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The Physical, Mechanical, and Sound Absorption Properties of 
Sandwich Particleboard (SPb)1
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Basuki WIRJOSENTONO3⋅Dita Sari PRABUNINGRUM4

ABSTRACT1)

While the utilization of wood as a raw material in related industries has been increasing with the population increasing, 

the availability of wood from natural forests has continued to decline. An alternative to this situation is the manufacture 

of particleboard from non-wood lignocellulose materials through the modification of sandwich particleboard (SPb) using 

bamboo strands as reinforcement. In this study, strandsof belangke bamboo (Gigantochloa pruriens W) and tali bamboo 

(Gigantochloa apus) were utilized. The non-wood particles included sugar palm fibers, cornstalk, and sugarcane bagasse.  

The board was made in a three-layer composition of the face, back, and core in a ratio of 1: 2: 1. The binder used was 

8% isocyanate resin. The sheet was pressed at a temperature of 160°C for 5 min under a pressure of 3.0 N/mm2. Testing 

included physical and mechanical properties based on the JIS A 5908 (2003) standard, while acoustic testing was based 

on ISO 11654 (1997) standards. The results showed that using bamboo strands as reinforcement has an effect on the 

mechanical and physical properties of SPb. Almost all the types of boards met the JIS A 5908 (2003) standards, with 

the exception of thickness swelling (TS) and internal bond (IB) parameters. Based on the thickness swelling parameter, 

the C-type board exhibited the best properties. Overall, the B-type board thatused a belangke bamboo strand for the surface 

and sugarcane bagasse as the core underwent the best treatment. Based on the acoustical parameter, boards using a tali 

bamboo strand for the surface and sugar palm fiber as the core (E-type board) exhibited good sound absorption properties.
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1. INTRODUCTION

The wood demand as raw material for the timber 

industry has recently increased. Nevertheless, the 

availability of wood from natural forests continues to 

decline to the problematic extent in the timber industry 

countrywide. Using alternative raw materials in form 

of non-wood lignocellulose is expected to be a solution 

to these problems.

Several studies on the utilization of non-wood raw 

materials in the manufacture of composite boards have 

been carried out, including the use of sorghum bagasse 
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(Iswanto et al., 2017a; Iswanto et al., 2018a; Iswanto 

et al., 2018b; Iswanto et al., 2018c; Kusumah et al., 
2016), cornstalks (Guler et al., 2015), and bamboo 

(Maulana et al., 2017; Zhang et al., 2018; Febrianto 

et al., 2015; Ibrahim and Febrianto, 2013). Based on 

that, there is a weakness of the particleboard in terms 

of dimensional stability and strength. Haygreen and 

Bowyer (1996) explained that the weakness of the parti-

cleboard is low dimensional stability. Therefore it had 

a large effect on usage, especially when used as a build-

ing material.

This study showed the effects of using bamboo 

(Belangke and Tali) and lignocellulose instead of other 

wood as raw material for sandwich particleboards. In 

Indonesia, bamboo is potentially utilized as a substitute 

for wood. It has high flexural and fracture strength. 

Some studies on the usage of bamboo as a structural 

composite raw material showed that it has strength al-

most the same as wood. Febrianto et al. (2015) stated 

that the strength of oriented strand boards from bamboo 

reaches 6200 and 51 N/mm2 for MOE and MOR, 

respectively.

The Belangke bamboo (Gigantochloa pruriens) is 

used in this study because it is one of the local species 

of North Sumatra with significant potential. The 

distribution of belangke bamboo in the province covers 

the area in Langkat and Karo districts. Based on its 

physical properties, this species has to range a specific 

gravity ranged between 0.60 to 0.70 g/cm3, so is suitable 

to be used as a raw material for composite boards. 

Through a combination of bamboo as a surface layer 

and non-lignocellulosic materials such as bagasse, 

cornstalks, and sugar palm fiber as a core layer was 

expected to recover the weakness of particleboard, 

especially in terms of strength. The purpose of this 

study was to analyze the physical, mechanical, and 

acoustical properties of sandwich particleboard from 

belangke bamboo, tali bamboo, and other lignocellulosic 

materials.

2. MATERIALS and METHODS

2.1. Materials

Materials used in this research included belangke 

bamboo (Gigantochloa pruriens), tali bamboo 

(Gigantochloa Apus), cornstalk, sugarcane bagasse, and 

Sugar palm fiber. The description particles were shown 

in Table 1.

