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Fiber-reinforced polymeric composites exhibit excellent mechanical properties over conventional engi-
neering materials especially due to their great weight saving. Therefore, by considering the specific attri-
butes of these materials, having a proper knowledge of dynamic behavior as well as static behavior of
them is necessary. In order to study the effects of strain rate on the behavior of the materials, special test-
ing machines are needed. Most of the researches in this field are focused on applying real loading and
gripping boundary conditions on the testing specimens. This paper discusses the experimental study
on the in-plane shear behavior of unidirectional glass fiber-reinforced polymeric composite under
quasi-static and intermediate strain rate loading conditions. The symmetric and balanced +45° composite
laminates are manufactured for characterization of the in-plane shear properties (modulus and strength)
at various strain rates. Specimens are tested under uni-axial tensile loading using a servo-hydraulic test-
ing apparatus. For performing the practical tests, jig and fixture are designed and manufactured. The per-
formance of the test jig is evaluated and found to be adequate for composites testing. Dynamic tests
results are compared with static tests carried out on specimens with identical geometry. The experimen-
tal results show that the mechanical shear properties are quite sensitive to strain rate. Under dynamic
loading, the failure shear strength increased with increasing the strain rate but the shear modulus
decreased. Based on the results obtained from the experiments, empirical functions for expressing the

mechanical shear properties are proposed in terms of shear strain rate.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Fiber-reinforced polymeric composites due to their specific
attributes such as high stiffness and strength-to-weight ratios, fa-
tigue and corrosion resistance, high damping capability and lower
manufacturing costs, are attractive when compared with conven-
tional metals. In many practical situations, structures are under dy-
namic loading conditions. The mechanical responses of greater
materials vary significantly under such loading as compared to sta-
tic loading. In the absence of the proper understanding of strain
rates effects on the composite materials behavior, the response of
a structure designed with static properties might lead to a very
conservative overweight design or designs that fail prematurely
and unexpectedly. The use of dynamic mechanical properties of fi-
brous composites would ensure the design of composite structures
that are weight efficient and structurally sound when they are un-
der dynamic loads.

Unidirectional composite materials generally exhibit lower in-
plane shear strength than longitudinal tensile and compressive
strengths. This behavior is attributed to the fact that in-plane shear
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deformation and failure are controlled by the matrix of the com-
posite. For polymeric composites, this indicates that the shear
modulus and strength may be sensitive to loading rate. Shear prop-
erties of a variety of fibrous composites under static loading are
well studied, while their shear behavior under dynamic loading
is not yet clearly understood. The static shear behavior of compos-
ite materials has been extensively investigated and developed
experimentally using different test methods [1-4].

The above argument indicates the need for dynamic character-
ization of fiber-reinforced polymer composite materials to under-
stand the strain rate effects on their mechanical properties.
Strain rate effects on the tensile and compressive behavior of fi-
ber-reinforced polymeric composite materials has studied experi-
mentally by many researches while a few investigation have
developed and experimentally validated for characterize of shear
behavior of composites under dynamic load conditions. Daniel
et al. [5] attempted to characterize the effect of strain rate up to
500 s~! on in-plane shear properties of carbon/epoxy composites
using the 10° off-axis rings under internal pressure. The results ob-
tained from tension of rings indicated that the in-plane dynamic
shear modulus and shear strength increased approximately 30%
over static values. However, the dynamic ultimate shear strain
was lower than the static one. The results of the researches by
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Harding and Welsh [6] on the —45° glass/epoxy composite speci-
mens using a modified version of the tension split Hopkinson’s
pressure bar apparatus and Staab and Gilat’s researches [7] on
the +45° glass/epoxy composite specimens using a direction ten-
sion split Hopkinson bar apparatus showed a sensible increase of
laminate strength with strain rate of the order of 1000 s~ . The in-
crease in laminate strength reflects to a large increase in the shear
strength. Chiem and Liu [8] investigated the dynamic behavior of
woven carbon/epoxy composite under shear impact loading in
the orthogonal direction using a torsional split Hopkinson bar at
various shear strain rate, ranging from 1000 to 5500 s~ . The re-
sults obtained from torsion tests on the carbon/epoxy composite
specimens showed an increase in shear strength with increasing
strain rate.

Daniel et al. [9] investigated the dynamic response of unidirec-
tional carbon/epoxy composites at high strain rates using an inter-
nal pressure pulse produced explosively through a liquid medium.
In the test method used for dynamic testing of thin laminates in
tension, a carbon/epoxy laminate was characterized under in-
plane shear loading at strain rates up to 500 s~! and found that
the in-plane shear properties (modulus and strength) of composite
increased by up to 30% over the static value. Al-Salehi et al. [10] ex-
tracted the lamina in-plane shear properties at various rates of
strain from the results of burst tests on glass/epoxy and Kevlar/
epoxy filament wound tubes with winding angles +55° and 165°,
for both, under internal hoop loading. The results obtained from
+55° specimens showed that with increasing shear strain rate from
0 to 400s~ !, the shear strength increased by 70% and 115% for
glass/epoxy and Kevlar/epoxy materials, respectively. The results
extracted from +65° specimens were lower than the last ones.
Hsiao et al. [11] investigated the in-plane shear behavior of 45°
off-axis unidirectional carbon/epoxy specimens at strain rate up
to 1200 s~ ! using a split Hopkinson pressure bar and found that
the dynamic shear strength increased sharply with strain rate from
the quasi-static value by up to 80%. The initial modulus also fol-
lowed a similar trend with an increase up to 18%.

