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Abstract - The main purpose of this study is an
experimental investigation and comparison of the
mechanical properties of pultruded glass fibre reinforced
polymer composite based on polyester and vinylester resin.
For this purpose, the specimens were cut from the walls of
square tube pultruded profile along to the fibres direction.
The mechanical properties of the pultruded composite such
as ultimate tensile strength and ultimate bending strength,
tensile modulus and flexural modulus were obtained. It was
observed that using of vinyl ester resin in pultruded
composite instead of polyester resin enhanced the ultimate
tensile and flexural strength from ~13% to ~24% in
dependence of composite specimen’s thickness.

Keywords - Pultruded unidirectional GFRP lamina, tensile
testing, flexural testing

I. INTRODUCTION

Modern composites are widely used now in different
engineering constructions due to their high stiffness-to-
weight and strength-to-weight ratios [1], [2] and high
dissipative properties [3], [4]. The mechanical properties of
composite materials are estimated in most cases by using
conventional fracture methods [5]-[6], ultrasonics [7] and
inverse technique based on low-frequency vibrations [8]-
[10].

Pultrusion is one of the fastest growing manufacturing
processes within the composites market. It is a continuous
and cost-effective technology and is widely used for a
production of high strength fibre-reinforced polymer
composite profiles with different cross-sections [11].

During the manufacturing process, the reinforcement
materials (fibres in the form of roving and mats) are pulled
through an impregnation bath, containing a resin, and then
fed into a heated forming where shaped into the geometry

Andrejs Morozovs
COMPOR Ltd

Riga, Latvia
andrejs.morozovs@compor.lv

of pultruded profile. Finally, the profile is pulled out of the
heated mould and cut according to desired length [12].

In literature, many different numerical and
experimental techniques are carried out to design
pultrusion processes. Mostly, thermo-chemical modelling
in transient and steady state analyses are developed for a
better understanding of pultrusion processes to analyse the
distributions of temperature and degree of cure inside the
die, using the finite element methodology [13]-[15] finite
difference methodology, based on the nodal control volume
method [16], [17].

Modern pultruded fibre reinforcing polymer (FRP) are
becoming significantly important for the production of a
large variety of products due to their light weight, higher
tensile strength, good environmental resistance, high
durability and electromagnetic neutrality [18], [19]. These
characteristics ensure extensive application in civil
engineering. Pultruded profiles are widely used as main
structural component in bridge and building construction
instead of the traditional materials [20]-[22].

The most common pultruded FRP composites used
continuous fibres in the form of rovings, mats, woven
fabrics and various type resin materials, including
polyester, epoxy and vinyl ester. Combinations of these
materials allows obtain the necessary mechanical
properties of composite used for construction purpose [23].
The knowledge about mechanical properties of various
pultruded GFRP composites significantly grow in last few
years. Many researchers reported advantageous of
pultruded composites by means of mechanical properties.
A systematic study on material properties of pultruded
GFRP composites is very important for extend application
these materials in civil engineering [24]-[26] and
simulation on mechanical behaviour of structures under
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loading. Characterization of mechanical behaviour is not
only an important study for entire structures under loading,
but also for the separate parts in time of their production,
since stresses and deformations caused by the process may
occur [27]- [29].

One of the main component in pultrusion is a type of
resins. Polyester resins is the most widely used type of resin
used in manufacture of pultruded composite. This resin can
be used in the manufacture of anything composite and has
an excellent resistance to corrosion in aggressive
environments. Disadvantage of this polyester resin in
compare to the vinylester resin is low long-term durability.
In addition, the vinylester resin faster in cure and offers
exceptional moisture resistance. The strength of vinylester
is higher than polyester resin but polyester resin is the
cheapest [30], [31].

The main aim of this investigation is an experimental
determination the mechanical properties of pultruded
GFRP composite based on polyester and vinylester resin
and their comparison. Mechanical characteristics include
tensile and flexural modulus of elasticity and ultimate
tensile and bending strength. Specimens with two thickness
and different structures used in this study.

