
INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN, 2/2021 (20): 5–10 

PROPERTIES OF WOVEN GLASS FIBER FABRIC REINFORCED 
POLYPROPYLENE BASED WOOD PLASTIC COMPOSITES 

Sefa Durmaz, Yusuf Ziya Erdil, Erkan Avci 
Mugla Sitki Kocman University, Turkey 

e-mail: sefadurmaz@mu.edu.tr; erdil@mu.edu.tr; erkanavci@mu.edu.tr 

ABSTRACT 
Wood-plastic composites (WPCs) have excessively taken place in the construction indus-

try in recent years. The high technological properties are crucial for WPCs when utilized as 
structural members. In this study, flat-pressed WPCs produced with polypropylene (PP) were 
reinforced with woven glass fiber fabric to enhance their properties. The effect of intensity of 
woven fabric (195 gr/m2 and 390 gr/m2) and wood flour content (40, 50, 60%) on WPCs' phys-
ical and mechanical properties were investigated. The addition of a coupling agent (CA) posi-
tively influenced WPCs' mechanical properties and restricted water absorption. However, water 
absorption increased with an increase in wood flour content. The increase in water exposure 
time from 1 day to 30 days increased water absorption up to 37%. In terms of water absorption, 
there was no significant difference between reinforced WPCs and controls. The reinforcement 
of WPCs improved mechanical properties significantly; i.e., flexural strength was increased up 
to 252%, while tensile strength reached up to 667%. As expected, the increase in wood flour 
content decreased mechanical properties. The incompatibility between wood flour and PP neg-
atively influenced WPCs properties. It could be concluded that, if configured appropriately to 
the usage conditions, flat-pressed WPCs reinforced with woven glass fiber fabric have a poten-
tial for areas where high strength is required. 
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INTRODUCTION 
One way to evaluate woody materials 

efficiently is to combine them with different 
materials that also provide unique properties 
to a new material called "composite mate-
rial." Wood-plastic composites (WPCs) had 
been introduced after the mid-20th century, 
in addition to other wood composites such as 
particleboard, MDF, etc. During the first 
years, WPCs were used in applications where 
high mechanical properties were not re-
quired, such as a deck, fence, etc. (Klyosov, 
2007; Kim and Pal, 2010). The addition of 
wood fiber in the thermoplastics reduces the 
prices of the new materials and adds superior 
properties such as stiffness (Kaymakci et al., 
2017; Kim and Pal, 2010; Kordkheili et al., 

2013). However, wood has some disad-
vantages. Wood changes its dimensions de-
pending on the relative humidity of air (Hon 
and Shiraishi, 2001), can be degraded under 
adverse conditions (Hill, 2007; Schmidt, 
2006), and also affected by UV lights which 
results in color change (Fabiyi ve McDonald, 
2010; Feist ve Hon, 1984; Ozgenc, 2014).  

In recent years, WPCs have been desired 
to be utilized in applications where high me-
chanical properties are required, such as 
structural members in construction. For this 
purpose, WPCs are reinforced with synthetic 
fibers made of glass, carbon, and aramid. 
Among those, glass fiber is usually used in 
low-cost reinforcement applications due to 
its relatively low price, high strength, and 
high stiffness (Frederic, 1992; Zoghi, 2013). 
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Fu et al. (2000) determined an increase for 
tensile strength up to 50%; while, the en-
hancement reached up 111% for tensile 
strength (Gullu et al. 2006) with glass fiber 
reinforcement. Valente (2011) also reported 
that the mechanical properties of WPCs rein-
forced with glass fiber were improved; how-
ever, the increase in the wood flour content 
negatively affected the mechanical proper-
ties.  

The infinite filaments have provided 
woven fabrics with high strength as com-
pared to short fiber. Woven fabrics are well-
known to be used in the application where 
thermosetting resins are used. However, in 
recent years, woven fabrics have been used to 
improve the mechanical properties of ther-
moplastic polymers, too (Boccardi et al. 
2016; Kollerov et al., 2019; Russo et al. 
2013; Simeoli et al. 2014; Sorrentino et al. 
2015). Woven fabric reinforcement increased 
up to 500% for tensile strength (Russo et al. 
2013). Although some research gives prom-
ising results, there is still limited study about 
WPCs reinforced with woven fabrics.  

In this study, PP-based flat-pressed 
WPCs were reinforced with glass fiber wo-
ven fabric to improve some physical and me-
chanical properties. Water absorption proper-
ties were investigated. The mechanical prop-
erties, which are expected to be most im-
proved, were also examined; namely, tensile 
strength, flexural strength, and modulus of 
elasticity were tested. The effects of wood 
flour content and coupling agent on the rein-
forcement were also evaluated. 

