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Abstract: Bamboo is an evergreen plant native to Asia and 
America that grows at every altitude, even in unideal climate 
conditions. Betung bamboo or its scientific name Dendrocalamus 
Asper is one of the bamboo species that are easily found in 
peninsular Malaysia. This study examined the characteristics of 
Betung bamboo and its potential to manufacture chipboard. 
Several tests were conducted, namely modulus of elastic (MOE), 
modulus of rupture (MOR), thickness swelling (TS), and water 
absorption (WA) to evaluate the potential of Betung bamboo as the 
primary material in the manufacture of chipboard mixed with 
polyethylene as additive are the parameters considered. This study 
found that the composition of 70% bamboo and 30% polyethylene 
was produced optimum chipboard which met BS EN standards 
(British and European Standard). It was also found that the MOE 
and MOR values of the resulting chipboard exceeded the medium 
density board standards. For WA and TS values, the chipboard 
achieved the standard requirements. Thus, this study concludes 
that chipboard made of Betung bamboo with the addition of 
polyethylene is suitable to be applied for internal and external 
doors, and internal paneling for any commercial or domestic 
building and furniture. 
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I. INTRODUCTION 

Bamboo is widely scattered on riverbanks and in open 
forest areas such as shifting cultivation areas and the fastest 
growing plant in the world due to its unique rhizome system 
rests. Currently, there are more than 121 bamboo genera 
encompassing about 1662 species in the world [1]. Bamboo 
has a long history of use as a building material, either in culm 
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or as raw material for composite products [2]. 
Dendrocalamus Asper is a bamboo species that grows widely 
in tropical and subtropical regions, particularly in Southeast 
and South Asia.  

This species is known by several names, including Betung, 
Petung, Batuang and Betho [3] as illustrated in Figure 1. It 
has been introduced in many parts of the world, including 
Latin and South America [5]. When mature at the age of 3 to 
5 years, the bamboo is tall with large culms and is commonly 
known as giant or rough bamboo.  

The culms can grow up to 20 to 30 m, with diameters 
ranging from 8 to 20 cm and an internode spacing of 40 cm 
[9]. The culm has a wall thickness of 6 to 22 mm and a 
density of 0.52 to 0.56 g/cm3 [7]-[9]. 

 
Fig. 1. Bentung Bamboo 

The thick culms and strong shells of the Dendrocalamus 
Asper make it ideal for use as a building component and the 
manufacture of furniture, musical instruments and household 
appliances [3]. The use of bamboo is increasingly popular 
and even becoming a way of life, particularly in Asia and 
parts of South America [5]. In Malaysia, the use of bamboo in 
the construction sector is currently neglected and is restricted 
only to the traditional handicraft sector in China and India, 
bamboo is one of the most popular building materials in 
construction industry. One possibility is that bamboo 
resources are abundant in their countries, and aesthetics can 
be found in the bamboo content itself [6].  

 Furthermore, for its traditional use, bamboo culms have 
sparked interest in manufacturing various composite panels, 
including chipboard. Chipboard made of bamboo has an 
advantage in terms of raw material availability, which is 
renewable, fast-growing and environmentally friendly 
natural resource.  
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In addition, bamboo particles can be used as raw material, 
allowing waste from the bamboo production process and 
bamboo waste from fields. 

 Since there is few information about bamboo used in 
chipboard manufacturing with the addition of other materials, 
this study evaluated the properties of bamboo chipboard as 
raw material to value‐added products to better understand its 

characteristics. 

II.  MATERIAL AND METHOD 

The raw material used in the manufacture of chipboard was 
from the Betung bamboo type.  

The bamboo was cut into small pieces and soaked for 24 
hours to remove dirt and oil. After that, the bamboo was dried 
in the sun before being crushed into particles and dust.  

The bamboo particles were sifted according to the selected 
sizes (2.36 mm, 1.18 mm, 600 µm) as depicted in Figures 2 to 
4. Hardening agent or wax was mixed with 1% by weight of 
the chip and 3% of the hardener depending on the type of 
adhesive used. All particle sizes were divided equally by a 1: 
1: 1 ratio for each size. 

 In the mixing process, all the bamboo materials together 
with additives, namely formaldehyde urea glue and 
polyethylene, were mixed with a hand mixer for 5 minutes to 
ensure an even mixture. This was to stabilize the contents of 
the mixture so that the cavity contact gripped between the 
particles after compression. Then, this sample was placed in 
the oven at a temperature of 80°C to obtain a moisture 
content (MC) of around 3% to 5% as shown in Figure 5. The 
mold used was in the dimension of 30 cm x 30 cm x 1.2 cm. 

