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Linear Expansion and Durability of a Composite Boards 

(MDF Laminated Using Three Selected Wood Veneers) 

against Drywood Termites1

Tekat Dwi CAHYONO 2,†
⋅Hikma YANTI3⋅Laela Nur ANISAH4

⋅

Muh Yusram MASSIJAYA5
⋅Apri Heri ISWANTO6

ABSTRACT1)

This research was conducted to investigate the linear expansion and resistance properties of a composite board (com-ply). 

This board was made of medium-density fiberboard (MDF) laminated using avocado (Persea americana), mahogany 

(Swietenia mahogani), and pine (Pinus merkusii) veneers. These three types of veneers were laminated on both surfaces 

of the MDF using adhesives, namely, epoxy and isocyanate. Glue (250 g･m−2) was spread on the surface, followed 

by cold press for 3 h with an applied pressure of 15 kg･cm−2. The research result revealed that com-ply exhibited 

an increased dimensional stability compared with MDF, indicated by reduction in water absorption, thickness swelling, 

and linear expansion. The com-ply made of the pine veneer and isocyanate adhesive exhibited high density, water 

absorption, thickness swelling, and screw withdrawal load. The com-ply that exhibited the strongest resistance to drywood 

termite attacks was the one made of the mahogany veneer and isocyanate adhesive. Moreover, the com-ply that exhibited 

the biggest weight loss (3.6 %) was made of the pine veneer and epoxy adhesive. The results of this research may 

facilitate in manufacturing com-ply using the selected veneer and adhesive without the application of hot press.

Keywords: com-ply, resistance, linear expansion, MDF, veneer

1. INTRODUCTION

Hundreds of millions meter cubic of wood-based 

panels are produced each year throughout the world. 

One of them is fiberboard. The fiberboard production 

growth increased by 44 % within 2011-2014 period 

and 82 % of the world’s fiberboard production was 

medium density fiberboard (MDF). Since 2011, its 

production had grown on average 6 % per year (FAO, 

2016). China is the world’s leading MDF producers 
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and users. Indonesia’s fiberboard production in 2017 

was 449,492.81 m3 (BPS, 2017). The strength of this 

product lied in its use of varied raw materials and in-

dustrial wastes (Hiziroglu et al., 2007; Garcia et al., 

2018). In its production process, some MDF types 

were laminated with melamine, polyvinyl chloride, ve-

neer and other materials to improve the surface ap-

pearance and other physical, mechanical qualities 

(Kılıç et al., 2009; Jocham et al., 2011; Taghiyari and 

Norton, 2014).

The veneer laminated to MDF surface is widely 

open in the future. This is because the world’s wood- 

based panel production is still dominated by veneer 

and plywood. In 2015, its production had reached 171 

million m3 (39 % of the total wood-based panel pro-

duction), increasing 49 % from 2011 (FAO, 2016). The 

veneer and plywood productions in Indonesia in 2017 

were 4.8 % and 11.1 % respectively of the total wood- 

based panel (BPS, 2017). While raw material procure-

ment might be an issue, it can be solved using the 

right approach, such as utilizing fast-growing woods 

(Rowell, 1998; Cahyono and Masssijaya, 2007; Cahyono 

et al., 2015). Moreover, previous studies on increased 

flexural properties after the process of laminated com-

posite board with veneer had provided some support 

(Biblis et al., 1996; Büyüksarý et al., 2012; Cahyono 

et al., 2019).

This research manipulated MDF into composite board 

(com-ply) by adding avocado, pine and mahogany ve-

neer on the face and back parts. Avocado veneer was 

available with affordable price but less frequently used 

as the laminating materials. Meanwhile, pine and ma-

hogany veneer had more attractive and good appea-

rance. Those three veneer types had good dimensional 

stabilization and were proven capable of improving 

the physical, mechanical, and durability properties 

when utilized to laminate the oriented strand board 

(Yanti et al., 2019). Com-ply improved the benefits of 

panel products into structural materials and expanded 

its utilization. This research aimed at evaluating com- 

ply physical properties, linear expansion, internal bond-

ing, screw withdrawal load and resistance against dry-

wood termite’s attack. The research results provided al-

ternative attempts to improve MDF’s surface appear-

ance, physical properties, strength and durability against 

biological destruction agent attack.

