared with 

dimension 20 mm x 20 mm x 60 mm and placed vertically 

on a metal plate while another plate placed above it. The 

force applied parallel to grain was exerted on the sample by 

pushing down the top plate and testing layout as shown in 

Fig. 3. The top compression platen shall be kept parallel to 

the bottom platen throughout the test. A constant loading 

speed of 0.6 mm per min is applied during the test. The 

maximum load is determined, and the compression stresses 

are calculated. 

A

F
)(N/mm2   maximumat  stress eCompressiv , (5) 

where F – maximum load, N; A – cross sectional area, mm2. 

 
Fig. 3. Compression parallel to grain testing layout 

3. RESULTS AND DISCUSSION 

3.1. Testing result 

From the study, Table 1 shows that the mean value of 

strength and physical properties took during the experiment 

is grouped accordingly to the condition of the specimen that 

is in green and dry condition. Though the strength value for 

the dry specimen is slightly greater than that in the green 

condition, however, modulus of elasticity instead was 

recorded of less increment of strength only about 24 to 33 

percent ranging 9700 to 11000 MPa compare to the modulus 

of rupture.  

Meanwhile, the results obtained from compression 

parallel to grain and modulus of rupture are proportionately 

parallel each other with increment 40 to 60 percent ranging 

37 to 43 MPa and 75 to 92 MPa in dry condition 

respectively. The value of moisture content for 

Endospermum diadenum species at the green condition at a 

range of 56 to 71 percent and meanwhile at the dry condition 

drop more than 80 percent. However, a factor dependency 

of changing in condition from green to the dry condition is 

not significant influence the basic density of timber that is 

about 19 to 32 percentage. The water plays important role 

influence the strength of wood with lower moisture content 

will have higher strength compared to the wood with higher 

moisture content. In fact, the more the timber dried, the 

greater would be the strength of timber [12]. However, 

another factor such as heterogeneous, where this 

characteristic is prompt to fluctuate in its strength properties 

even though the same species [13]. Winandy in his study, 

has concluded that factors that affect the strength properties 

can be simplified into two factors, there are anatomical and 

environmental factors [14].  

3.2.  Distribution of bending strength at different 

distance from the vortex 

In both green and dry condition as shown in Fig. 4 and 

Fig. 5, the modulus of rupture is directly proportional to the 

distance from the vortex or pith with 5 percent significance 

level.  
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Table 1. Summary of the mean physical and strength properties of Endospermum diadenum 

Condition 
Unit 

Green MC > 19 % Dry MC < 19 % 

Tree No. TR008 TR010 TR013 TR008 TR010 TR013 

S
tr

en
g

th
 p

ro
p

er
ti

es
 

Modulus of rupture 

MPa 58.80 51.84 52.18 92.92 85.71 75.08 

SD 7.00 7.81 6.99 13.26 8.58 10.04 

CV % 11.90 15.06 13.40 14.27 10.01 13.37 

Nos 36.00 36.00 36.00 36.00 36.00 36.00 

Modulus of 

elasticity 

MPa 8486.86 7838.67 8053.14 11351.03 9746.83 9971.98 

SD 1032.15 1572.75 1189.90 1731.08 1116.93 1058.68 

CV % 12.16 20.06 14.78 15.25 11.46 10.62 

Nos 36.00 36.00 36.00 36.00 36.00 36.00 

Compression 

parallel to grain 

MPa 25.54 29.46 24.97 42.05 43.41 37.99 

SD 3.32 5.29 2.42 9.42 5.25 7.00 

CV % 13.00 17.95 9.68 22.40 12.10 18.43 

Nos 36.00 36.00 36.00 36.00 36.00 36.00 

P
h

y
si

ca
l 

p
ro

p
er

ti
es

 

Moisture content 

% 56.56 66.03 71.40 9.17 7.50 7.37 

SD 13.41 17.41 14.83 3.38 0.34 0.29 

CV % 23.71 26.38 20.77 36.87 4.50 3.96 

Nos 36.00 36.00 36.00 36.00 36.00 36.00 

Basic density 

g/cm3 0.56 0.63 0.62 0.45 0.45 0.42 

SD 0.04 0.06 0.08 0.03 0.03 0.03 

CV% 7.40 9.59 12.51 7.66 7.11 7.94 

Nos 36.00 36.00 36.00 36.00 36.00 36.00 

 

 

Fig. 4. Modulus of rupture vs distance from pith (green) 

 

Fig. 5. Modulus of rupture vs distance from pith (dry) 

 

Fig. 6. Modulus of elasticity vs distance from pith (green) 

The average mean modulus of rupture for TR008, 

TR010, and TR013 at green condition increased strength 5 

percent ranging 47 to 59 MPa from 25 towards 50 mm 

distance and continue to increase 8 percent ranging 49 to 

60 MPa from 50 towards 75 mm. Meanwhile at dry 

condition the average mean modulus of rupture at 25 

towards 50 mm distance with a minimal increment of 

strength only 2 percent ranging 69 to 89 MPa and large 

increment of strength experience from 50 towards 75 mm 

distance with 19 percent increment ranging 69 to 106 MPa. 

The results obtained from modulus of elasticity at green 

condition as shown in Fig. 6 observed with 5 percent 

significance level give average mean with 13 percent 

strength increment ranging 6600 to 8600 MPa at a distance 

25 towards 50 mm and minimal strength increment with 5 

percent ranging 8200 to 8900 MPa from 50 towards 75 mm 

distance. 

