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ABSTRACT

Fiber reinforced polymer (FRP) composites possess excellent specific
strength, specific stiffness and controlled anisotropy for which these are extensively
used in various engineering applications, like automobile industries, aerospace
industries, marine industries, space industries, electronics industries and many
more. Glass fibers (GF), carbon fibers (CF) and aramid fibers (AF) are common
reinforcements for polymer matrix composites (PMCs). High mechanical properties
and wear resistance behaviour of glass fiber reinforced composites are the
premises for the current experimental research on the effect of fiber orientation on
the tensile strength of the polymeric composite materials. The glass fiber reinforced
epoxy resin composite was prepared by wet lay-up method, followed by thermal

treatment.
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1. Introduction

Developing new composite materials from
existing materials is the real challenge for most of the
material engineers. So, there are huge research
endeavours emerging in the field of composites to
develop new materials with upgraded mechanical,
electrical and thermal properties [1]. Among these
composites, fiber reinforced polymer (FRP) offers not
only high strength to weight ratio, but it also reveals
exceptional properties like high strength, flexibility,
stiffness and resistance to chemical harm. These wide
ranges of diverse features have led composite
materials to find significant applications in a variety
of fields such as construction, mechanical,
automobile,  aerospace, and many  other
manufacturing industries [2, 3].

In order to get the best characteristics of the
composites, different methods may be used, such as
using hard materials like glass mats, silicone or
ceramics, chemical additives or making coating layer
[4]. Glass fiber (fiberglass) is one of the promising
materials that can be used in laminate composite
production. Fiberglass offers excellent strength and
durability, thermal stability, resistance to impact,
chemical, friction, and wear properties [5]. Also, it
was demonstrated the increase of the tensile strength

of the composite properties due to the fiber content
[6, 7].

The arrangement and orientation of fibers define
the properties and structural behavior of composite
material [8, 9]. The fiber orientation mainly depends

on the melt flow characteristics during
manufacturing, which depend on rheological
properties of the melt (viscosity, viscoelastic
properties),  processing  parameters  (injection

temperature, pressure), product complex geometry
(tool complexity) [10]. Literature also shows that
fiber orientation significantly affects the mechanical
properties of the SFRP. If fibers are longitudinally
oriented (parallel to the loading direction),
mechanical properties are improved due to the
efficient load transfer from matrix to fiber, whereas in
the case of transversely oriented fibers (perpendicular
to the loading direction), only a small or negligible
increase in mechanical properties is observed
compared to the non-reinforced (or neat) material [11,
12]. Thus, the fiber orientation and distribution are
parameters that are difficult to predetermine, yet it
needs to be considered during product design and
manufacturing.

As far as it is known, there are limited
information on the application of oriented reinforced
glass fiber as per its improved tensile properties.
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Because of the fact that it was determined that
the polymer composites reinforced with fabrics and
epoxy resins showed very good mechanical results
during the research carried out over a long specific
period of time [13-15], this paper aimed to analyse
the behavior of the composite materials reinforced
with glass fibers and homogeneous epoxy matrix.

2. Materials and methods

2.1. Materials

Epoxy resin has superior mechanical and
electrical properties compared to other resins and it
has good chemical and thermal resistance, but having
high cross-linking, it sometimes suffers from
brittleness and exhibits low impact properties, which
can be improved by fabric reinforcement [16-20]. The
experiments were carried out using the Epiphen
system consisting of RE4020 (resin) and DE 4020
(hardener), with a 100:30 ratio [21, 22]. Generally,
the producers give information regarding the natural
polymerization at room temperature for 14 days, but
to reach the best quality of the polymer, they also
recommend thermal treatments. Glass fiber that has
been used as reinforcement elements has a 280 g/m?

specific weight and the thickness of 220 um. This
fiber has good reinforcement capability.

The samples used in this investigation were
prepared using wet-lay-up technique and the concept
of fiber orientation in the composite was equally
adopted in this work in order to study the influence of
the orientation of glass fiber on the tensile strength of
the composite materials [23, 24]. The wet lay-up
forming method is the most suitable when it is about
forming particular  fabric reinforced polymer
composites, especially when the pot-time of the
polymer is long enough to ensure a good penetration
of the pre-polymer in-between the fiber threads.

It was formed of two composites made of 29
layers, which were denoted in this paper as M1 and
M2. The M1 represents the materials where all the
layers are orientated in the same direction and the
layer configuration of the composite material M2
with the fabric orientation at various angles is
presented in Table 1.