 

2. MATERIALS and METHODS

2.1. Materials

Medium density fiberboard (MDF) used in this re-

search was produced by the Indonesia Fiberboard 

Industry Ltd. The board obtained from the local mar-

ket had the size of 244 cm × 122 cm × 1 cm (length, 

width, thickness). The adhesive for MDF consisted of 

phenol formaldehyde and solid content adhesive of 

42.5±2%. The MDF laminating materials were avoca-

do (Persea americana), mahogany (Swietenia ma-

hogany), and pine (Pinus merkusii) veneers. Those 

three veneers were obtained from the local market and 

the veneer thickness was 1.52±0.08 mm. The moisture 

content of veneer and MDF before adhered was re-

spectively by 7.4±0.62% and 12.2±1.2%. The density of 

pine, mahogany and avocado veneer was respectively 

587±23.22 kg･m-3, 516±35.19 kg･m-3, and 543±14.21 

kg･m-3.

The adhesives used were isocyanate and epoxy. 

Both adhesives consisted of base and hardener with 

the composition of 100:12 for isocyanate and 100:100 

for epoxy. The base type and hardener of isocyanate 

adhesive were respectively PI-127T and H3M. Both 

adhesive types were produced by Poly Oshika Ltd. and 

the Solid Content was respectively 43±3% and 98± 

0.5%. The viscosity of PI-127T (ps/25 °C) was 150 

ps and 1.5 ps for H3M. Epoxy Adhesive used the base 

type of AD-102 and hardener type of VR-502. Those 

adhesives were made by Fox Ltd.
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2.2. Development of composite board

Table 1 showed the composition of the veneer and 

adhesives. Each type of veneers was used to laminate 

both MDF (face and back) surfaces with a combina-

tion of two types of adhesive. The test sample size 

was 35 cm × 35 cm and the adhesive glue spread was 

250 g･cm-2. Cold press was applied for 3 hours at 15 

kg･cm-2 press pressure. Afterwards, a conditioning was 

applied for two weeks and followed with test sample 

cutting based on each testing standard. Conditioning 

was conducted at the room temperature (25 °C) and 

relative humidity (RH) 85 %.

Num. Type Adhesive
Face and Back 

Veneer

1 MDF - -

2 AMI Isocyanate Avocado

3 AME Epoxy Avocado

4 PMI Isocyanate Pine

5 PME Epoxy Pine

6 MMI Isocyanate Mahogany

7 MME Epoxy Mahogany

Table 1. Com-ply Types

 

2.3. Testing of physical and mechanical 

properties

The testing of physical properties was conducted on 

density, moisture content, water absorbtion, thickness 

swelling and linear expansion (parallel and perpendic-

ular). Density was measured based on the oven-dry 

weight, while the test sample’s length and width were 

10 cm × 10 cm. The test sample’s moisture content 

and water absorption were 10 cm × 10 cm (length, 

width), while the test sample’s thickness swelling and 

linear expansion were 5 cm × 5 cm (length, width). 

Next, the mechanical properties tested was screw with-

drawal load (SWL) and internal bonding (IB). The 

used standard was JIS A 5905-2003 (JSA, 2003). The 

SWL test sample’s length and width were 5 cm × 10 

cm, while the IB test sample’s length and width were 

5 cm × 5 cm.

 

2.4. The durability of com-ply to the 

drywood termites' attacks

The testing of resistance to drywood termites 

(Cryptotermes cynocephalus) was performed based on 

SNI 01-7207-2006 standard (BSN, 2006). Fifty worker 

termites were placed in a glass tube in all com-ply 

surfaces. The test sample size used was 2.5 cm × 5.0 

cm (length and width), and the thickness followed the 

com-ply thickness. The com-ply resistance to termites 

attack was analyzed based on the weight loss percent-

age and the drywood termite mortality for 12 weeks 

feeding.

 

2.5. Data analysis

This research used completely randomized design 

with 7 treatments (com-ply types) and five repetitions. 