Tsai and Sun [12,13] investigated the strain rate effect (up to
7005~ !) on the in-plane shear strength of unidirectional off-axis
S2/8552 glass/epoxy laminate composites using split Hopkinson
pressure bar. The specimens were tested at orientations of 15°,
30°, 45°, and 60°. They modeled stress—strain curves based on a
viscoplasticity model established at the lower strain rate data
and then extended this model to high strain rates up to 700 s™!
[12]. The shear strain rate was also obtained from the axial strain
rate by relating the effective plastic strain rate to the plastic shear
strain rate with the aid of a viscoplasticity model [13]. The exper-
imental results showed that, in all cases, the shear strength of the
composite was quite sensitive to strain rate and the shear strength
increased as strain rate increases.

Tensile tests were performed at 5, 50 and 500 mm/min cross-
head displacement rates by Papadakis et al. [14] to determine
the effects of strain rate on the in-plane shear properties of +45°
glass/polypropylene composite specimens. The specimens were
loaded uniaxially in tension using a universal testing machine.
The experimental results indicated that the shear modulus had a
decrease with increasing strain rate while the shear stress at fail-
ure increased with strain rate. The shear strain to failure was also
strain rate independent. Raju et al. [15] investigated experimen-
tally the in-plane shear responses of carbon fabric/epoxy and fiber
glass/epoxy composites using a servo-hydraulic testing machine at
nominal stroke rates ranging between 2.5 x 107> and 12.7 m/s. The
V-notch rail shear configuration was used for characterizing the in-
plane shear properties of material systems. A maximum estimated
shear strain rate of 500 s~ was achieved up to shear strain levels
of 0.08 radians, during the tests. The stress-strain behavior of both
material systems exhibited contrasting behavior with increasing

stroke rates. The experimental results showed that at the highest
test rate, the shear strengths increased by a factor of three relative
to that of the quasi-static rate, and were independent of the rein-
forcement type.

The aim of the present research is to investigate the in-plane
shear properties of unidirectional glass/epoxy composite materials
at various strain rates. The servo-hydraulic testing apparatus is
used to develop the quasi-static stroke rate of approximately
0.0216 mmy/s and the intermediate stroke rates range from 12.7
to 1270 mm/s. The symmetric and balanced +45° composite spec-
imens with identical geometry are used for determining the in-
plane shear characteristics (modulus and strength) in all the tests.
The results of the dynamic tests are subsequently compared to
quasi-static tests. Under dynamic loading, the failure shear stress
increased with increasing strain rate while shear modulus and
strain to failure decreased.

2. Materials, equipments and experimental procedure
2.1. Materials and preparation of test specimens

Full characterization of the shear properties of a composite lam-
ina or laminate requires the measurement of shear modulus and
shear strength in the 1-2, 1-3 and 2-3 planes which coordinate
system conform to lamina coordinate system. Because in-plane
and through-thickness shear properties are not necessarily equal,
test methods have been developed to induce both in-plane and
through-thickness shear loading. In this study, we are only con-
cerned for determining the in-plane shear characteristics (modulus
and strength) at various strain rates.

The composite material used in this study is a unidirectional E-
glass fiber/ML-506 epoxy resin system. Thin laminates with a con-
figuration of [+45°]55 with twelve plies are fabricated, giving the
laminate an approximately 2.3 mm thickness. The composite lam-
inates are manufactured by hand lay-up and cured under recom-
mended process. Then, the +45° tensile specimens with 82.7 mm
length and 20 mm width are cut from the panels using a low speed
diamond saw. Specimens are polished using sanding rotor
equipped with a fine sand paper (grit #800). All of the specimens
have constant cross sections with tabs bonded to the ends. End
tabs are manufactured of glass fiber reinforced epoxy, with the fi-
ber axis of the fabric set at +45° to the specimen axis. The prepara-
tion and manufacturing stages of the tabs is like the production of
the specimens. The end tabs are adhesively bonded to the speci-
men with 1.85 mm thick, 35 mm length and tab angle of 90°. The
selection of the tab sequence and its angle is based on the recom-
mendation available in [16] for determining the in-plane shear
characteristics (modulus and strength) of the +45° tensile speci-
men. These tabs allow a smooth load transfer from the grip to
the specimen. Tabs can reduce stress concentration and thus the
shock wave stress effects. The gauge lengths of the specimens are
12.7 mm. The fiber volume fraction of the composite layers is
50%. The tensile load is applied causes the in-plane shear stress
in the specimen. The specimen configuration and dimensions are
shown in Fig. 1.
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Fig. 1. Geometry and dimensions of symmetric and balanced *+45° composite
specimens under tensile loading.
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