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ABSTRACT 

Plywood is a wood product frequently utilized in building as part of concrete formwork systems. In the concreting process, plywood 
formwork needs to be strongly made to withstand the pressure subjected by the wet concrete as well as the impact. To reduce the 
dependency on solid timber as plywood, oil palm stem offers alternative materials.  There are four main weaknesses of oil palm 
stem (OPS) as a material for plywood manufacturing; high variations in density and moisture content (MC), high water absorption 
and high surface roughness. Therefore, this study modified the drying and treatment process of OPS veneer. The veneer was pre-
dried by using roller presser for removing a large amount of water and later treated with medium molecular weight phenol-
formaldehyde (MMwPF) to bond together parenchyma tissue, cell wall, and a lumen for much uniform density and better surface 
bonding. The Charpy impact of OPS plywood developed in this study denoted as PTA was investigated.  These properties were 
compared with the properties of another two types of commercial OPS plywood denoted as PTB and PTC which were manufactured 
using OPS veneer with tropical hardwood veneer for face and back veneer and control plywood denoted as PTD which was 
manufactured using 100% tropical hardwood veneer. The results showed that PTA has the highest mean value of energy and 
strength for both notched and unnotched Charpy impact. 
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1. Introduction 
 

Plywood has been used by millennia in construction industry and one of the major contributors 
to Malaysian economy. The plywood industry from tropical wood species constituted 21% of the total 
timber exported products in 2015 and this is expected to increase annually [1]. Although the demand 
of plywood is increased, it also suffers due to the shrinkage of wood sources and consequently 
increment of logs price [2]. The logs production volume decreased to 4.4 million m3 from 6.5 million 
m3 in year of 2005. This was due to the heavy logging activity which damaged the potential tree for 
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future source. In order to support wood-based panel industry, the use of wood and non-wood residue 
as a source is an ideal way to overcome this issue. 

Oil palm (Elaeisguineensis Jacq) is a non-wood material and are the most abundant crops planted 
which can be obtained at any plantation around Malaysia. Based from statistical data of Malaysian 
Palm Oil Board, there are 5.39 million ha of land are being planted with this agriculture in 2014 [3], 
[4]. The oil palm stems (OPS), oil palm fronds (OPF) and oil palm empty fruit bunches (EFB) is the 
residues that are left behind after cutting process as the tree reach 25 to 30 years age [5]. Among oil 
palm residues, OPS is the biggest residue with a total of 13.6 million can be obtained from 100 000 h 
of replanting each year. The abundant of OPS after falling not only increase the liability of the industry 
due to the difficulty to be dispose, but also lowering the quality of seedlings due to the attack of the 
biodeteriorating agent. The uses of oil palm residue as raw material in wood- based panel reduce on 
the costs of production and increase on economic growth of the country. According to Paridah and 
Anis [6], the oil palm stem veneer could be used as an alternative raw material for LVL and plywood 
manufacture. However, the drawback of OPS veneer is its high moisture content and segregation in 
density. 

Veneer drying to reduce moisture content after peeling is an important process in plywood 
manufacturing [7]. The temperature used to drying the veneer significantly affected on the 
mechanical and physical properties of plywood. The process took approximately 70% and 60% of 
production energy consumed and mill energy requirement [8]. Since moisture content of OPS could 
be as high as 500% [9], high temperature is required in drying the veneer; this however increases the 
cost of plywood production.  

Quite a number of researches have been conducted in improving the drying process of plywood 
veneers [10,11] in order to enhance the properties of plywood. The moisture in the veneer can be 
removed by roller presser method. To further enhance the properties of the plywood, the veneer 
was impregnated with phenolic resin. Impregnated the veneer with low molecular weight phenolic 
resin has resulted in the properties of the OPS plywood which is still not as good as medium molecular 
weight phenolic resin.  

Therefore in this study, the roller pressing method has been used for pre-dying prior to oven dry 
and at the same time the produced OPS veneer was impregnated with medium molecular weight 
phenolic resin with the aim to improve the physical and mechanical properties of plywood. The 
properties of this new process of OPS plywood were compared with commercial plywood. 
 
2. Methodology  
2.1 Materials  
2.1.1 Plywood 
 

Four sources of plywood were used in this study. PTA is the plywood prepared by the author using 
100% oil palm plywood with the veneers treated with phenol formaldehyde. PTB and PTC were 
commercial oil palm plywood from two commercial factories. This plywood used tropical veneer for 
its face and back layer and PTD was tropical plywood.  

 
2.1.2 Manufacturing of 100% Oil Palm Plywood (PTA) 
 

Three fresh pieces of outer OPS veneers with thickness between 4.5-6.0mm were cut to the 
dimensions of 4x3 feet. The veneer was then feed into roller pressing machine with the gap of the 
roller; R1:R2:R3=3.5:2.8:2.8 mm and speed of the roller was 8.0 rpm to squeeze out the water. Then, 
the veneer passing through a continuous roller dryer with temperature at 150°C and speed 480 rpm 
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for 1 hour until the final moisture content (MC) of the veneers were 0%MC. After that, Medium 
molecular weight phenol formaldehyde (MMwPF) with ratio 80:20 for resin and water respectively 
and solid content 49.1% was applied two times on the veneer through glue spreader in gluing 
process. Then these veneers undergoes plattern press machine for pre-curing process for 9 minutes 
with the temperature of the plate ranging between 90-140°C. The targeted MC at this stage was 
between 6-20%MC. These veneers were combined together and subjected to heat and pressure in 
the hot press until the glue was cured to form plywood panels at a temperature 115°C and pressure 
120 kg/cm3 for 15 minutes. After curing the boards are ready to be used. Fig. 1. shows the different 
types of plywood used in this study. 

