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1. Introduction 

Indonesia is an agrarian country rich in wood-

producing plants. These plants are widely used for various 

purposes, from large-scale industry to small industries and 

household needs. According to data from Indonesia’s 

statistical agency, the country has a forest area of 

125.793,18 thousand hectares, of which 23.24% is 

designated as permanent production forest, and 21.3% is 

limited production forest [1].  

Wood has unique material properties, making it widely 

used for construction purposes. The growing demand for 

wood and the potential decline in forest resources require 

efficient use of wood by industries. One way to maximize 

the potential of wood is by utilizing sawdust waste from 

production as a valuable product. Sawdust waste is 

commonly found at sawmills or furniture manufacturing  

 

companies. This waste is usually used as fuel or 

sometimes simply discarded[2]. 

In Indonesia, the total amount of sawn wood has 

reached 2.7 million m³ per year, with sawmill waste 

estimated at 1.4 million m³ per year[1]. This sawmill 

waste causes numerous issues, from decomposition when 

left to pile up to pollution problems when burned. These 

effects can have a negative impact on the surrounding 

environment. One solution is to repurpose sawmill waste 

into value-added products using applied technology. 

The use of composite materials has become common in 

various industries. The adaptable properties of composites 

and the relatively simple manufacturing process make 

them a popular choice across multiple sectors. 

Composites have the advantage of being lighter than 

metals while offering mechanical properties comparable 

to those of metals. They are also environmentally 

friendly, as many of the raw materials are natural, and the 
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waste produced from the manufacturing process is 

minimal[3]. 

Sawdust is a type of natural fiber with a density of 1.3-

1.4 g/cm³[4]. With its light density, sawdust has the 

potential to be engineered into an environmentally 

friendly product. In composites, sawdust can serve as a 

filler or reinforcement. The use of wood fibers as a filler 

can enhance the strength and durability of the resulting 

composite[5]. Sawdust-based composites can be used to 

make lightweight engine components, especially for 

applications where weight loads are not critical. 

Components such as casings or engine covers can be 

made from sawdust composites that are compacted or 

mixed with resin. This helps reduce the overall weight of 

the engine, which is especially important in the 

automotive, transportation, or portable equipment 

industries. 

Previous research has demonstrated various benefits of 

composites reinforced with wood powder. Composites 

reinforced with teak wood powder at a temperature of 

180°C can achieve performance levels close to those of 

commercially available brake pads[6]. A composite with a 

mixture of 15% sawdust can be used as a wall panel, 

providing a flexural strength of 7.18 MPa and a 

compressive strength of 58.42 MPa[7]. A composite 

mixture of wood powder and coconut fiber can be utilized 

as a sound absorber, achieving a loss value of up to 50.95 

dB[8]. 

Based on this detail, this research is conducted with the 

aim of identifying the characteristics of composite 

materials with various types of wood powder as 

reinforcement. The material characteristics investigated 

include bending strength and impact resistance. Materials 

with higher bending strength are better able to withstand 

applied loads without permanent damage or deformation. 

This is especially important in applications that require 

high structural strength, such as skyscrapers or offshore 

platforms. Materials with high impact capabilities are 

important for applications where sudden loads may occur, 

such as in accidents or rapid mechanical failure. These 

materials are better able to absorb energy and prevent 

fatal damage or structural failure. 

2. Methodology of Research 

2.1 Material 

The wood powder used was from Dutch teak, sengon, 

and mahogany trees. The wood powder was first filtered 

separately using a 60-mesh sieve. Each sieved result was 

then filtered again using an 80-mesh sieve. This process 

ensures that particles smaller than 60 mesh are filtered 

out, so only particles of 60 mesh size are used. 

 

 
Figure 1 Wood powder 

Epoxy resin was used as the matrix for the composite. 

The mixing ratio between the base resin and hardener was 

2:1, meaning 66.6% base resin was mixed with 33.3% 

hardener. 

 
Figure 2 Epoxy resin 

 

2.2 Specimen Dimension 

The bending test specimen was prepared according to 

ASTM D5687 standards with dimensions of 128 mm in 

length, 13 mm in width, and 4 mm in thickness. 

 
Figure 3 Bending test specimen ASTM D5687 

 

The impact test specimen was prepared according to 

ASTM D6110 standards with dimensions of 126 mm in 

length, 12.6 mm in width, 12.6 mm in thickness, and a 

notch depth of 2 mm. 