MATERIALS AND METHODS  
Pinewood flour (Pinus sylvestris L.), a 

coniferous wood species, 40 to 60 mesh, was 
used as lignocellulosic filler. The powder of 
polypropylene (Ucar Plastic, İzmir, Turkey) 
was used as a thermoplastic polymer. The 

density and melt flow index (MFI) of poly-
propylene are 0.905 g/cm3 and 3–27 g/10 min 
(190oC/2.16 kg). Glass fiber woven fabrics 
with two different densities (195 and 
390 gr/m2) (SPM Composites, Ankara, Tur-
key) were selected for reinforcement.  

Wood flour was dried under 2% mois-
ture content. Wood flour and PP powder were 
mixed with a rotary drum blender (30–
40 rev/min). Wood flour and PP ratio were 
adjusted to 40:60%, 50:50%, and 60:40% in 
weight. The coupling agent (maleic anhy-
dride grafted polypropylene) at 3% was used. 
The 20% of the mixture was laid on the alu-
minium plate, and the woven fabric was 
placed. Then, 60% of the mixture was laid on 
the fabric, and the second fabric was placed. 
Finally, the rest of the mixture was laid on the 
fabric, and the draft was formed. The target 
density was 1 gr/cm3. The press temperature 
and pressure were 170°C and 24–26 kp/cm2 

(CemilUsta SSP 125, Istanbul, Turkey), re-
spectively. The pressing time was 15 
minutes. The final dimensions of produced 
panels were 500x500x4mm. All panels were 
conditioned according to ASTM D618 
(2000). Figure 1 shows profile of a sample 
WPC panel. 

The water absorption property of speci-
mens was determined according to ASTM 
D570. The specimens were thoroughly 
soaked in the water for one day, three days, 
seven days, 14 days, and 30 days. The meas-
urements were taken from the clean and dry 
surface of the specimens. Twelve samples 
were tested for each group. 

According to procedures outlined in 
ASTM D790, the three-point bending test 
was carried out to determine the flexural 
strength and modulus of elasticity. The ten-
sile strength was determined according to 
ASTM D638. The mechanical tests were per-
formed with a universal testing machine 
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(Marestek, Istanbul, Turkey). Twenty sam-
ples were tested for each group.  

 

 
Figure 1: Profile of a reinforced WPC panel 

RESULTS AND DISCUSSION 

1. WATER ABSORPTION (WA) 
The WA of reinforced WPCs was inves-

tigated as compared to control samples, as 
seen in Table 1. The WA rate of WPCs in-
creased up to 37% with increasing exposure 

time. The WA rate of WPCs was signifi-
cantly changed in the first seven days. How-
ever, there was no significant difference after 
14 days. The highest WA was obtained in 30 
days. The hydroxyl groups of wood interact 
with water molecules, resulting in water ab-
sorption or desorption depending on the en-
vironment (Ayrilmis et al., 2011). As ex-
pected, the increase in wood flour content in-
creased WA rate of WPCs for all groups. The 
highest water absorption was obtained from 
60% wood flour content. The coupling agent 
positively influenced WA rate. Incompatibil-
ity was reduced with the addition of a cou-
pling agent, which improved the properties of 
WPCs (Mengeloglu and Kabakci, 2008). As 
can be seen that the effect of reinforcement 
on WA was not significant; i.e., WA rate of 
reinforced and control specimens was quite 
alike. 

Table 1: The water absorption rate of WPC samples 

 
Wood/PP 

(%) 
Coupling 

Agent 
Water Absorption Rate (%) 

1 day 3 day 7 day 14 day 30 day 

Control 

40/60 
Not incl. 9.91 17.31 25.21 31.47 32.10 

Inc. 8.38 16.64 22.90 24.90 25.01 

50/50 
Not incl. 13.08 21.19 26.80 30.44 32.90 

Inc. 10.76 19.90 26.58 28.76 30.39 

60/40 
Not incl. 15.12 23.72 29.45 32.79 37.05 

Inc. 12.03 21.13 25.87 29.08 31.55 

GF 195 

40/60 
Not incl. 9.49 15.68 20.14 22.53 23.57 

Inc. 8.27 13.78 18.80 21.65 23.50 

50/50 
Not incl. 11.70 18.59 23.03 24.54 27.00 

Inc. 10.69 18.03 22.85 23.92 26.21 

60/40 
Not incl. 13.53 23.68 28.20 28.91 32.67 

Inc. 12.50 20.90 25.41 28.14 32.41 

GF 390 

40/60 
Not incl. 9.27 16.24 22.09 27.44 29.12 

Inc. 8.90 14.08 18.94 20.59 22.60 

50/50 
Not incl. 13.58 19.95 23.61 26.02 29.15 

Inc. 10.49 15.50 19.70 21.74 24.86 

60/40 
Not incl. 16.59 27.55 27.13 31.91 35.96 

Inc. 15.82 20.32 26.07 28.17 32.03 

 

