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Abstract. In this work, the mechanical response of a composite material based on glass fibers embedded in a epoxy resin was
experimentally studied as a function of strain rate and temperature. It was shown that for the temperature range from 23 to 100 °C
the elastic properties of the composite are significcant affected and the strian rate influences only the ultimate strength. The
experimental research data and the approaches presented in this work should significantly extend our knowledge of the effect of
elevated temperatures on the mechanical behavior of high temperature polymer matrix composites.
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1. INTRODUCTION

Composite materials have been used to repair damaged gas and liquid transmission pipelines for more than a decade.
Mechanical damage involving dents with gouges is one of the leading causes of transmission pipeline failures in terms
of both static and cyclic pressure loading. Because of the severity of this defect type, pipeline companies are required to
respond to these anomalies by either removing damaged sections or repair using welded sleeves. Since in some fields
repair work cannot be performed using heat, composite materials gain a significant importance. Composite materials
have been used to repair corroded pipelines and their use has gained wide acceptance across the pipeline industry.
However, the mechanical responses of fiber-reinforced polymeric composites are sensitive to the rate at which they are
loading and temperature operation. In many technological applications, under dynamic loading conditions, the response
of a structure designed with static properties might be too conservative. The main reason is that mechanical properties
of composites vary significantly with changing the strain rate and temperature. Unlike metals, which have been studied
extensively over a wide range of strain rates and temperatures, only limited amount of information is available on the
effects of strain rate and temperature on the response of fibrous composites.

Manu researchers studied composite materials at different strain rate and others have studied their behavior at
different temperature but few combined both.

Rotem and Lifshitz (1971) investigated the tensile behavior of unidirectional glass fiber/epoxy composites over a
wide range of strain rates from 10-° to 30s™ and found that the dynamic strength is three times higher than the static
strength and the dynamic modulus is 50% higher than the static modulus. However, while investigating angle ply
glass/epoxy laminates, Lifshitz (1976) found that the elastic modulus and failure strain were independent on the strain
rate and the dynamic failure stress was only 20-30% higher than the static failure stress.

Tensile tests were performed on a glass epoxy laminate at different rates (1.7 10%-2000 mm/s) by Okoli and Smith
(1995, 2000) to determine the effects of strain rate on Poisson’s ratio (ratio of transverse strain to thecorresponding
axial strain below the proportional limit) of the material. Poisson’s ratio was found to be rate insensitive. It was
suggested that the rate insensitivity in Poisson’s ratio of the laminates tested is due to the presence of fibers in the
composites. The effect of strain rate on the tensile properties of a glass/epoxy composite was investigated by Okoli and
Smith (1999) strain rate was attributed to the increased strength of the glass fibers with strain rate. In other studies the
effects of strain rate on the tensile, shear, and flexural properties of glass/epoxy laminate was investigated by Okoli and
Smith (1995, 1999, 2000, 2001).

Tensile modulus increased by 1.82%, tensile strength increased by 9.3%, shear strength increased by 7.06%, and
shear modulus increased by 11.06% per decade increase in log of strain rate. The above observation was in agreement
with the results of the investigation conducted by Armenakas and Sciamarella (1973) that suggested a linear variation of
the tensile modulus of elasticity of unidirectional glass/epoxy composites with the log of strain rate.

A systematic study of the strain rate effects on the mechanical behavior of glass/epoxy angle ply laminates was
done by Staab and Gilat (1993, 1995) using a direction tension split Hopkinson bar apparatus for the high strain rate
tests and a servo hydraulic testing machine for the quasi-static tests. The tensile tests at higher strain rates (in the order
of 1000 s™) showed a marked increase in the maximum normal stress and strain when compared to the values obtained
in the quasi-static tests. Although both fibers and matrix are strain rate sensitive, the fibers were thought to influence
laminate rate sensitivity more than the matrix.

To achieve the high performance required in the material's projected applications, a good understanding of the
dynamic deformation of GFRP under different temperatures is essential.
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The aim of this paper is first to present experimental results illustrating the effect of strain rate and temperature on
the mechanical response for GFRP under a wide range of strain rates and temperatures and then compare to analytical
models.

2. EXPERIMENTAL WORK

The apparatus and procedure used to obtain the tensile properties in the GFRP laminates are described below.

