
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-4, February 2020 

1319  

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: C8361019320 /2020©BEIESP 
DOI: 10.35940/ijitee.C8361.029420 
Journal Website: www.ijitee.org 

Abstract: Durian timber grows well in the Gunungpati area, 
although its use is still limited to the needs of light 
construction. Lamination (glulam) is a combination of one or 
more kinds of materials and the materials are made into relatively 
thin layers glued together to form a larger dimension. Timber 
engineering experiment was conducted by creating 
a laminated beam made of Durian and coconut timber, with a 
composition of coconut - Durian – coconut. 

The purpose of this study was to determine the bending 
strength of a composition of coconut – durian – 
coconut laminated beam in strengthening the weak side of the 
durian timber. Coconut timber was used to reinforce durian 
timber because the weight of coconut timber is relatively larger 
compared to Durian timber. 

Durian laminated beam with coconut timber reinforcement on 
the top and bottom can be used as an alternative material to 
improve the bending strength durian timber. Lamination 
technology was able to increase the bending strength of Durian 
timber with laminated beams by 12.6% from the average bending 
strength of 36.68 MPa durian timber, laminated 
beams into bending strength of 41.30 MPa. 
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I. INTRODUCTION 

Timber is a renewable natural resource which has potential 
value for building materials. Timber has several advantages 
over other building materials such as steel, concrete and 
others, such as lightweight, earthquake resistant, easy in the 
process of implementation, easy to recycle and relatively 
economical. While the weaknesses of timber are: flammable, 
easily shrink, cannot withstand termites, the limited number 
of structural timber size, more expensive and more difficult to 
obtain.              

Many hardtimbers are known to be strong enough. 
However, their use is still limited to only a few applications in 
the construction industry. Therefore, a timber processing 
technology that can overcome the problem is necessary. 

In regional district of Gunungpati in Semarang, has many 
kinds of timber species are widely grown such as sengon, 
rambutan, durian, jackfruit and coconut timber. Most people 
on Gunungpati are use the  
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different of timber for the construstion  building material 
for the price is relatively cheap and can be accessed easily. 

Durian Timber with Latin name Durio Zibhetinus is 
included into timber class with E21 quality code with an 
average weight of 0.57 and bending strength of 54 Mpa. In 
general, durian timber has a low shrinkage value, medium 
hardness and slightly coarse texture, and integrated straight 
fibrous. 

Coconut timber is one of the by-products of coconut plant 
used as building material or timber fuel. In order to be used as 
a building material, the coconut tree stem should be taken 
from the coconut plant which is old enough. Based on the 
parameter of compressive strength parallel to the grain whose 
class can be categorized in I to IV, the natural durability of 
coconut timber is very low (class IV-V). 

With regard to the use of durian and coconut timber. This 
study is aimed to apply the lamination technology by utilizing 
as durian and coconut timber as laminated beams (glulam 
beams) for construction needs. The purpose of this study was 
to determine the bending strength of laminated beam of durian 
and coconut timber as a substitute for the beam structure. 

Structural Glued laminated timber is a timber processing 
technology which has already been known. The lamination is 
the integration of several layers of timber with glue on both 
sides then pressed. The process of gluing is achieved 
following the length of timber. Laminated timber materials 
are plytimber that has been formed and prepared in such a way 
that it can be incorporated into the desired timber shape. The 
permissible timber thickness reaches 50 mm. However, 
laminated timber is made of timber with thickness between 25 
to 50 mm. 

The types of lamination can be applied to bending 
structures and column / press structures. Lamination 
technology on the timber used  in this study are timberen 
beams, where some timber with dimensions individual 
sections are combined into a new cross section by glued 
together. 

Abdurachman dan Nurwati H (2009). The results showed 
that based on the density value, MOE and MOR of lamina 
timber of mixture of mangium and sengon with 6 layers of B1 
form reached the highest value compared with other forms of  
0.0048 N/ cm³, 9,189 MPa and 44.1 MPa. 

Pramudito Jihannanda (2013) shows that the maximum 
bending strength of Sengon and coconut laminated beam was 
22.172 Mpa and the minimum was 21.276 MPa. and the 
average bending strength was 21.838 MPa.  
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Sri Handayani (2015) The strength class of laminated 
product increased from IV into III, with an increase of in 
25.403 MPa or 59.72%. The initial strong class was IV with 
42.533 MPa became 67.935 MPa (class III). 

