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In this study, mechanical behavior of epoxy composite reinforced by unidirectional and woven fiber is inves-
tigated experimentally. In the preparation of composite samples woven shaped glass, aramid and carbon fibers
and unidirectional shaped glass and carbon fibers were used. Tension, compression and shear tests were carried
out to determine mechanical properties of composites. It is seen from the test results, that unidirectional carbon
fiber shows better performance than the glass fiber. Mechanical properties of 0°-oriented unidirectional fiber are
better than those of 90°-oriented unidirectional fiber. Mechanical properties of aramid-fiber-reinforced composite
are higher than those of glass and carbon fiber, when the woven types of fibers are considered.
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1. Introduction

Composites are becoming an essential part of today’s
materials because they offer such advantages as low
weight, corrosion resistance, high fatigue strength, faster
assembly, etc. Composites are used as materials for vari-
ous applications, ranging from making aircraft structures
to golf clubs, electronic packaging to medical equipment
and from space vehicles to home building [1].

Design goals of fiber-reinforced composites often in-
clude high strength and/or stiffness at a given weight.
These characteristics are expressed in terms of specific
strength and specific modulus parameters, which cor-
respond, respectively, to the ratios of tensile strength
to specific weight and modulus of elasticity to specific
weight. Fiber-reinforced composites with exceptionally
high specific strengths and moduli have been already
produced, that use low-density fiber and matrix mate-
rials [2].

Many researchers have done studies on fiber reinforced
epoxy composites. Generally glass, carbon and aramid
are used as fiber material. Mechanical properties of fi-
ber reinforced composites in these studies are investiga-
ted experimentally, numerically and analytically [3-18].
There are also some studies on basalt fiber and hydrojel
composites [19, 20]

Frangopol et al. investigated the reliability of a com-
posite laminate plate by using Tsai-Wu failure crite-
rion. Fiber orientation, layer thickness and number have
a significant effect on the reliability of fiber reinforced
composite plates [3]. Mortazavian et al. investigated
the anisotropy effects on tensile properties of two short
glass-fiber-reinforced thermoplastics experimentally and
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analytically. Laminate analogy and modified Tsai-Hill
criteria provided satisfactory predictions of elastic modu-
lus and tensile strength [4]. Flexural properties of bidi-
rectional hybrid epoxy composites reinforced with glass
and carbon fiber were investigated experimentally and
using finite element analyses by Dong et al. [6].

Failure analysis of composite laminates subjected to
tension, shear and compression were investigated by nu-
merical analyses and experimentally [7, 8]. High strain
rate out-of-plane properties of aramid fabric reinfor-
ced polyamide composite are investigated experimen-
tally. Influence of strain rate on the tensile and compres-
sion properties of glass, carbon and aramid reinforced
epoxy/polyamide composites are studied experimentally
and theoretically in [9, 10].

Wicaksono et al. investigated the material proper-
ties of woven carbon fiber-reinforced plastic material sub-
jected to static and fatigue loading. They found good cor-
relations between predicted and experimental results [13].
In our previous study we investigated experimentally the
bending behavior of hybrid composites reinforced by wo-
ven fiber. Load carrying capacity of hybrid tubes incre-
ased 7 times and energy absorbing capacity 9.6 times,
respectively [14]. Ozsoy et al. investigated the tensile,
bending, impact and hardness properties of chopped car-
bon fiber reinforced epoxy composites with varied weight
fractions. They have shown that tensile, bending and
impact performances have increased up to 8% of carbon
fiber in the composite and then started to decrease [16].

In this study, we investigated the mechanical proper-
ties of unidirectional (glass and carbon) and woven (glass,
aramid and carbon) fiber reinforced epoxy composites.
Tensile, shear and compression behavior of composites
were investigated.

2. Experimental studies

In this study, mechanical behavior of woven and unidi-
rectional fiber reinforced epoxy composites was investi-
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gated in a systematic experimental procedure. The fi-
ber components utilized in specimen preparation are
twill-structured glass fiber (280 g/m?), twill-structured
aramid fiber (170 g/m?), plain-structured carbon fiber
(200 g/m?), 300 g/m? unidirectional glass and 350 g/m?
unidirectional carbon fiber. Each test was repeated on
three specimens and the average values were considered.
Images of fiber material are given in Fig. 1.
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Fig. 1. (a) 300 g/mm?® unidirecitonal glass,
(b) 350 g/mm?® unidirecitonal carbon fiber,
(c) 280 g/mm? twill woven glass fiber, (d) 170 g/mm?
twill woven aramid fiber, (e) 200 g/mm? plain woven
carbon fiber.

Fig. 2.

Instron test machine.

Tension, compression and shear tests specimens were
prepared for determination of mechanical properties of
glass, aramid and carbon fiber reinforced epoxy compo-
sites. Composites were manufactured by manual lay-up
process. Composites were cured at 75°C in a stove af-
ter curing at room temperature for 24 hours. Epoxy resin

(MGS L285) was mixed with hardener (HGS L285) in vo-
lume ratio of 100/50, as is recommended by the supplier.
Tension, compression and shear test specimens were cut
according to the ASTM D3039 [21], ASTM D3410 [22]
and ASTM D3518 [23]. Steel plates were glued to edges of
some specimens to prevent failure. Load measurements
were performed with Instron machine (Fig. 2). Video ex-
tensometer was used in the tests. Tension and shear tests
were carried out at 2 mm/min and compression tests at
1.5 mm/min.
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Fig. 3. Tension, compression and shear test specimens
of woven glass, aramid and carbon fiber reinforced epoxy
composites, (a) tension test specimen, (b) compression
test specimen, (c) shear test specimen.