2. MECHANICAL PROPERTIES  
Glass fiber is well-known to have high 

mechanical properties. The effect of rein-
forcement with glass fiber woven fabric on 
the mechanical properties of WPCs was in-

vestigated. Overall results are given in Ta-
ble 2. Results showed that glass fiber fabric 
reinforcement yielded high mechanical prop-
erties. Considerable improvement was 
achieved with reinforcement with compared 
to unreinforced control specimens. The flex-
ural strength was increased up to 123% with 
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reinforcement; while, the increase passed 
over 250% with the addition of a coupling 
agent. Incompatibility between wood and 
polymer negatively affected mechanical 
properties. The effective load transfer in the 
matrix could be provided with a good linkage 
which the coupling agent could positively in-
fluence. The highest flexural strength was 
obtained from WPC containing 40% wood 
flour content reinforced with 390 gr/m2 glass 
fiber fabric. The increase in the wood flour 
content decreased flexural strength. How-
ever, increase in wood flour content im-
proved the modulus of elasticity. The highest 
modulus of elasticity was obtained from 
WPC containing the highest wood flour con-
tent (60%) reinforced with 390 gr/m2 glass fi-
ber woven fabric. Addition of the coupling 
agent also increased MOE.  

Synthetic fibers such as glass fiber have 
high tensile strength. As seen in Table 2, the 
increase in the tensile strength was up to 
639% with reinforcement. The increase 
reached up 667% with the addition of cou-
pling agent. Likewise, flexural strength, in-
crease in the wood flour content negatively 
affected tensile strength. The highest in-
crease in the tensile strength was achieved 
with WPC samples containing 40% wood 
flour content reinforced with 390gr/m2 glass 
fiber. The filament in the fabric increase with 
increasing fabric density which could carry 
more load. Therefore, the tensile strength in-
creased with the increasing density of the wo-
ven fabric. 

Table 2: Mechanical properties of WPCs 

 
Wood/PP 

(%) 
Coupling 

Agent 
Flexural Strength 

(Mpa) 
Modulus of Elas-

ticity (Mpa) 
Tensile Strength 

(Mpa) 

Control 

40/60 
Not incl. 14.63 (0.89) 2576 (153) 6.79 (0.55) 

Inc. 23.06 (2.12) 2884 (270) 7.05 (0.64) 

50/50 
Not incl. 14.31 (0.86) 2671 (155) 6.72 (0.62) 

Inc. 22.52 (2.32) 3222 (180) 6.98 (0.77) 

60/40 
Not incl. 13.70 (0.70) 2787 (176) 6.17 (0.57) 

Inc. 22.51 (1.91) 3359 (151) 6.92 (0.58) 

GF 195 

40/60 
Not incl. 39.93 (2.48) 3021 (159) 24.45 (2.15) 

Inc. 40.85 (3.20) 4089 (314) 24.50 (1.95) 

50/50 
Not incl. 37.84 (3.47) 3731 (128) 21.28 (3.91) 

Inc. 40.80 (3.60) 4420 (222) 21.98 (2.35) 

60/40 
Not incl. 36.63 (2.40) 4027 (251) 16.95 (1.08) 

Inc. 39.28 (2.98) 4730 (198) 19.61 (2.03) 

GF 390 

40/60 
Not incl. 44.02 (2.50) 4137 (425) 51.27 (5.95) 

Inc. 51.46 (4.86) 5001 (429) 52.12 (6.19) 

50/50 
Not incl. 42.54 (3.24) 4279 (303) 51.19 (3.11) 

Inc. 49.57 (4.33) 5041 (418) 51.25 (6.84) 

60/40 
Not incl. 39.56 (3.23) 4297 (215) 47.12 (3.15) 

Inc. 49.22 (2.21) 5180 (275) 48.81 (4.12) 

*Values in parentheses are standard deviations 

CONCLUSIONS 
In this study, PP-based flat-pressed 

WPCs were reinforced with glass fiber wo-
ven fabric. The physical and mechanical 
properties were investigated to determine the 
effect of reinforcement. There was no signif-

icant effect of reinforcement on the water ab-
sorption. Yet, as the density increased for 
woven fabric, a slight increase in water ab-
sorption has been observed. It is thought that 
the water molecules in the gaps of the woven 
fabric could be responsible for the increase in 
the WA. However, the increase in the wood 
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flour content negatively influenced WA. The 
reinforcement with glass fiber woven fabric 
significantly increased mechanical proper-
ties. The increase in the flexural strength 
reached up 252% with the effect of reinforce-
ment and coupling agent. The MOE of WPCs 
was also increased up to 86%. The effect of 
the coupling agent on the improvement of 
mechanical properties is significant. The in-
teraction between wood/polymer/woven fab-
rics was improved with the addition of cou-
pling agent. The tensile strength was also im-
proved with reinforcement. The improve-
ment reached 667% with the effect of rein-
forcement and coupling agent. This study 
showed that the reinforcement has allowed 
WPCs to be evaluated in the areas where high 
mechanical properties are desired. 
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