The general model of this design wasas presented by 

Gaspersz (1991). If the difference in com-ply types 

was significant, it was then followed with Duncan ad-

vanced test to see the best type.

 

3. RESULTS and DISCUSSION

3.1. Moisture content and density

The mean moisture content (MC) of all com-ply 

types, including MDF, was 12.32 % at 1.33 % stand-

ard deviation. The moisture content of each com-ply 

type was presented in Table 2. The analysis of var-

iance result showed that com-ply type had an influ-

ence on MC (p = 0.000). Table 3 shows com-ply had 

relatively high mean moisture content, including PMI 

(pine, isocyanate adhesives), AMI (avocado, isocyanate 

adhesives), and MME (mahony, epoxy adhesives). The 
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Type of Com-ply MCs (%) Ds (kg･m-3)

MDF 12.22 ± 0.39 653 ± 14.63

MMI 13.36 ± 0.22 619 ± 7.83

MME 10.57 ± 0.45 650 ± 20.87

AMI 13.60 ± 0.90 621 ± 5.55

AME 11.93 ± 0.46 632 ± 5.57

PMI 13.63 ± 0.32 695 ± 16.80

PME 11.04 ± 0.40 678 ± 16.25

s = significance (p ≤ 0.05)

Table 2. Moisture content and density of com-ply

Type of 

Com-ply
N

Subset

1 2 3 4

MMI 5 10.5680

PME 5 11.0420 11.0420

AME 5 11.9340 11.9340

MDF 5 12.2180

PMI 5 13.2740

AMI 5 13.6040

MME 5 13.6040

Sig. 0.307 0.060 0.538 0.501

Means for groups in homogeneous subsets are displayed.
Based on observed means.
The error term is Mean Square (Error) = 0.518.

Table 3. Duncan analysis for moisture content

laminating veneer thinner than MDF was easier to 

reach the Equilibrium Moisture Content. Furthermore, 

the com-ply types of MMI (mahony, isocyanate adhe-

sives), PME (pine, epoxy adhesives) and AME (avocado, 

epoxy adhesives) seen having smaller MC when com-

pared to MDF. The addition of adhesive between ve-

neer and MDF resulted in the com-ply’s hygroscopic 

changes. The isocyanate adhesive was bonded with the 

wood hydroxyl group that its reactivity decreased 

(Nuryawan and Alamsyah, 2017). Beside those fac-

tors, the moisture content of composite board was in-

fluenced by density and the MC raw materials.

The com-ply density increased the laminated pine 

veneer ranging between 2.7 % and 7.7 %. The analysis 

of variance result indicated that veneer layer addition 

influenced density (p = 0.000). Duncan advanced test 

Type of 

Com-ply
N

Subset

1 2 3 4

MMI 5 6.1880E2

AMI 5 6.2060E2

AME 5 6.3240E2 6.3240E2

MME 5 6.5040E2 6.5040E2

MDF 5 6.5340E2

PME 5 6.7840E2

PMI 5 6.9540E2

Sig. 0.195 0.073 0.759 0.090

Means for groups in homogeneous subsets are displayed.
Based on observed means.
The error term is Mean Square (Error) = 233.929.

Table 4. Duncan analysis for density

 

placed com-ply PMI as the greatest increase mean 

than the other types (Table 4). The laminated veneer 

to composite board surface was more likely to increase 

the density although there was a same value with MDF 

and even there was a lower one. It was because of 

the different materials used as the layer (Yanti et al., 

2019). Pine has the highest density as compared to 

avocado and mahogany (Karlinasari et al., 2010). The 

second causes were gluing and pressing during pro-

duction process (Zhang et al., 2018; Cahyono et al., 

2020). The adhesive addition might add the com-ply’s 

weight, while the compression had the potential to 

change the density when changing the material proper-

ties, such as the occurrence of densification. These 

phenomena formed due to the mechanical power and 

interaction between adhesive and wood cells. Cristescu 

(2006) explained that during the compression process, 

most fibers located in the area of gluelines lost their 

luminary, approximated each other, and resulted in 

higher density.