Il. MATERIALS AND METHODS

The pultruded GFRP specimens involved in this study
were manufactured by COMPOR Company. They cut off
from E-glass/polyester and E-glass/vinylester sheets with
6.3 mm and 3 mm thickness, respectively. The sheets cut
off from walls of square tubes. GFRP square tube were
fabricated with unidirectional glass fibre yarn
(48009/1000m) and continuous filament mat (CFM) layers
embedded in polyester or vinylester resin matrix through
pultrusion process. Wall with thickness of 6 mm consist of
outer and internal middle layer of CFM with density 600
g/m? and inside layer with density 450 g/m2. The wall with
thickness of 3 mm consist of two CFM as outer and inside
layer with density 450 g/m?. It can be note that difference
in construction of specimens can lead to distinction in
mechanical properties.

The tension tests were carried out according to ASTM
D3039 [32] in order to determine the ultimate tensile
strength and longitudinal elastic modulus. Specimens were
tested using a universal testing machine ZWICK100 with a
capacity of 100 kN and crosshead movement speed of 2
mm/min. The dimension of specimens are 250 mm long in
the direction of roving fibres and 25 mm wide. Gauge
length of extensometer in tensile testing was 50 mm. The
resulting average values of tensile test results were taken
by repeating nine tests.

The ultimate tensile strength (o7) and longitudinal
tensile modulus (Er) were calculated using Equations (1)
and (2).

or = Pmax/A (1)

Er = Ag/Ac 2)
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where, Pmax is the force that caused failure (N); A is the
cross-sectional area (mm2); Ac is the difference in applied
tensile stress between the two strain points (MPa); Ae is the
difference between the two strain points

The flexural properties of pultruded GFRP composite
specimens were determined according to ASTM D790 [33]
using an Instron E3000 testing machine. The three-point
bending flexural test were carried out to determine values
of elastic modulus and ultimate flexural stress. Flexural
tests were carried out at crosshead speed of 5 mm/min and
using a 3 kN load cell. The dimension of flexural specimens
for thickness 6.3 mm are 120 mm long in direction of
roving fibres and 23 mm wide. The span was chosen
according to recommendation of ASTM D790 standard.
Span-to-thickness ratio, L/t, must be 16:1. Thus span
between two supports is 100 mm. Specimens with 3 mm
thickness has 60 mm long and 11 mm wide. Span between
two supports is 48 mm. The resulting average values of
bending test results were taken by repeating seven tests.

The ultimate flexural stress (o) and flexural modulus
(Es) were calculated using Equations (3) and (4).

3
“4)

O'f = 3PmaxL/2bt2
E; = [3AF /4bh*As

where: Pmay is the failure force (N); L is the support span
(mm); b is the width of specimen (mm); t is the thickness
of specimen (mm); As is the difference in specimen mid-
point deflections (mm); AF is the difference in loads at As
respectively (N).

I11. FRESULTS AND DISCUSSIONS

A. Tensile and Flexural Strength

Table 1 and Table 2 represent the comparison between
tensile and flexural average strength for two pultruded
composite with two type of resins and two thickness,
respectively. The largest value in the tensile and flexural
strength of the pultruded composites were obtained for
composites with vinylester resin.

Replacement of a polyester resin (PE) by vinylester
resin (VE) increases ultimate tensile strength of pultruded
composites (Table 1). The maximum tensile stress reached
448.6 MPa and 353.7 MPa for pultruded composites with
thickness 6.3 mm and 3 mm. The replacement of a
polyester resin (PE) by vinylester resin (VE) gives an
increase of ~18% and ~16%, respectively.

TABLE 1 TENSILE STRENGTH

Numbe Aver Star)da}rd Coeffi_cignt of
Specimen r of Deviation Variation
tests GPa GPa %
VE t=6.3 mm 9 448.6 21.58 5.07
PE t=6.3 mm 9 367.5 23.10 6.62
VE t=3 mm 9 353.7 24.99 7.45
PE t=3 mm 9 295.9 22.97 7.76
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A similar increase is observed for the flexural strength
in the pultruded composites (Table 2). Differences of the
maximal stress between two resins achieve ~13% for
specimens with thickness 6.3 mm and ~24% for specimens
with thickness 3 mm.