Fig. 4. Tension, compression and shear test speci-
mens of unidirectional glass and carbon fiber (a) 0°-
orientation tension test specimen, (b) 0°-orientation
compression test specimen, (c) 0°-orientation shear test
specimen, (d) 90°-orientation tension test specimen,
(e) 90°-orientation compression test specimen.

Tensile, compressive and shear tests samples are given
in Figs. 3 and 4.

3. Experimental results

Mechanical test results of unidirectional and woven fi-
ber reinforced epoxy composites and tensile strength ra-
tio of unidirectional fiber reinforced epoxy composites
are given in Tables I and II. Mechanical properties of
fiber reinforced composites obtained from tests are given
in Table I. Tensile strength ratios of unidirectional fiber
reinforced epoxy composites are given in Table II.

Results from obtained tests are in accordance with li-
terature. However, there are some little difference in va-
lues compared to literature, due to fact that composites
were manufactured by manual lay-up process. Optimum
results of woven fiber reinforced epoxy composite were
obtained in aramid reinforced epoxy composite. Carbon
fiber reinforced epoxy composite have better results than
glass reinforced epoxy composite, among the unidirecti-
onal fiber reinforced epoxy composites.
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TABLE I
Mechanical properties of fiber reinforced composites obtained from tension, compression and shear tests.
. Volume .. | Elasticity | Shear |Poison| Tensile | Tensile Shear |Compression .
Reinforcement Density . Elongation
e of fiber [ /cm3] module |module| ratio |strength |strength/ |strength| strength at break
yp o[ [MPa] | [MPa] | [] | [MPa] | density | [MPa] [MPal
Woven glass 30 1.55 14 352 4728 0.24 220 141.9 119 96 0.016
Woven aramid 30 1.2 19 087 2585 | 0.38 357 297.5 53 64 0.019
Woven carbon 30 1.31 42 000 12350 | 0.32 340 259.5 180 118 0.009
Unidir. glass (0°) 30 1.55 18 300 3895 | 0.25 432 278.7 30 71 0.028
Unidir. glass (90°) 30 1.55 7 940 3895 | 0.17 52 33.5 30 16 0.0096
Unidir. carbon (0°) 30 1.31 78 715 2195 0.4 826 630.5 20 118 0.0100
Unidir. carbon (90°) 30 1.31 4 930 2195 0.25 37 28.2 20 27 0.0130
(
TABLE II

Tensile strength ratio of unidirectional fiber
reinforced epoxy.

Unidirectional fiber Tensile strength a

reinforced epoxy ratio b

0° glass / 90 ° glass 8.3 :
0° carbon / 90 ° carbon 22.3

0° carbon / 0° glass 1.91 d
90° carbon / 90° glass 0.71

Maximum improvement is obtained in 0°-orientation
fiber in unidirectional fiber reinforced epoxy composites
compared to the 90° orientation. Improvement ratio of
tensile strength in 0° glass epoxy composites is 8.3 with
respect to 90°-orientation glass fiber reinforced epoxy.
Improvement ratio of tensile strength in 0°-orientation
carbon fiber epoxy composites is 22.3 with respect to
90°-orientation carbon fiber reinforced epoxy (Table II).

The best result of tensile strength/density ratio
is found in unidirectional 0°-orientation carbon fiber
reinforced epoxy with value of 630.5. It is followed
by the woven aramid fiber reinforced epoxy with ratio
value of 297.5. Elasticity module of 0°-orientation glass
fiber reinforced epoxy is 2.3 times higher than that of
90°-orientation glass fiber reinforced epoxy due to
elasticity module of 0°-orientation carbon fiber rein-
forced epoxy, which is 15.9 times higher than that of
90°-orientation carbon fiber reinforced epoxy. Tensile
strength of 0°-orientation carbon fiber reinforced epoxy
is approximately 2 times higher than that of glass-
reinforced, however the ratio of elasticity modules of
0°-orientation carbon fiber to that of 0°-orientation glass
fiber is 4.3.
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The image of the fiber reinforced epoxy composites af-
ter tests is given in Figs. 5 and 6.

Fig. 6.

Unidirectional glass and carbon reinforced
composite after tests, (a) tensile test at 0° orientation,
(b) compression test at 0° orientation, (c¢) unidirectional
shear test, (d) tensile test at 90° orientation, (e) com-
pression test at 90° orientation.

4. Conclusions

In this study, mechanical properties of woven and uni-
directional fiber reinforced epoxy composites were inves-
tigated. The results obtained from the experiments show
that elasticity module, shear and compression strengths
of composites with unidirectional carbon fiber reinforced
epoxy composite have the best performance, compared
to the glass fiber reinforced epoxy composite. Mechani-
cal properties of 0°-orientation carbon fiber reinforced
composite is higher than those of 90°-orientation car-
bon fiber reinforced composite. Tensile strength at 0°-
orientation of unidirectional glass fiber is 8.3 times hig-
her than that of 90° -orientation. This value in carbon
fiber reinforced epoxy composite is 22.3. Mechanical pro-
perties of aramid fiber reinforced epoxy composite are
stronger than those of glass and carbon fiber reinforced
epoxy composite among the woven types of fibers. Ten-

. - sion strength of woven aramid reinforced epoxy compo-
e - N MR v site is 1.5 times higher than that of woven glass reinforced
Fig. 5. Woven glass, carbon and aramid reinforced epoxy composite due to elasticity module of woven car-

composite after tests, (a) tensile test, (b) compression
test, (c) shear test.

bon reinforced epoxy composite, which is higher than in
the others.
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