 

3.2. Water Absorption (WA), Thickness 

Swelling (TS) and Linear Expansion 

(LE)

Water absorptions of MDF and com-ply are shown 

in Fig. 1. It was seen that MDF had greater WA than 
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Fig. 1. Water Absorption of Com-ply.

the other 6 types. The analysis of variance result 

showed that com-ply type influenced WA during 

24-hour immersion, with no influence occuring during 

2-hour immersion. The Duncan test suggested that 

PME had the lowest WA than all com-ply types. 

Tsoumis (1991) has presented the fact that when wood 

is immersed in water, the active water movement may 

occur through the cell cavities. If the immersion is 

continuously made, the cell cavities will be saturated 

in water. Thus, the immersion period and density of 

the laminating materials contributed in WA difference.

The high mean thickness swelling (TS) value was 

dominated by MDF and PMI type com-ply (pine ve-

neer, isocyanate adhesive). This type even had greater 

TS value than MDF in 2-hour immersion, even though 

after 24-hour immersion, the opposite occured (Fig. 2). 

In 2-hour immersion, the lowest TS was found in 

MME type and after 24-hour immersion was found in 

PME. MDF laminating using pine veneer and epoxy 

adhesive (PME type) was able to reduce the value of 

TS up to 68 %. Some contradictive phenomena hap-

pened in PMI, while the TS decrease was only 4 % 

at the end of 24-hour immersion. The phenomena 

started to be seen from the WA value which was big-

ger than the MDF value, especially when the 2-hour 

immersion was performed. During the 24-hour im-

mersion, the WA value was more than 40 %. 

After being immersed for two hours, it is found that 

the parallel linear expansion (PLE) value of AMI type 
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Fig. 2. Thickness swelling of com-ply.

com-ply is the higher than MDF and other com-ply 

(Table 5). Yet, after the immersion proceeds for 24 

hours, MDF had the highest PLE. It was also seen 

the decreased PLE of MMI, MME, AMI and AME 

type com-ply after 2- and 24-hour immersions. 

Similar trend also occurred in perpendicular linear ex-

pansion (PpLE). Three com-ply types (MMI, AMI, 

PMI) had their PpLE increased and the other three had 

decreased after 2-hour immersion. After 24-hour im-

mersion, MDF had the highest PpLE value. These in-

crease and decrease in PLE and PpLE values were stat-

istically insignificant, both during 2- and 24-hour im-

mersions (Table 5).

The two main factors of LE were materials and 

manufacture process. The different wood types and 

particle orientations were the main causes of LE 

difference. It was the case particularly in composite 

panel comprising of particles (Wu and Suchsland, 

1996; Iswanto et al., 2017). If the materials were rela-

tively homogenous, for example fiberboard, then the 

LE difference was tightly related to the product den-

sity (Ganev et al., 2007; Ayrilmis, 2008). The manu-

facture process factors included adhesive type, thick-

ness, and heat treatment (Xu and Suchsland, 1997; 

Miyamoto et al., 2002; Zhang et al., 2018).

Fig. 3 showed the linear regression between water 

absorption and thickness swelling. The relationship of 

these parameters was linear with a high determination 

value (R2 = 0.7964). The regression between water 
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Type of 