 
Figure 4 Impact test specimen ASTM D6110 

 

2.3 Manufacture of Composite Specimen 

The specimen preparation was carried out with the 

following steps: 

1. Filter Dutch teak, mahogany, and sengon wood 

powder to a 60-mesh size. 

2. Mix resin with hardener in a ratio of 66.6% resin 

to 33.3% hardener. 

3. Combine the resin mixture with wood powder in 

a ratio of 91% resin mixture to 9% wood 

powder. 

4. Stir the mixture clockwise by hand for 5 minutes. 

5. Pour the mixture into a mold. 

6. Allow 2-3 days for the specimen to dry. 

7. Remove the specimen from the mold. 

8. Sand the specimen to achieve dimensions in 

accordance with ASTM D5687 standards for 

bending test specimens and ASTM D6110 for 

impact test specimens. 
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9. Repeat the same procedure for a pure resin 

specimen without wood powder as a comparison. 

10. Prepare three specimens for each wood type and 

the pure resin mixture without wood powder. 

 

 
Figure 5 Bending test specimen 

 

 
Figure 6 Impact test specimen 

 

2.4 Bending Test 

The bending test was conducted using the three-point 

bending method. This method involves using two points 

as supports and one point on top as the load applicator. 

The test was performed using a universal test machine. 

The result provides the force required to apply pressure to 

the specimen. The bending stress value is obtained using 

the following formula: 

 
 

 
Figure 7 Bending test 

 

2.5 Impact Test 

The impact test was conducted using the Charpy 

method. The data collection process for the impact test 

begins by operating the impact testing machine without a 

specimen to determine the initial swing angle (0) at point 

A. After the pendulum swings, the final swing angle (0) 

is recorded at point B. In the next test, the process is 

repeated with a specimen in place. This provides the 

initial swing angle (1) at point A, and after the pendulum 

swings, the final angle (1) at point B is recorded. The 

specimen is positioned horizontally, supported at both 

ends. The pendulum then swings freely and strikes the 

specimen directly at the back of the notch. Impact 

strength value is obtained using the following formula: 

 

 
 

 
Figure 8 Impact test 

 

2.6 Dependent Variable 

The dependent variables in this research include: 

1. Result from the bending test, covering tensile 

strength, torsional moment, and moment of 

inertia. 

2. Result from the impact test, covering the energi 

required to break the specimen. 

 

2.7 Independent Variable 

The independent variable used in this research is the 

types of wood powder used as a composite filler. 

 

2.8 Location 

This research was conducted at physichal metallurgy 

laboratory, faculty of engineering, merdeka university 

malang. 

 

2.9 Duration 

This research was conducted over period of five 

months, from October 2023 until February 2024. 

 

3. Result and Discussion 

3.1 Bending Test 

In this research, a bending test was conducted on three 

variations of test specimens, with three repetitions for 
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each type of specimen. The bending test was performed to 

determine the deflection and bending stress values for 

each composite variation. 

 

 
Figure 9 Bending stress graph 

 

Figure 9 show that the composite with a resin + 

mahogany mixture produced the highest average bending 

stress at 136.02 kg/mm². This is followed by the resin + 

Dutch teak composite, with an average bending stress of 

121.76 kg/mm². The resin + sengon composite yielded the 

lowest average bending stress at 119.61 kg/mm². 

Nevertheless, these composites still have a higher average 

bending stress than the pure resin composite, which has 

an average bending stress of 113.13 kg/mm². 

With the ability to withstand higher bending stress, 

resin + mahogany composites will be more resistant to 

severe working conditions and are not easily damaged or 

worn. This is very important in machine components that 

often operate under dynamic conditions and are exposed 

to repeated loads or forces that can cause deformation. 

Stronger and more durable components can reduce the 

need for maintenance and component replacement, 

leading to long-term cost savings. 