Wan Hazira Wan Mohamad,  Mohd Azran  Razlan, Zakiah 
Ahmad (2011) , This study is  discussing about the behavior 
of the bending strength of glulam produced from tropical 
Malaysian timber showed that the bending strength of glulam 
was compared with the permissible strength of the timber 
under bending in accordance with MS 544 Part 3. The results 
shown that the glulam produced passed the required allowable 
strength value. 

R.  Brandner Æ    G.  Schickhofer (2008). The bending, 
tensile, and compressive strengths of the glued laminated 
timber were measured. The average bending, tensile, and  
compressive  strengths  were 33.4, 24.5,  and 35.9 MPa, 
respectively, and these values are almost equal to those of 
glued laminated timber composed of karamatsu single-piece 
lamina. 

II. EXPERIMENTAL WORK 

A. Material Properties 

Experimental method was used in this study which was 
aimed at creating laminated durian wood beam with coconut 
wood as its reinforcement. The laminated beam was then 
analyzed to determine its bending strength. The data were 
gathered using observation method. The test results were 
observed by using observation sheet. The descriptive analysis 
was used to calculate the mean score from the bending 
strength test results of the laminated wood. T test was used to 
analyze the difference between the bending strength test 
results of the laminated beam (durian-coconut wood) and the 
non – laminated durian wood 

Comparative analysis of bending strength was conducted to 
compare the non – laminated durian wood as control beam 
and the laminated durian wood. The durian wood had lower 
bending strength than coconut wood. Therefore, coconut 
wood was used as a reinforcement on the weak side of the 
beam. The lamination was expected to increase the bending 
strength of the durian wood. The lamination was intended to 
maximize the utilization of wood materials which had higher 
strength to increase the strength of the wood with the lower 
strength. 

The object of this research was durian wood and coconut 
wood as lamination materials and epoxy glue was used as 
the adhesive. 

Three specimens were used on the bending strength test. 
The size of each specimen was 50 mm x50 mm x 760 mm 
according to ASTM D143 primary test method. Meanwhile, 
five specimens of coconut wood and durian wood with the 
size of 50 mm x50 mmx50 mm were used in water content 
test. Five specimens of coconut wood and durian wood with 
the size of 10 mm x 10 mm x 50 mm were used in the 
specific gravity test. 

Chainsaws, cooling equipment, Universal Testing 
Machines (UTM), oven and scales were used. 3 pieces of 
test specimens were made with size 5 cm x 5 cm x 76 cm. 
Laminate test object in stacking with composition ratio of 

1.5: 2: 1.5. On the middle side is durian timber, with 2 cm 
thick, which is wedged on the top and bottom with coconut 
timber, with each thickness of 1.5 cm. Fig. 1 shows the 
laminated beam. 

 
 

 

 
Fig. 1  shows the laminated beam. 

Testing Water content in the test based on reference SNI 
03-6850-2002 on Test Method Measurement of Timber 
Water Content and Timber Materials issued by Center of 
Research and Development- National Standardization 
Agency. 

Bending Test and modulus of bending elasticity are tested 
based on reference SNI 03-3959-1995 on Strong Test 
Methods of Strong Timber Strengthening and SNI 
03-3960-1995 on Test Methods of Timber Bending Modulus 
of Elasticity  in laboratories issued by Center of Research 
and Development- National Standardization Agency 

III.  RESULT AND DISCUSSION 

Results of compressive strength test and modulus of 
rupture/flexural tensile strength test are as discussed below. 

A. Water Content 

Table 1. Water Content of Durian and Coconut Timber 
No of Water content (%) 

Test 
objects 

Durian Timber Coconut timber 

1 17.21 18.86 

2 18.85 15.90 

3 16.65 15.89 

4 17.29 16.33 

5 16.59 16.77 

Average 17.32 16.62 

 
The water content test results of durian and coconut timber 

are shown in Table 1. The water content test results of durian 
and coconut timber are shown in Table 1. The average water 
content of durian timber was 16.62% and the average water 
content of coconut timber was 17.32%. The average water 
content of durian timber was relatively larger than that of 
coconut timber.  

B. Spesify Gravity of the Timber 

The specific gravity is the ratio of timber density to the 
water density at the same volume. The results of the specific 
gravity of the durian and coconut timber can be seen in Table 
2. 