Com-ply

Water Absorption (%) Thickness Swelling (%)
Linear Expansion

Parallel Perpendicular

2ns

 Hour 24s Hour 2s Hour 24s

 Hour 2ns

 Hour 24ns Hour 2ns Hour 24ns Hour

MDF 22.3 ± 14.3 52.0 ± 9.5 3.90 ± 2.35 12.82 ± 1.17 0.21 ± 0.05 0.52 ± 0.07 0.37 ± 0.10 0.86 ± 0.25

MMI 17.8 ±7.1 41.8 ± 12.0 2.00 ± 1.17 7.57 ± 2.59 0.17 ± 0.06 0.38 ± 0.08 0.43 ± 0.03 0.68 ± 0.19

MME 12.0 ± 4.3 32.9 ± 7.4 1.20 ± 0.62 6.58 ± 2.97 0.18 ± 0.13 0.39 ± 0.05 0.33 ± 0.11 0.66 ± 0.17

AMI 18.0 ± 8.5 45.2 ± 8.2 1.26 ± 1.03 6.15 ± 2.39 0.26 ± 0.07 0.44 ± 0.10 0.45 ± 0.18 0.72 ± 0.24

AME 17.0 ± 8.9 41.1 ± 11.0 2.02 ± 1.20 6.33 ± 3.11 0.18 ± 0.12 0.39 ± 0.10 0.39 ± 0.19 0.73 ± 0.27

PMI 28.7 ± 17.0 44.8 ± 12.1 5.90 ± 4.10 12.26 ± 3.08 0.14 ± 0.05 0.30 ± 0.08 0.41 ± 0.24 0.81 ± 0.12

PME 10.0 ± 0.7 26.0 ± 5.0 1.24 ± 0.55 4.75 ± 0.63 0.22 ± 0.07 0.41 ± 0.09 0.38 ± 0.09 0.57 ± 0.10

s = significant (p ≤ 0.05)

ns = insignificant (p > 0.05)

Table 5. Water Absorption, Thickness Swelling and Linear Expansion of Com-ply
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Fig. 3. Thickness Swelling of Com-ply based on 
Water Absorption Changes.

      
Fig. 4. Linear Expansion of Com-ply based on Water
Absorption Changes.

 

absorption and linear expansion (LE) was presented 

in Fig. 4. Both parameters seemed to influence each 

other since their R2 values for, parallel and perpendic-

ular ones, were 0.66 and 0.71 respectively. Further-

more, it might be seen that perpendicular LE had a 

greater value than the parallel one. The difference be-

tween the two was consistent in all com-ply types, 

during 2- and 24-hour immersions. The value differ-

ence for 2-hour immersion was 128.7±108.9% and for 

24-hour immersion was less than that, i.e. 78.8±48.1%. 

This percentage value confirmed the previous study’s 

result which found that PpLE was greater than PLE 

(Wu and Suchsland, 1996).

Linear Expansion and TS occurred due to the 

changes of fiber walls in different MC conditions 

(Ganev et al., 2007). When explaining the influence 

of density on LE, in fact it was not congruent. Some 

presented that there was no relationship, such as in 

particleboard (Hiziroglu and Suchsland, 1993; 

Milagres et al., 2019), and MDF (Xu and Suchsland, 

1997). However, some have presented the data in con-

tradiction (Ayrilmis et al., 2017, Seo et al., 2019, 

Taskirawati et al., 2019). Thus, beside increasing the 

dimensional stability, the laminated MDF with avoca-

do, mahogany, and pine veneer asserted a close rela-

tionship between WA and TS, especially the com-ply 

products. Second, the close relationship between WA 

and LE. Third, density changes influenced LE com-ply.
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3.3. Screw Withdrawal Load (SWL) and 

Internal Bonding (IB)

Fig. 5 indicated the screw withdrawal load (SWL) 

difference between MDF and com-ply. MDF lami-

nated using veneer was expected to contribute to SWL 

increase. In fact, one com-ply type (AMI type) was 

excluded from the standards while other com-ply val-

ues were above the standard which requires SWL val-

ue > 500 N. The analysis of variance showed that 

com-ply type had an influence on SWL value (p = 

0.000). Duncan test determined that PMI type com-ply 

had the highest SWL value, and the lowest one was 

AMI type (Avocado veneer, Isocyanate adhesive). 

Compared to MDF, the SWL increase of PMI type 

com-ply was 37.8 %. Other types had nearly similar 

means (Table 6). This result asserted that although one 
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Fig. 5. Screw Withdrawal Load of Com-ply.

 

Type of 

Com-ply
N

Subset

1 2 3

AMI 5 30.9360

MME 5 42.5260

MMI 5 42.6740

MDF 5 42.9805

AME 5 43.3380

PME 5 49.5320

PMI 5 59.2280

Sig. 1.000 0.060 1.000

Means for groups in homogeneous subsets are displayed.

Based on observed means.

The error term is Mean Square (Error) = 26.017.

Table 6. Duncan analysis for Screw Withdrawal Load
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Fig. 6. Internal Bonding of Com-ply.

type was not included in standard, MDF laminating 

using avocado, mahogany and pine veneer was recom-

mended to improve SWL.