No
NWL 
type

Size Figure
Position 

in 
Layer

1 Bamboo 
strand

25 cm 
(length) 
by 2.5 cm 
(width) by 
0.1 cm 
(thickness)

Surface 
layer

2 Sugar 
palm 
fiber 

2.5 cm 
(length), 
0.2 mm 
(diameter)

Core 
layer

3 Cornstalk 5 cm 
(length)

Core 
layer

4 Sugarcane
bagasse

5 cm 
(length)

Core 
layer

5 Bamboo
particle

5 cm 
(length) 
by 0.1 cm 
(width) by 
0.1 cm 
(thickness)

Core 
layer

Table 1. Non-wood lignocellulose (NWL) materials
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2.2. Type of sandwich particleboard

Sandwich particleboard were of 8 types including 

of A (Belangke bamboo / Sugar palm fiber / Belangke 

bamboo), B (Belangke bamboo / Sugarcane bagasse 

/ Belangke bamboo), C (Belangke bamboo / Cornstalk 

/ Belangke bamboo), D (Belangke Bambo / Mixed 

bamboo / Belangke bamboo), E (Tali bamboo / Sugar 

palm fiber / Tali bamboo), F (Tali bamboo / Sugarcane 

Bagasse / Tali bamboo), G (Tali bamboo / Cornstalk 

/ Tali bamboo), and H (Tali bamboo / Mixed Bamboo 

/ Tali bamboo).  Models of sandwich particleboard were 

as shown in Fig. 1.

Fig. 1. Models of sandwich particleboard.

 

2.3. Board manufacturing

Sandwich particleboard was produced in size of 25 

by 25 cm2 with density and thickness target of 0.75 

g/cm3 and 10 mm, respectively. The particles were 

mixed with isocyanate resin at an 8% level. Furthermore, 

in the mat-forming process, bamboo was placed as a 

surface layer and another lignocellulose as a core layer 

with a composition ratio of 1:2:1 (Fig. 1). Hotpress 

machine was set based on temperature, time, and 

pressure of 160oC and 5 min and pressure of 3 N/mm2 

respectively. Before the test, boards were conditioned 

for 14 days in room temperature conditions.

2.4. Board evaluation

2.4.1. Physical and mechanical test

The sample of tests made conformed to JIS A 5908 

(2003) standard. Furthermore, board testing was also 

carried out with the parameters of particleboardtesting 

consisting of density, moisture content (MC), water 

absorption (WA), thickness swelling (TS), internal bond 

(IB), modulus of elasticity (MOE), and modulus of 

rupture (MOR). The testing of the physical and 

mechanical properties of particleboard was JIS A 5908 

standard (2003).

2.4.2. Acoustical test

The sample was prepared in the form of a circle 

with a 3 cm diameter according to JIS A 1405 (1963). 

The sound absorption coefficient was determined in 

the test. The sample was placed in an impedance tube 

(Fig. 2). The sound absorption coefficient was cal-

culatedby measuring sound pressure on the material 

surface along with the reflected.

 

Fig. 2. Acoustical equipment.

3. RESULTS and DISCUSSION

3.1. Physical properties

3.1.1. Density and moisture content 

Based on Fig. 3, it could be seen that the density 
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value of SPb made from belangke bamboo for surface 

ranged between of 0.58 to 0.61 g/cm3, this value is 

higher than that of tali bamboo that ranged between 

of 0.53 to 0.58 g/cm3. It was due to the specific gravity 

of belangke bamboo which higher than tali bamboo.  

According to Kelly (1977), one of the factors influencing 

board density value is raw material density.  The specific 

gravity of belangke bamboo and tali ranged between 

0.60 to 0.70 and 0.40 to 0.50 respectively. The density 

of sandwich particleboardhad not reached the target 

density of 0.75 g/cm3. It was due to board thickness 

more than the thickness target after the conditioning 

process (spring back effect). Springback value in this 

study was 25%. Similar conditions were shown in the 

research conducted by Iswanto et al. (2017b) on three- 

layer particleboard boards made fromwood shavings 

and bonded with a mixture of UF and UMF. Overall 

board density values in this research met JIS A 5908 

(2003) that requires a density value of 0.40 to 0.90 

g/cm3 (JSA, 2003).