Average mean modulus of elasticity at dry condition as 

shown in Fig. 7 observed with 5 percent significance level 

vice versa where only 5 percent strength increment ranging 

8900 MPa to 11200 MPa from 25 towards 50 mm distance 

and tremendously increased at 18 percent ranging 9300 to 

13000 MPa from 50 towards 75 mm distance.  

 

Fig. 7. Modulus of elasticity vs distance from pith (dry) 

This result has been proved by the study conducted by 

Andrew and Alik where the modulus of elasticity of the logs 

at the centre was about 16.2 % lower as compared to good 

correlation between the centre of the log [15]. Apart from 

that, the relationship between modulus of elasticity and the 

distance from pith shown in Fig. 6 and Fig. 7 also have the 

similarity in distribution. These values also indicate that the 

distance from pith towards the sapwood in green condition 
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is less prone to elasticity compared to in dry condition. 

Thought the increment of strength in green condition at 

sapwood is greater than in dry condition, however, modulus 

of elasticity at dry condition much better than in green 

condition as indicated in Table 1. The primary function of 

sapwood which is to support and to conduct water to the 

tree, make it active and stronger compared to heartwood 

which is primarily inactive. Meaning that, the further the 

specimen from the pith, the greater the strength value will 

be [16].  

According to the research carried by Alik regarding on 

the strength properties of Acacia mangium grown in 

Sarawak, the modulus of rupture and modulus of elasticity 

of Acacia mangium are also directly proportional to the 

distance from the pith [17]. This shows the specimen near 

to the pith have lower strength compare to the specimen 

away from the pith. As the distance of the specimen from 

the pith is increased, the strength value becomes greater. In 

specifications for structural timber seasoned beam at radial, 

its resistance may influence due to horizontal shear when 

the pith located in the middle half of the section [18]. 

3.3. Distribution of compressive strength at 

different distance from the vortex 

The average mean for compression parallel to grain for 

TR008, TR010 and TR013 at both green and dry condition 

were observed as shown in Fig. 8 and Fig. 9 with 5 percent 

significance level. Fig. 8 shows that 16 percent strength 

increment ranging 22 to 30 MPa from 25 towards 50 mm 

distance and the strength increment almost constant with 15 

percent at a distance 50 towards 75 mm ranging 24 to 

34 MPa in green condition. A similar pattern in dry 

condition where the average mean with 19 percent increased 

ranging 30 to 41 MPa at distance 25 towards 50 mm and 20 

percent strength increased ranging 38 to 50 MPa at distance 

50 towards 75 mm.  

 

Fig. 8. Compressive strength vs distance from pith (green) 

 

Fig. 9. Compressive strength vs distance from pith (dry) 

Referring to the Fig. 8 and Fig. 9, it is clearly seen that, 

the compression strength is directly proportional to the 

distance from the pith. In terms of the distance from the pith, 

the value increase at the distance of 25 mm away from the 

pith. The constant increment is observed at the distance of 

50 mm towards 75 mm from the pith. This result also has 

been proven by a study conducted by Alik where 

compression strength increases from pith towards the 

sapwood [17]. If the functions shown are compared to the 

bending strength functions, an identical function trend is 

observed. Meaning that, the strength value of Endospermum 

diadenum increased from it pith toward the sapwood. 

3.4.  Distribution of basic density at different 

distance from the vortex 

Analysing the Fig. 10 and Fig. 11, the basic density 

increase with the increases in the distance away from the 

pith. As for green condition, the average mean at distance 

25 towards 50 mm increased 15 percent ranging 0.5 to 

0.6 g/cm3. However, at distance 50 towards 75 mm with 

only 7 percent increment ranging 0.5 to 0.7 g/cm3. 

Meanwhile at dry condition, the average mean at distance 

25 towards 50 mm recorded with very small increment only 

0.4 percent ranging 0.42 to 0.44 g/cm3. At distance 50 

towards 75 mm density increased up to 10 percent ranging 

0.4 to 0.48 g/cm3.The proportional relationship between 

basic density and the distance from the pith is very 

significant, where density increase away from the vortex or 

pith. 

 

Fig. 10. Basic density vs distance from pith (green) 

 

Fig. 11. Basic density vs distance from pith (dry) 

The research conducted by by Ditchburne, Kloot and 

Rumball have showed that the relationships of basic density 

increase slightly from the pith toward the sapwood [19]. 

Since the sapwood having higher strength compare to 

heartwood, this explained that tree with a smaller diameter 

will have higher strength value compared to a big diameter 

tree. This is because, the big diameter tree having the bigger 

heartwood thus resulting in the lower strength value [20].  

High growth rate of the tree that is resulting to the 

vigorous cell division might contribute to the distribution of 

the density within the tree. The increase in density at outer 

part of the wood is mainly due to high growth rate which 

results in vigorous cell division [21] and physiologically 

active [22]. From this study it is observed that the strength 
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properties is directly proportional to it density. McKenzie 

also observed similar trend where strength properties 

increase with increasing density [23].  

4. CONCLUSION 

Based on the results obtained in this experimental study 

regarding the strength properties of Endospermum 

diadenum at a different distance from the vortex, the 

following conclusions are made.  

1. There are weak correlations between modulus of 

elasticity in green condition with distance from pith 

towards the sapwood. 

2. The strength increment of modulus of elasticity in green 

condition at sapwood is greater than in dry condition. 

3. Consistence increment of compression strength 

observed at the distance of 50 mm towards 75 mm from 

the pith. 

4. There was a strong relationship between basic density 

with the distance from the pith. 

5. It is recommended that proper selection of cutting 

method and position contribute significant influence to 

acquire the type of quality required. Therefore, to 

acquire good strength quality of wood, cutting position 

must be at 50 mm above from the vortex of 200 mm 

diameter. For diameter tree bark greater 200 mm, the 

cutting length from the vortex should be calculated by 

using equation as below: 

200

b
D  50

(mm)
c

L


 , (6) 

where Lc – cutting length from the vortex, mm;  

Db – diameter at breast height over bark of tree, mm. 
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