MDF’s internal bonding was 0.35 ± 0.09 N･mm-2 

and the IB of all com-ply types was 0.29 ± 0.11 N･

mm-2. The complete values might be seen in Fig. 6. 

All com-ply types had lower IB values than MDF, yet 

the differences were statistically insignificant (p = 

0.647). This was because during the testing, the part 

undergoing damage was the middle layer of compo-

site board (MDF), thus it might be said that all those 

values were the IB value of MDF. The veneer parts 

glued using isocyanate and epoxy adhesive were not 

damaged. The requirement of minimum IB to meet 

JIS standard was 0.5 N･mm-2. Based on this require-

ment, all com-ply types in this research failed to meet 

the standards. Furthermore, low IB also gave the con-

tribution to TS. Fig. 6 shows that PMI had the lowest 

IB. One of its implications was seen from the high 

WA and TS value.

 

3.4. Resistance against drywood termites

The wood and wood panel's resistance to drywood 

termites was classified into 5 categories (BSN, 2006). 

If the weight loss (WL) was less than 2 %, then it 

was classified as highly resistant. Weight losses be-

tween 2.0 and 4.4 % were classified as resistant. Table 

7 showed that MDF, MME, AMI and PME type 

com-ply were classified as resistant to attack, while 
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Type of Com-ply Weight Lossns (%) Mortalitys

 (%)

MDF 2.6 ± 0.6 98.0 ± 3.1

MMI 1.6 ± 0.6 94.8 ± 8.5

MME 2.1 ± 0.5 96.4 ± 2.3

AMI 2.4 ± 0.2 86.8 ± 7.0

AME 1.7 ± 0.3 92.8 ± 4.1

PMI 2.0 ± 0.3 87.2 ± 8.8

PME 3.6 ± 2.5 76.0 ± 10.4

s = significant (p ≤ 0.05)

ns = insignificant (p > 0.05)

Table 7. Weight Loss and Mortality of all comp-ly types

other types were classified as highly resistant.

During the test of resistance, drywood termites were 

placed on the test sample surface. As an implication, 

the laminated material constitutes the main factor 

which influenced its resistance to termites attack. The 

veneer of the three wood types used to laminate MDF 

might endure the attack level well. It was proven that 

the com-ply type of MMI (mahogany, isocyanate ad-

hesives) had smaller weight loss. The MDF was lami-

nated using avocado veneer and epoxy adhesive (AME 

type) increase the durability of MDF from resistant to 

highly resistant category. Com-ply types of AMI, PMI, 

and MME also had WL which was smaller than MDF. 

The only com-ply having WL higher than MDF was 

PME. However, the decreasing value of WL was stat-

istically insignificant. The WL differences in the same 

wood types were caused by the veneer conditions. The 

pine wood part closing to the pith had the WL of more 

than 2 %, while the part closing to the bark, the value 

was less than 2 %. The durability of Mahogany wood 

from the drywood termites' attacks was categorized in-

to highly resistant (WL < 2 %) both in heartwood and 

sapwood part (Septiana et al., 2014)

After attacking the surface, the termite would slow-

ly attack the inside part. Isocyanate and epoxy adhe-

sives served the purpose of making a hindrance in case 

the attack began to take place to the com-ply's middle 

part. The termite attack activities were inhibited as 

shown from the mortality which was more than 70 %. 

It was asserted with the termite mortality which was 

statistically significant (p = 0.002). 

 

4. CONCLUSION  

Laminated MDF using avocado, pine and mahogany 

veneers decreased the hygroscopic properties and in-

creased its resistance to the drywood termites' attacks. 

The increasing com-ply's density was influenced by 

the used veneer type. Most linear expansion decreased, 

yet two com-ply types were found increased. These 

happened both in parallel and perpendicular direction, 

yet statistically insignificant. The decreasing TS after 

laminated with veneers showed that the com-ply's di-

mensional stability increased. SWL also increased up 

to 37.8 % in the PMI com-ply type, while the internal 

bonding was the same with MDF.
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