The moisture content of SPb ranged between 6.00 

to 7.29% (Fig. 3), with the lowest value on the H-type 

board and the highest on the A-type board. The use 

of Sugar palm fiberas a core layer produced a high-level 

moisture content of the board. This is caused by bonding 

strength between the Sugar palm fiberand isocyanate 

adhesive is low as indicated by the low value of the 

internal bond of the board. Overall, the moisture content 

of SPb produced met JIS A 5908 standard (2003) which 

is 5 to 13%.

 

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

Fig. 4 shows the value of TS ranged from 8.29 to 

22.94%. The use of sugar palm fibers and bamboo 

particles as the core layer produced a relatively high 

TS value. Two things lead to the low moisture content 

of sugar palm fiber, specifically less than 5%, which 

affected the optimization of the isocyanate gluing 

process. Sugar palm fiberhad a character similar to 

hydrophobic material. A sufficient amount of water was 

needed by an isocyanate adhesive to produce a good 

bonding reaction. Furthermore, the cause of the high 

TS value on the board with bamboo particles as the 

core layer was the presence of starch content. Moreover, 

the high extraction of bamboo prevented the penetration 

of the adhesive. For this reason, the bond betweenthe 

particles and the adhesive was low, covered by the 

results of a low internal bond for SPb with core fibers 

and bamboo particles.  The trend in Fig 4 shows that 

TS of SPb with belangke bamboo as a surface was 

not significantly different in value compared to boards 

with tali bamboo. Thickness swelling were determine 

by the type of constituent particles in the core layer. 

Subiyanto et al. (2008) stated that one of the factors 

affecting TSvalues is the type of particle. Based on 

JIS A 5908 (2003) the TS value of SPb that meets 

Fig. 3. Density and moisture content of sandwich
particleboard.

Fig. 4. The thickness swelling and water absorption
of sandwich particleboard.
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ofthe standard was only C-type and G-type of boards 

with a value of 8.29% and 9.56% respectively.

The highest WA value was found on the board with 

bagasse particles. This was due to the presence of 

cavities formed on particleboards as a result of the 

roughness of adhesive and sugarcane bagasse used 

which contained the pith (cork). Lengel (1999) stated 

that pith is a water-absorbing material and its weight 

can increase to seven times after the absorption from 

its original mass. Overall, SPb that used ofbelangke 

bamboo had a lower WA value than tali bamboo as 

a surface layer. This was because belangke bamboo 

density was higher than that of the tali bamboo. Vital 

et al. (1974) stated that the particleboarddensity value 

is inversely proportional to the value of WA. Also, 

Buffalino et al. (2012) also stated that water absorption 

was influenced by board density and different adhesive 

content.

 

3.2. Mechanical properties

3.2.1. Modulus of Elasticity (MOE) and 
Modulus of Rupture (MOR)

The MOE values ranged from 2,404.00 to 4,303.13 

N/mm2 (Fig 5). Belangke bamboo strandboards as 

surface layers have a higher MOE value compared to 

the tali bamboo strandbecause the specific gravity of 

belangke bamboo is higher than tali bamboo. Rofii et 
al. (2013) stated that the usage of materials with a 

high density in the face layer obtains a better curvature 

compared to low specific gravity materials. Norvydas 

and Minelga (2006) reported that MOE is related to 

the type, structure, and thickness of the coating material. 

Furthermore, Iswanto et al. (2017) stated that bamboo 

strands have higher flexural strength compared to 

plywood. Overall, the MOE value of sandwich parti-

cleboard applying tali bamboo and belangke bamboo 

as coatings met the JIS 5908 (2003) standard.

The MOR value ranged from 14.94 to 43.15 N/mm2 

(Fig. 5). According to Fig 5, it can be seen that the 

board with belangke bamboo as the surface layer had 

a higher MoR value than the tali bamboo. The effect 

of specific gravitydifferences is attributed to the 

occurrence of this condition. Hwang et al. (2006) stated 

that the adhesive content and specific gravity types have 

an important influence on the MOR value. Overall, the 

MOR value of SPb using tali bambooand belangke 

bamboo met the JIS 5908 (2003) standard.

 

3.2.2. Internal Bond (IB)

Internal bond values ranged from 0.03 to 0.40 N/mm2 

(Fig. 6).