The results of this test showed that the average specific 
gravity of coconut timber which was 0.53 greater than durian 
timber which was 0.43. The results correlationof water 
content and specific gravity of timber were shown on the Fig. 
2 and 3.  
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The results showed an inverse association relationship 
between timber water content and its  specific gravity; higher 
water content of timber lead to the lower  specific gravity, or 
vice versa. The specific gravity of the wood influenced its 
bending strength. Higher specific gravity leads to the higher 
bending strength. 

Table 2. The Specific Gravity of Durian and Coconut 
Timber 

No Specific gravity 
Test objects Durian timber Coconut  timber 

1 0.42 0.52 
2 0.46 0.51 
3 0.41 0.52 
4 0.41 0.56 
5 0.43 0.56 

Average 0.43 0.53 

3.3 The Analysis of Bending Strength of DurianTimber, 
Coconut Timber and Laminated Beam 

According Dumanauw (1984), bending strength can be 
defined the strength to withstand the force that tried to bend 
the timber or to withstand the dead load and live load in 
addition to the blow load borne by the timber, for example a 
beam. 

Table 3 and 4 show the bending strength testing of Durian 
and Coconut timber.   Table 3 shows, the average bending 
strength of Durian timber is 36.68 MPa and that of coconut 
timber is 44.94 MPa. 

 

 
Fig. 2 The Correlation of Water Content and Specific 

Gravity of Coconut Timber 
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Fig. 3  The Correlation of Water Content and Specific 

Gravity of Durian Timber 

The results of the bending strength above showed that 
coconut timber had a higher bending structure compared with 
durian timber. These results are supported by the test data 
which found that specific gravity of coconut timber was 
higher than that of durian timber. 

Table Bending Strength of Controlled Beam of Durian and 
Coconut timber 

 
Table 4. Bending Strength of Controlled Beam of Durian 

Timber and Laminated Timber 
No Bending Strength (MPa) 

Test objects 
Durian Timber Coconut Timber 

1 35.28 43.68 

2 38.64 44.94 

3 36.12 46.2 

AAverage 36.68 44.94 

 

The results of the analysis showed that the mean score of the 
durian wood’s bending strength was 36.68 Mpa and 44.94 Mpa 

for coconut timber. Meanwhile, the mean score of the laminated 
beam’s bending strength was 41.30 Mpa. 

The modulus of elasticity and the modulus of rupture of the 
laminated during and coconut was 67,456.67 Mpa dan 41.30 
Mpa. These results were greater than those of the durian wood 
which were 59,910.67 Mpa dan 36,68 Mpa. Fig. 4 shows 
bending testing 

 

 

 
Fig.4  Bending Testing 
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The results of the analysis showed that after being 
laminated, the bending strength of the beam increased by 
12.6%, 36.68 MPa into 41.30 MPa. The results of the bending 
test explained that the lamination technology with the use of 
epoxy glue on the reinforcement of laminated beam of Durian 
timber with coconut timber could provide reinforcement to 
the durian timber in terms of bending strength. 

The increased strength was caused by the lamination 
technology of coconut timber to the durian timber. The 
reinforcement of laminated beam using a timber with a higher 
strength class as the outer layer could provide a higher 
bending strength than the one without lamination. 

The difference of bending strength after the lamination was 
significant as indicated by the mean difference between the 
bending strength of durian timber with that of the laminated 
timber. The result of the analysis showed that tcount = 
-5.28423, tcount > ttable, with ttable = - 4.30. Therefore, the 
analysis result showed a significant difference between the 
average bending strength of durian timber and laminated 
timber. Furthermore, the result of the mean difference 
analysis between coconut timber and laminated beam showed 
that tcount = 2.3636, tcount < ttable, with ttable = 4.30.The result 
of the test analysis showed that there was no significant 
difference between the bending strength of coconut timber 
and laminated beam. Therefore, using the coconut timber 
reinforcement on top of the weaker durian timber was able to 
provide significant strength. 

IV. CONCLUSION 

The coconut timber can be used as a reinforcement for 
durian timber using lamination technology. The average 
bending strength of durian timber was 36.68 MPa. The 
average bending strength of coconut timber was 44.94 MPa. 
The bending strength of laminated timber was 41.30 MPa. 
The result showed that there was a significant difference 
between bending strength of durian timber and laminated 
timber timber and an average increase of bending strength 
between Durian timber and laminated timber was 12.6%. 

The laminated beam of durian timber with coconut timber 
as its reinforcement can be used as an alternative material to 
increase the strength class of durian timber.  
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