 

Table 1 Modulus of Elasticity and Modulus of rupture Value  

Wood type MoE (Mpa) MoR (Mpa) 

Sengon [9] 7002.6 20.65 

Dutch teak [10] 7597 63 

Mahogany [11] 7923.7 74.7 
 

 

 

 
Figure 10 Bending stress vs deflection 

 

The resin and mahogany composite produced the 

highest bending stress value because mahogany wood 

possesses superior mechanical properties, such as a higher 

modulus of elasticity and modulus of rupture, compared 

to Dutch teak and sengon wood. Mahogany wood powder 

also interacts more effectively with epoxy resin, resulting 

in the best composite strength among the tested 

specimens. Adding mahogany wood powder can increase 

the bending stress of the resin by up to 20% compared to 

the resin without added powder. 

In figure 10, a direct relationship between bending 

stress and deflection can be observed. As deflection 

increases, bending stress also increases. This occurs 

because producing a large deflection requires a substantial 

load. A higher load, in turn, results in greater bending 

stress. 

 

3.2 Impact Test 

In this research, an impact test was conducted on three 

specimen variations, with three repetitions for each type 

of specimen. The impact test was performed to determine 

the energy required to break the test specimen, the impact 

strength, and the type of fracture for each composite 

variation. 

 
Figure 11 Impact strength graph 

 
In figure 11, most specimens show an impact strength 

value around 0.01 joules/mm². However, the third 

specimen from the resin and sengon mixture exhibits a 

significantly higher impact strength of 0.044 joules/mm², 

much greater than the other specimens. This occurs 

because, in the composite mixing process with randomly 

oriented reinforcement, the sengon particles within the 

resin gathered around the fracture area, thereby increasing 

the impact strength value of that specimen. The addition 

of epoxy resin or polymer to sengon wood to form a 

composite material can increase impact strength. This 

resin fills the space between the wood fibers and increases 

the adhesion strength between the wood components, as 

well as increasing resistance to damage due to impact. 

The average values indicate that there is no significant 

difference in impact strength across the different mixture 

variations, except for the sengon mixture due to one test 

specimen with a high impact strength value. This is 

further supported by the ANOVA analysis. 

 
Table 2 Impact strength ANOVA table 

 
 

Table 2 above presents the ANOVA results, where SS 

(sum of squares) indicates the total squared value, df 
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(degree of freedom) shows the degrees of freedom, MS 

(mean square) represents the average square, F displays 

the calculated F-value, P-value indicates the level of 

significance, and F crit shows the critical F-value. It can 

be seen that F = 1.269592 is below F crit = 4.066181. 

This result indicates that the initial hypothesis—that the 

type of wood powder used as reinforcement significantly 

affects the impact strength of the specimen—is rejected. 

The type of wood powder does not significantly affect 

impact strength due to the low proportion of wood 

powder reinforcement mixed with the resin, which is only 

9% of the total composite. Additionally, the randomly 

oriented mixing causes the wood powder to be distributed 

randomly rather than concentrated at the impact point, 

which prevents it from maximizing resistance to impact 

loads. 

 

 
Figure 12 Fracture of specimen 

 
From Figure 12, the type of fracture from the impact 

test specimen can be observed. The fracture surface 

appears smooth and flat, without any signs of plasticity. 

The fracture edges also appear sharp, with no signs of 

elongation or strain before the fracture occurred. This 

indicates that the specimen has brittle fracture 

characteristics, where the material breaks immediately 

upon sudden impact pressure without significant 

deformation. The ratio of resin to reinforcing material 

(such as fiber, wood particles, or sawdust) greatly affects 

the fracture properties. If the composite contains too 

much resin and too little reinforcing material, the material 

will become more brittle because the resin will dominate 

and the elastic properties of the reinforcing material that 

can absorb the load will be limited. Conversely, if the 

reinforcing material is too much, the resin may not be 

enough to bond the reinforcing material tightly, reducing 

the overall performance of the material. 
 

4. Conclusion 

From the experimental research on composites with 

reinforcement variations of mahogany, dutch teak, and 

sengon wood powder, the following conclusions can be 

drawn: 

1. The highest bending stress was obtained in the 

composite with mahogany powder, with an 

average bending stress of 136.02 kg/mm², 

showing an increase of 20% compared to the 

composite without wood powder reinforcement. 

2. Bending stress and deflection have a directly 

proportional relationship; as deflection increases, 

bending stress also increases. 

3. The highest impact strength was obtained in the 

composite with sengon wood powder, with an 

average impact strength of 0.022 joules/mm². 

However, in the impact test, no significant 

influence was found from the type of wood 

powder mixture due to the widely dispersed 

distribution of the powder within the composite. 
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