 

 
Fig. 2. Particle size of 

2.36 mm 

 
Fig. 3. Particle size of 

1.18 mm 

 
Fig. 4. Particle size of 600 

μm 

 
Fig. 5. Bamboo particles 

in the oven 
 
The chipboard should be compressed to a high and 

controlled temperature to produce the desired chipboard 
thickness in the hot press machine as shown in Figure 6. This 
process should be fully controlled to avoid defects on the 
sample board. The applied pressure was 1200 lb/in² with a 
temperature of 160°C. An aluminum iron plate was placed on 
the top of the sample to prevent damage to the board surface 
when pressed. The machine was pressurized for 10 minutes 
before the sample was removed from the mold and cooled. 
The detailed image of the compacted particles is shown in 
Figure 7. 

 
Fig.6. Hot press machine 

 
 

Fig.7. Detailed image of 
compacted particles 

III. RESULTS AND DISCUSSION 

A. Modulus of Elastic (MOE) and Modulus of Rupture 
(MOR) 

The average strength values of the homogeneous 
chipboards for different percentages of polyethylene (PE) are 
summarized in Table-I. 

Table- I: Average chipboard strength for different 
percentages of polyethylene 

PE (%) 
MOE 
(Mpa) 

MOR (Mpa) TS (%) WA (%) 

0 
10 
15 
20 
25 
30 
35 

3651.5 
2795 

2905.5 
3153.5 
3875.5 
4323 
2693 

42.86 
62.76 
66.56 
76.37 
88.25 
115.7 
80.29 

30.24 
22.50 
18.00 
13.50 
13.00 
10.50 
7.76 

53.00 
42.72 
32.88 
23.42 
16.81 
12.30 
9.33 

a. PE – polyethylene. MOE – modulus of elastic, MOR – modulus of 
rupture, TS – thickness swelling, WA – water absorption 

 
Figures 8 and 9 indicate the average values of MOE and 

MOR. It was found that the MOE and MOR values increased 
and exceeded the control value when 30% PE was added with 
maximum average values of 4323 MPa and 115.7 MPa, 
respectively. However, the values of MOE began to decrease 
when mixed with 35% PE. This was possibly due to the 
interaction between the bamboo particles with high plastic 
content, which resulted in poor bonding and thus the board to 
became soft and warped. Thus, it was evidenced that the 
optimum values for MOE and MOR were obtained with 30% 
PE in the chipboard. According to [10], the percentage 
polymer of used can considerably reduce the mechanical 
strength and water absorption of chipboard. The higher the 
MOE, the more rigid the material, while the lower the MOE, 
the easier it is to bend the material. At each percentage of PE, 
the overall modulus values exceeded the BS EN 310: 1993 
standards, which were 1800 MPa for MOE and 14 MPa for 
MOR. 
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Fig. 8. Effect of PE percentage (%) on MOE average 
values 

 

Fig. 9. Effect of PE percentage (%) on MOR average 
values 

B. Thickness Swelling (TS) and Water Absorption (WA) 

Meanwhile, Figures 10 and 11 depict the relationships 
between thickness swelling (TS), water absorption (WA) and 
the percentage of PE. The values of TS and WA decreased 
with increasing of PE. This may be attributed to the polymer 
polyethylene waterproofing that prevented moisture from 
absorbing into the particle cavity. In addition, there was a 
significant difference between the percentage of PE with 
thickness expansion rate and water absorption rate. It gives 
the impression that increasing the percentage of PE thickness 
will reduce the expansion rate and WA of a composite 
product. Therefore, the percentage of PE plays a role in 
reducing the rates WA and TS. According to [15] the 
minimum level for industrial TS requirement should be less 
than 15%, while the WA must be less than 16%. Therefore, 
chipboards manufactured with the addition of PE achieved 
industrial purposes. In this study, the PE percentages that 
achieved the desired standard were 30% and 35%. The 
addition of 20%, 25%, 30% and 35% PE in the chipboards 
produced acceptable TS values. The optimum values of WA 
and TS was 30% as they exceeded the standard levels for both 
tests. 

 

Fig. 10. Average values of thickness swelling for different 
polyethylene percentages 

 

Fig. 11. Average values of water absorption for different 
polyethylene percentages 

IV. CONCLUSION 

Based on the findings of this study, it can be inferred that 
bamboo has a promising future as a building material [13]- 
[14]. The use of PE as an additive affected the characteristics 
of the chipboard. The increased percentage of PE on Betung 
bamboo particles fulfilled the criteria required in the end-use 
chipboard. This was evidenced in this study based on the 
optimal test values on different percentages of PE. From this 
study, a few conclusions can be drawn as follows: 
1) Bamboo chipboard mixed with PE has better strength 

than standard wooden board (medium density 
category).  

2) On the average values of MOR and MOE achieved and 
exceeded the standards. The board is suitable for 
industrial products, internal and external doors, internal 
paneling and furniture. 

3) This study successfully identified that 70% bamboo and 
30% PE was the optimum composition for 
manufacturing the chipboard.  
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