TABLE 2 FLEXURAL STRENGTH

) Number Mean Star]da}rd Coeffi_cie_nt of
Specimen of tests Deviation Variation
GPa GPa %
VE t=6.3 mm 7 506.0 20.24 4.00
PE t=6.3 mm 7 439.0 18.24 4,16
VE t=3 mm 7 268.6 21.80 8.12
PE t=3 mm 7 203.0 15.10 7.44

Averaged tensile stress-elongation curves of pultruded
composites with two type of resins is plotted in Fig. 1. The
stress-elongation curves for both type of resins were linear
up to break. It can be observed that elongation at break for
pultruded composite with polyester resin less than for
composite with vinylester resin.
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Fig. 1. Tensile stress-elongation curves of pultruded GFRP specimens
with different thickness and resin.

Fig. 2. shows average flexural stress-displacement
curves of pultruded composites with two type of resins. The
displacement at failure had similar values for the pultruded
composite with polyester and vinylester resin with the same
thickness. The stress increased linearly until failure. The
local destruction of the specimens begins on the lower
surface in the middle of the span.
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Fig. 2. Flexure stress-displacement curves of pultruded GFRP
specimens with different thickness and resins.
B. Tensile and Flexural Elastic Modulus

The average results obtained for the tensile and flexural
modulus with two type resin of the pultruded composites
are presented in Table 3 and Table 4, respectively.

TABLE 3 TENSILE ELASTIC MODULUS

Standard | Coefficient of
Specimen NO??;E; r| Mean Deviation Variation
GPa GPa %
VE t=6.3 mm 9 28.36 341 12.04
PE t=6.3 mm 9 29.25 1.46 4.97
VE t=3 mm 9 22.60 2.34 10.36
PE t=3 mm 9 22.84 2.25 9.84

The pultruded composite with polyester and vinylester
resin have approximately the same results in tensile
modulus (Table 3). Percentage difference between
polyester and vinylester resin does not exceed ~3% and
~1% for composites with thickness 6.3 mm and 3 mm,
respectively.

Comparing the flexural modulis of the pultruded
composite with two type of resin when thickness of
specimens is 6.3 mm no significant differences were
observed between them ~3%.

TABLE 4 FLEXURAL ELASTIC MODULUS

) Number Mean Star}dgrd Coeffi_cignt of
Specimen of tests Deviation Variation
GPa GPa %
VE t=6.3 mm 7 19.78 1.37 6.90
PE t=6.3 mm 7 19.14 1.75 9.15
VE t=3 mm 7 9.90 0.96 9.68
PE t=3 mm 7 7.23 0.66 9.08

The replacement of a polyester resin by vinylester resin
had the negligible influence on the flexural modulus of
elasticity for composites with thickness 6.3 mm (table 3).
The greatest increase of flexural modulus was obtained
only for composites with thickness 3 mm and achieves
~27%. The flexural modulus of elasticity increased from
7.23 to 9.90 GPa.
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The pultruded composite with thickness of 3 mm has a
lower tensile and flexural modulus in compared to the
corresponding values of composites with thickness of 6
mm. Different number of continuous filament mat in
construction of pultruded composite may explain this
difference.

IV. CONCLUSIONS

In the present research, the mechanical properties of
pultruded GFRP composite with combination of two resin
were studied. The knowledge about mechanical properties
of pultruded glass fibre reinforced polymer composite
based on polyester and vinylester resin are important
because this product is relatively light and can be used in
specific places. The experimental testing and analysis of
pultruded GFRP composite were performed with the aim to
investigate the influence of vinylester resin and polyester
resin on the ultimate tensile and flexural strength, elastic
and flexural modulus. For this reason, the composite
specimens with two thickness and two type of resin were
investigated experimentally. The results obtained allow us
to conclude:

e The ultimate tensile strength was obtained for the
pultruded composite with vinylester resin. The
ultimate tension strength increase by ~18% and
~16% for pultruded composites with thickness of
6.3 mm and 3 mm, respectively.

The ultimate flexural strength of pultruded
composites with thickness 6 mm was increased by
~13% from 439.0 to 506.0 MPa. Composite with
thickness 3 mm had the greatest percent increase in
strength ~24%.

The pultruded composite with polyester and
vinylester resin have approximately the same results
of tensile modulus.

The replacement of a polyester resin by vinylester
resin had the neglible influence on the flexural
modulus of elasticity for composites with thickness
6.3 mm. The greatest increase of flexural modulus
was obtained only for composites with thickness 3
mm and achieves ~27%. The flexural modulus of
elasticity increased from 7.23 to 9.90 GPa.
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