The board using sugar palm fibers in the core had 

the lowest IB value. This was due to the non-absorbent 

nature of the fibers. It would be difficult to create a 

bond between good adhesive and particles. Furthermore, 

the hydrophobic nature of the fibers caused the MDI 

adhesive difficulties in reacting chemically, and 

therefore the hydroxyl groups in MDI adhesive chemical 

Fig. 5. Modulus of elasticity and modulus of rupture
sandwich particleboard.

Fig. 6. Internal bond of sandwich particleboard.
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Frequency (Hz)
Board type

A B C D E F G H

Absorption coefficient

250 0.7 0.6 0.7 0.9 0.8 0.8 0.7 0.8

750 0.5 0.6 0.6 0.5 0.5 0.5 0.6 0.5

1250 0.5 0.4 0.4 0.5 0.4 0.3 0.4 0.3

1750 0.4 0.5 0.4 0.5 0.5 0.5 0.4 0.5

2250 0.4 0.7 0.6 0.6 0.6 0.6 0.7 0.6

2750 0.6 0.5 0.4 0.5 0.6 0.3 0.4 0.4

3250 0.7 0.4 0.6 0.9 0.8 0.6 0.5 0.8

3750 0.8 0.2 0.3 0.9 0.9 0.4 0.3 0.8

4250 0.7 0.3 0.4 0.8 0.9 0.4 0.5 0.7

4750 0.6 0.3 0.4 0.6 0.9 0.7 0.6 0.5

5250 0.5 0.3 0.6 0.7 0.9 0.7 0.6 0.7

Average values 0.6 0.4 0.5 0.7 0.7 0.5 0.5 0.6

Table 2. Sound absorption coefficient values of sandwich particleboard.

reactions are necessary. MDI in the isocyanate group 

(–N = C = O) reacts with hydroxyl groups in wood 

to form urethane chains (Marra, 1992). The use of 

bamboo as a coating material does not increase the 

IB value. Sari et al. (2013) stated that surface coating 

applications do not improve IB values. It was due to 

IB is the bond strength between particles at the core 

layer.

 

3.3. Acoustical properties

The sound absorption ability of each board was 

dissimilar due to the influence of composition from 

the structure board material itself (the constituents of 

each board). The more porous a material is, the greater 

its ability to absorb sound. The sound absorption 

coefficient on SPb was as shown in the following 

Table 2.

Based on Table 2, the E-type of board samples had 

the absorption coefficient valuesat the highest frequency 

which was equal to 0.9 at the frequency of 5250 Hz. 

Oktavia and Elvaswer (2014) stated that the porous 

material absorbs sound better at high frequencies 

because the sound wavelength will be shorter. Therefore 

the sound circulatedin the tube had a high sound wave 

pressure than the sample. Thus, more sound waves need 

to be absorbed by the sample than the reflected one. 

The smallest absorption coefficient was in B-type of 

board sampleswith 0.2 at a frequency of 3750 Hz. 

Oktavia and Elvaswer (2014) stated that at low 

frequencies, sound waves that circulate in a tube have 

a long wavelength (λ) therefore the reflected waves 

are greater than waves absorbed by the material.

Different sound absorption responses are also affected 

by the thickness of the board itself. The thicker of the 

material resulted in a higher absorption coefficient. It 

was due toa thick material that had a lot of porous 

space and fiber, and therefore good as a noise-reducing 

material. The thickness data for each sample was 

presented in Table 3.

The quality of sound-absorbing material is indicated 

by the value of the absorption coefficient. From the 

result of research, all test sampleshave more than 0.15 

sound absorption coefficients. According to ISO 11654 

(1997), it can be included in the category of sound 
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absorbent material. Doelle (1986) stated that the 

characteristics of porous absorbent materials efficiently 

absorb sound at high frequencies compared to low 

frequencies. The more porous an acoustic material is, 

the greater the absorption of sound. Hayat et al. (2013) 

stated that the greater of board density value resulted 

in the lower sound absorption coefficient value, and 

vice versa.

 

4. CONCLUSION 

The use of cornstalks as core layer produced the 

best dimensional stabilization of the board. This was 

shown by the low value of the thickness swelling 

produced. Moreover, the use of blanket bamboo as a 

surface layer offered better board strength compared 

to tali bamboo. For the overall acoustic properties 

parameter, the resulting board meets ISO 11654 (1997) 

standards with the best value found on board made 

from a combination of tali bamboo for surface and Sugar 

palm fiber as the core. All types of boards produced 

belong to the category of sound absorbent material 

where the coefficient of sound absorption produced 

more than 0.15.
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