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Abstract The main purpose of this study is to develop and manufacture veneer overlaid wood plastic composite (VWPC) 

from wood (Pinus taiwanensis) particles, different kinds of plastics (including virgin high density polyethylene (vHDPE), 
recycled high density polyethylene (rHDPE) and recycled low density polyethylene (rLDPE)) and veneer (Pinus radiata) by 
one-step hot-press molding. The effects of density and plastic type on the physicomechanical properties of VWPC were 
evaluated. The experimental results revealed that the flexural properties of WPC increased with increasing density, while no 
statistical differences were observed on VWPC of different densities. Compared with WPC, the panels sandwiched with 
veneers (VWPC) were greatly improved their flexural properties. In addition, among various densities of VWPC, the VWPC 
with density of 800 kg/m3 exhibited the outstanding performance on the dimensional stability and mechanical properties. 
Moreover, mechanical properties of the VWPC containing recycled plastic (rHDPE) were similar and comparable to those of 
composite made from virgin HDPE. 
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Fig. 1. Scheme of VWPC processing. 
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Table 1. Physical properties of HDPE-based WPC 
and VWPC with various densities 

Samples 
Density  
(kg/m3) 

Water 
absorption 

(%) 

Thickness 
swelling (%) 

WPC 

744±23D 16.2±5.4B  3.0±0.3BC 

846±11C 17.8±2.9B  3.4±0.2BC 

967±13B 3.2±0.6C 2.3±0.4C 

VWPC 

695±31D 28.8±3.1A 5.5±0.7B 

816±38C 11.4±0.4B 4.0±1.2BC 

1030±17A 17.2±1.5B 13.4±2.4A 

Values are mean ± standard deviation (SD) (n = 5). 
Different letters within a column indicate significant 
difference at p 0.05. 
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Fig. 2. Compression ratio (CR) of face and back 
veneers of vHDPE-based VWPC with various 
densities. Values are mean ± standard error of 
measurement (SEM) (n = 10). Bars with different 
letters indicate significant difference at p 0.05. 
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Fig. 3. Spring-back of face and back veneers of 
vHDPE-based VWPC with various densities. Values 
are mean ± standard error of measurement (SEM) (n 
= 10). Bars with different letters indicate significant 
difference at p 0.05. 
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2 WPC VWPC  
Table 2. Bending strength and specific bending strength of vHDPE-based WPC and VWPC with various 
densities 

Samples 
Density  
(kg/m3) 

Bending strength Specific bending strength 

MOR (MPa) MOE (GPa) sMOR (MPa) sMOE (GPa) 

WPC 

744 ± 23D 18.1 ± 0.6c 1.6 ± 0.1c 24.5 ± 0.8C 2.1 ± 0.1C 

846 ± 11C 20.5 ± 0.9b 1.8 ± 0.1b 25.6 ± 1.2C 2.1 ± 0.1C 

967 ± 13B 24.1 ± 0.9a 2.0 ± 0.1a 24.9 ± 0.9C 2.1 ± 0.1C 

VWPC* 

695 ± 31D 56.0 ± 8.2A 7.7 ± 1.9A  79.9 ± 11.7A 11.0 ± 2.8A 

816 ± 38C 57.3 ± 5.9A 7.2 ± 1.2A 69.9 ± 7.1A 8.8 ± 1.5AB 

1030 ± 17A 53.1 ± 3.7A 6.1 ± 0.3A 51.6 ± 3.6B 5.9 ± 0.3B 

* Bending properties and specific bending properties for perpendicular veneer of vHDPE-based VWPC with 
various densities. Values are mean ± standard deviation (SD) (n = 5). Different letters within a column indicate 
significant difference at p 0.05. 
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Fig. 4. Wood screw-holding strength of HDPE-based 
WPC and VWPC with various densities. Values are 
mean ± standard deviation (SD) (n = 5). Bars with 
different letters indicate significant difference at p
0.05. 
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3 VWPC  
Table 3. Effects of polymeric matrix on physicomechanical properties of VWPC 

Polymeric 
matrix  

(WPC core) 

Density  
(kg/m3) 

Water 
absorption 

(%) 

Thickness 
swelling (%) 

Bending strength WS 
(N) MOR (MPa) MOE (GPa) 

vHDPE 816 ± 38A 11.4 ± 0.4B 4.0 ± 1.2C 57.3 ± 5.9A 7.2 ± 1.2A 899 ± 67A 

rHDPE 803 ± 18A 15.6 ± 1.1A 7.1 ± 0.8B 50.7 ± 6.1A 4.6 ± 0.9AB 885 ± 72A 

rLDPE 773 ± 9A 16.3 ± 0.9A 9.0 ± 1.3A 38.4 ± 4.8B 3.7 ± 0.7B 573 ± 57B 

Values are mean ± standard deviation (SD) (n = 5). Different letters within a column indicate significant 
difference at p 0.05. 
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