The tensile tests were performed according to the method prescribed in ASTM D3039 [13]. The test specimens were
cut from hand lay-up sheets. The glass was a cross-ply plain weave e-glass [0/90] fabric with 326 g/cm2 weight. The
composite had a fiber weight fraction of 70% with 8 layers of glass. The epoxy resin system used was RR515 from
SILAEX® based on a diglycidyl ether bisphenol A and an aliphatic amine hardener, being processed with a maximum
mix ratio of 4:1(with low viscosity). The resin systems properties provided by the manufacturers are presented in Table 1

Table 1: Properties of the epoxy resin

Property Epoxy
Viscosity at 25°C p (cP) 12000-13000

Density p (g/cm’) 1.16

Heat Distortion Temperature HDT (°C) 50
Modulus of Elasticity E (GPa) 5.0
Flexural Strength (MPa) 60
Tensile Strength (MPa) 73
Maximum Elongation (%) 4

The specimens were cut 250 mm by 25 mm, leaving a gauge section of 200 mm. The tensile tests were performed
on a Shimadzu AG-X tensile testing machine at 3 different strain rates, 1.6 10'5, 1.6 10'4, 1.6 107 s™. Attached to the
testing machine a thermostatic chamber was used to set the temperature test environment, as shown in Figure 1. The test
temperature used were, 23°C, 40°C, 60°C, 80°C and 100°C. For each temperature the GFRP specimens were tested at all
strain rates.
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Figure 1 — Machine used in the tensile tests
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3. RESULTS AND DISCUSSION

3.1 Experimental Results

Experimental data determining the dynamic response of a composite structure loaded at different strain rates is
limited by the range of strain rates which can practically be applied for a particular test method. It is desirable to obtain
information about strain rates outside the range that can be achieved experimentally, in order to predict the behavior of

materials over very long loading times.
Figure 2 presents the stress vs. strain results of GFRP at different temperatures and at different strain rates.
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Figure 2 - Stress vs. strain curves for GFRP at different temperatures at 1.6 10, 1.6 10, 1.6 107 s™' strain rates

Analyzing the stress-strain curves presented in figure 2 it is clear that, as expected, temperature influences the
modulus of elasticity, E, and the ultimate strength, ou are affected by the strain rate. Increasing temperature, modulus of
elasticity decreases and lower strain rate contributes to lowering the ultimate strength. All GFRP specimens failed
abruptly at the top near the grip. However, GFRP specimens when tested at 100°C the epoxy matrix melted occurring in
delamination failure. This phenomenon result in an increment of stiffness, see figure 1.

Table 2 presents the ultimate strength in MPa of GFRP at different temperatures at 1.6 107, 1.6 10*, 1.6 107 s

strain rates.

Table 2: Ultimate Strength (MPa) at different temperatures at 1.6 107, 1.6 10, 1.6 107 ™' strain rates

Strain rate (s™) Test Temperature (°C
23 40 60 80 100
0.0000167 22746 +£12.46 | 214.92+12.73 113.44 +11.87 72.61 +7.06 48.67 +4.84
0.000167 269.23 £1598 | 240.44+14.32 141.85+4.96 86.21 +£11.23 71.54 + 8.09
0.00167 284.95+5.1 273.24 £5.83 153.61 +3.36 101.61 £10.39 | 102.64 £6.57

From table 2 it can be seen that at higher loading rate leads to high ultimate strength. At 23°C, laboratory
temperature, a decrease of 15.5% is observed when loading rate decreases 10 times compared to standard cross-head
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speed. Also an increase of 5.8% is computed for 10 times higher loading rate. This behavior follows all tested
temperatures, i.e., increasing loading rate, higher ultimate strength and the opposite occurs for loading rate decrement.
Figure 3 presents the ultimate tensile strength vs. test temperature for all strain rates.
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Figure 3 — Tensile strength vs. test temperature for all strain rates

Analyzing figure 3, it can be seen that increasing temperature the ultimate tensile strength decrease drastically,
especially at temperatures close to HDT, 50°C. The tensile strength behaves similar for all strain rates tested, lowering
as temperature increases.

4. CONCLUSIONS

This research presents uniaxial tensile tests of glass fiber epoxy polymer matrix composite with various strain rates
and temperatures ranging from 23 to 100°C.

Tests performed at 100°C, showed a delamination between composite layers, causing a less brittle behavior and
indicating that the specific heat of the material was exceeded.

The ultimate tensile stress depends only on strain rate and the modulus of elasticity is determined by temperature
distinct.

Experimental tests have showed satisfactory results and are highly relevant to study the effect of elevated
temperatures on the mechanical behavior of polymer matrix composites. It is also proved to be interesting to perform
further studies to formulate a mathematical model that can accurately express the results obtained in the experiment and
still be able to compare through a finite element analysis FEA.
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