 

 
 

Fig. 1. Different types of plywood; A- PTA, B- PTB, C- PTC, D-PTD 

 

2.2 Methods 
 
The mechanical properties of the plywood were determined for charpy impact strength 

properties. 
 

2.2.1 Determination of Charpy Impact Strength 
 

A total of 80 charpy impact specimens were cut into rectangular strips with dimensions 
approximately of 125mm x 12.7mm x actual thickness (T). The included angle of notch shall be 45±1° 
with a radius of curvature at the apex of 0.25±0.05mm. The plane bisecting the notch angle shall be 
perpendicular to the face of the test specimen within 2°. The charpy impact tests were performed 
according to American Society for Testing and Materials ASTM D 6110 (ASTM, 2010) [12]. The set up 
was shown in Fig. 2.   

The specimens shall be of nominal width only. Measure and record the width of each specimen 
after notching to the nearest 0.025mm (0.001in). The depth of each specimen under the notch was 
measure and record material to the nearest 0.025mm (0.001in). Position a test specimen horizontally 
on the supports and against the anvils so that it will be impacted on the face opposite the notch. 
Center the notch between the anvils. Raise and secure the pendulum in the release mechanism and 
reset the indicating mechanism. Release the pendulum, allowing the striking edge of the pendulum 
to impact the specimen. A specimen that does not break completely into two or more pieces is not 
considered to be broken. The data records in this study were used to calculate the net breaking 
energy and impact resistance using Equation 1 and Equation 2. 

 
Net breaking energy = Breaking energy – (windage + friction)         (1)
   

    

A 

B C 

D 
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Impact resistance = Net breaking energy / measured width                                (2) 
          

 
      

Fig. 2. Experimental Set-up for Charpy Impact Test 

 
 
3. Results  
 

The mechanical properties of plywood from four different sources were tested and evaluated.  
 
3.1 Charpy Impact  
 

Charpy impact test is a standard high strain-rate test which determines the amount of energy 
absorbed by a material during fracture while breaking under an impact load. The charpy impact test 
can be used as an economical quality control method to determine the notch sensitivity and impact 
toughness of materials. The notch serves as a stress concentration zone and some materials are more 
sensitive towards notches than others. Therefore this section reports the study on the impact 
strength for unnotched and notched plywood. 
 
3.2 Notched and Unnotched 
 

The results showed that the energy value of charpy notched and charpy unnotched were 
respectively in the range of 1.65 (J) and 2.27 (J) to 4.78 (J) and 5.71 (J) respectively while, strength 
value range from 129 (J/m) and 163 (J/m) to 377(J/m) and 449 (J/m).  

The highest energy (see Fig. 3. and Fig. 4.) and impact strength (see Fig. 5. and Fig. 6.) value was 
found in PTA  (100% OPS plywood) which was glued with phenolic resin and the lowest was PTB which 
was glued with urea formaldehyde resin. The energy and strength for the four types of plywood 
specimen was calculated using Equation 1 and Equation 2, respectively. 
 

 
Fig. 3. Energy of OPS-Plywood (PTA) and Commercial-Plywood 
(PTB, PTC and PTD) in Charpy Impact Notched Sample 
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Fig. 4. Energy of OPS-Plywood (PTA) and Commercial-Plywood 
(PTB, PTC and PTD) in Charpy Impact Unnotched Sample 

 

 
Fig. 5. Strength of OPS-Plywood (PTA) and Commercial-Plywood 
(PTB, PTC and PTD) in Charpy Impact Notched Sample 

 

 
Fig. 6. Strength of OPS-Plywood (PTA) and Commercial-Plywood 
(PTB, PTC and PTD) in Charpy Impact Unotched Sample 

 
It is interesting to note that there is no significantly difference between PTB, PTC and PTD except 

with PTA for energy and strength in both (charpy impact notched and charpy impact unnotched) 
tested. Higher energy required to buckle the wood structure due to the rigid structure of polymer in 
wood prove that the phenol formaldehyde has well penetrated thus enhanced the impact tested of 
plywood. 
 
3.3 Failure Characteristics of Charpy Impact  
 

The mode of failure of plywood loaded in charpy impact tests are classified in percentage as 
complete break, hinge break, partial break and non-break. Fig. 7. (a) and Fig. 7. (b) show the mode of 
failure for complete break where a break in which the specimen separates into two or more pieces 
after charpy impact notched and charpy impact unnotched tested, respectively. The hinge and partial 
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break was also observed in Commercial-Plywood as shown in Fig. 7. (c) and Fig. 7. (e) and OPS-
Plywood as shown in Fig. 7. (d) and Fig. 7. (f) specimen where it show incomplete break such as that 
both part of the specimens are held together only by a thin peripheral layer in the form of a hinge 
having low residual stiffness and incomplete break that does not meet the definition for hinge break, 
respectively.  

In charpy impact unnotched tested, it can be summarized that all of the plywoods (PTA, PTB, PTC 
and PTD) type had break, hinge break and partial break value approximately of 82.5%, 8.75% and 
8.75% while for charpy impact notched tested, the break, hinge break, partial break contributes 
about 88.75%, 1.25% and 10.00%, respectively of total specimen.  

The results showed that PTA has the highest mean value of energy and strength for both notched 
and unnotched charpy impact. 
 
 

 
Fig. 7. (a) Failure Mode of Complete Break in Charpy Impact 
Notched (b) Complete Break in and Charpy Impact 
Unnotched, (c) Hinge Break, (d) Hinge Break under 
Microscopy View, (e) Partial Break and (f) Partial Break under 
Microscopy View 
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