After the introduction of all layers, the mould
was closed and placed in a horizontal position to
ensure the quality of the structure and surfaces of the
formed materials. For the formed materials, thermal
treatment was applied (8 hours at 60 °C, 2 hours at 80
°C and 1 hour at 90 °C) after the natural
polymerization of polymer matrix of reinforced
composites.

Table 1. Orientation of the layers in the composite material

No. layer Orientation
1 e
2 30°
3 45°
4 60°
5 90°
6 -60°
7 -45°
8 -30°
9 e

10 30°
11 45°
12 60°
13 90°
14 -60°
15 -45°

2.2. Tensile test

Tensile properties of the composites were
performed according to ASTM D638-03. The tensile
tests were done on Instron Universal Testing Machine
with a maximum loading capacity of 100 kN. The
tests were set for a loading speed of 5mm/minute and

No. layer Orientation
16 -30°
17 0°
18 30°
19 45°
20 60°
21 90°
22 -60°
23 -45°
24 -30°
25 Qe
26 30°
27 45°
28 60°
29 90°

the stop condition was set at 50% drop of force or 50
mm displacement of grip. The standard tensile
samples were extracted after the thermal treatment
using a high-pressure water jet cutting machine. The
specimen has the following dimensions: 57 mm in
length X 13 mm of width X mm of thickness (Figure
1a).
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Fig. 1. a - The tensile test samples; b - Tensile test specimen holding in the Instron machine

Figure 1b., shows the holding of a tensile test
specimen on an Instron machine. For each composite
panel, a set of five sample specimens were
manufactured and tested. For post processing of the
experimental results, a statistical analysis was
performed based on the arithmetic mean with a
negligible standard deviation.

3. Results and discussion

In the current study the composite material
tensile strength was defined as the ultimate strength
for which the total fracture of the known dog-bone
specimen occurs.

Similar to other literature studies, as described
by [25], the increase of the fiber content determined
high mechanical properties as tensile, impact and
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flexural tendencies fiber on the reinforced polymer
composites. As described by [26], the improving of
the mechanical properties of fibre reinforced
polymeric composites may be preferred to metal for
some engineering applications.

In order to ensure the mechanical strength of the
composite material in all directions, a special
architecture was formed, namely the layers of fabrics
in the formed composite were distributed at different
angles fabric for the M2 material.

If we want to form a composite landmark, a
landmark that presents a certain behavior in different
directions, this behavior can be imprinted on the
composite material from the design phase, by
establishing the optimal architecture.

Figure 2-5 shows the tensile properties of the
formed materials composite.
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Fig. 2. Maximum tensile load of formed materials
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Fig. 4. Tensile strength of formed materials
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Fig. 5. Tensile deformation

From the error bars that represent the standard
deviation, it denotes the fact that the values obtained
from the 5 specimens are close. The difference
between M1 and M2 can be explained by the ones
described above, namely: only 28% of the fibers
make the effort in the test direction.

From the graphs, it can be seen that M2 has a
strength greater than 28% compared to M1, this
indicates that the fibers oriented at 30°, 60° take on a
full-length part of the force.

It can also be seen that the parameters shown on
the graph for the 3 zones show approximately the

same values, which indicates that the evolution of the
force on the move is constant (linear). Therefore, the
material exhibits identical mechanical behavior to
tensile stresses.

Many studies have studied the effect of the
reinforced glass fiber on the bulk mechanical
properties of polymer composites [27-29]. It is widely
acknowledged that the glass fiber, as the reinforced
phase of the composites, bears more external load
than the matrix does under the uniaxial tension.
Specimens images after the test are shown in Figure
6.
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Fig. 6. Specimens after the tensile test

4. Conclusions

By subjecting a piece of fabric-reinforced
composite material to physical stress, it is largely
taken up by the fibers of the fabric. As the fibers in
the fabric are oriented perpendicularly, it is obvious
that the maximum strength of a fabric-reinforced
composite landmark will be in both directions, warp
and beat. If the composite material is formed by the
overlapping of several equally oriented fabric starts,
the maximum strength of the material will be in both
directions.

In the case of material M2, the mechanical
behavior is below the maximum values obtained, then
in the case of material M1, it shows an approximately
identical behavior in all directions, whereas material
M1, although it has comparatively higher mechanical
strength, this behavior is manifested only in both
directions, beating and warping.

The parameter values in the case of material M1
are valid only in the 2 directions (0° 90°), and on
directions (30°, 60°, 45°) of the same material which
has weak mechanical properties. However, this
cannot be noticed in the case of the M2 material,
which has significant amounts of fiber in those
directions that can take over the tensile stress.
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