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Abstract: In this work the effect of temperature on the different properties of glass reinforced plastic named GRP
is studied. Thermal treatment of the GRP at five temperature levels (25, 50, 100,150 and 200°C) as well as three
times of exposure (60, 120 and 180 minutes) is adopted. The mechanical properties such as tensile strength,
compressive strength and hardness at different temperatures are studied. The thermo gravimetric analysis
(TGA) was recorded. The effects of temperature on weight loss and dimensions stability over the three-hour
period were also recorded and discussed. The results show that temperature has considerable effect on different
properties of GRP. The results of the investigations show that the tensile strength, compressive strength and
hardness for GPR composite decrease proportionally to temperature increase. This reduction may be caused
by the effect of temperature on the polyester resin.
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INTRODCTION The aim of the present study is to obtain basic

The glass reinforced plastic (GRP) composite is a the behavior of glass reinforced plastic. The effect of the
system that is created by the synthetic combination of proposed temperatures may be obtained by investigating
two or more materials: namely, a selected reinforcing the changes in mechanical properties (tensile strength,
element and a compatible polymeric resin. The present compressive strength and hardness), loss weight and
worldwide development programs in plastic composites dimensions stability after specimens exposure for 60, 120
are leading to materials with extremely high structural and 180 minutes in the above mentioned temperatures of
strength and modulus to weight ratios [1-2]. One of the 25, 50, 100,150 and 200°C.
problems concerning the engineering uses of fiber-
reinforced composites temperature is the determination of MATERIALS AND METHODS
their resistance of chemicals [3-5]. This problem is of
much greater importance for fiber composites than for The tested composite materials consist of E-glass
metals [6]. Previous mechanical behavior of composites fiber laid in a thermo set polyester resin (SIROPOL 7440).
subjected to environmental and moisture content has The basic constituents are polyester resin 29%, chopped
been examined [7-9]. Confidence in the long-term glass V  = 27%, continuous filament glass V  = 16% and
reliability of composite materials must be fully developed sand 28%. The specimens were stored at room
to use their advantage that are high specific strength and temperature (23°C) and ambient humidity (50%) according
stiffness, light weight, low cost and good fatigue damage to ASTM D 618 [10].
tolerance. Composite materials have many characteristics
that are different from some conventional engineering Tension Test: The tensile specimens were prepared
materials, such as metallic materials and polymeric according to ASTM-D 5083standard specifications [11].
materials. To gain the confidence, we have to understand The plain coupon tensile specimens have a rectangular
the mechanical properties of  composite  laminates  [9]. across  section  25mm  width, 215mm length and thickness

understanding of the effect of various temperatures on
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of 16.1mm. Tension test was carried out on a 100 KN
computerized  Instron    Universal    Testing   Machine.
The testing speed was 5mm/min.

Compression Test: Compressive test was carried out
using 100 KN computerized Instron Universal Testing
Machine at a load rate  of  approximately  0.2  N/mm /S.2

The  compressive    specimens    were    prepared
according to the standard specification ASTM D 695 [12].
The compression test specimen has a height equal to
width and a width 100mm. The compression test specimen
has height/thickness equal to 3.179 and a width equal to
the specimen height.

Hardness Test: The hardness test of plastics is most
often  measured   by   the    Rockwell    hardness   test.
This method measured the resistance of the plastic toward
indentation, thereby providing an empirical hardness
value. The hardness value is determined by the
penetration of the Durometer indenter foot into the
specimen. The principle method used to measure
hardness  is  based  on  measuring  the  resistance  force
of  the  penetration  of  a pin into the test material [13].
The amount of penetration is converted to hardness
reading on a scale with 100 units. The readings were taken
at least thrice at the three different spots at a distance of
5 mm from each other and 3 mm from any edge of the test
specimen. The indentation reading my change over time
due to the resilience of rubbers and plastics. So the
indentation time is sometimes reported along with the
hardness number. The results obtained from this test are
a useful measure of relative resistance to indentation.
However, the hardness test does not serve well as a
predictor of other properties such as strength or
resistance to scratches, abrasion, or wear and should not
be used alone for product design specifications.

Thermo Gravimetric Analysis (TGA): Thermo gravimetric
analysis (TGA) is used to measure sample mass losses
and decomposition temperatures under heating or
isothermal conditions [14]. To control and/or reduce the
expansion rates of PCB’s or encapsulates, inert materials,
such as fiber glass is added to the polyester resins. It is
essential to know the level of polyester and filler in
prepare or compound as this compositional information
will have a major effect on the end-use characteristics of
the material. All tests are carried out in the laboratory
controlled environmental conditions, namely 50±5% R.H.
and 23±2°C [10]. The test specimens for mechanical as
well as  physical   properties  and  hardness  are  thermally

Table 1: Experimental program of temperature effect on mechanical
properties of glass/polyester composite.

Material Condition Test Results (Scope)
GRP Temperature * Compression *Compressive Strength

* 25°C * Hardness * Hardness
* 50°C * Loss of weight * (TGA)
* 100°C * Dimensions stability --
* 150°C * (TGA) --
* 200°C -- --
Time -- --
60 min -- --
120 min -- --
180 min -- --

treated at a temperature of 25, 50, 100,150 and 200°C for 60,
120 and 180 minutes in a dryer furnace. The following
Table 1 gives the specimens used in mechanical and
physical experiments.

RESULTS AND DISCUSSION

Effect of Temperature on Change of Weight and
Dimensions Stability of GRP: No change in dimensions
stability or loss of weight for GRP of the various
temperatures 25, 50,100,150 and 200°C after different
period of exposure 60, 120 and 180 minutes.

Effect of Temperatures on Mechanical Properties of
GRP: Figures 1-3 recorded the effect of the various
temperatures 25, 50,100,150 and 200°C after different
period of exposure 60, 120 and 180 minutes on the ultimate
tensile strength, compressive  strength  and  hardness.
For the three investigated mechanical properties the trend
is similar. The ultimate tensile strength, compressive
strength and hardness of all tested for GRP composite
increased up to 100°C. Exposition of the specimens to a
temperature 100°C, the tensile strength increased by
about 21, 19 and 16% compared to the tensile strength for
temperature 60, 120 and180 minutes respectively. It can
also be seen from figure 1 at all temperatures, the results
of the 60 minutes exposed specimens were higher than
those of the 120 minutes exposed specimens and the last
one in turn were higher than those of the 180 minutes
exposed specimens. Fig. 1 shows an increase in the tensile
strength on increasing exposure time of 60 minutes and
then there is a decrease for 120 minutes exposure time.
This performance can be attributed to the internal phase
change which happened during thermal treatment.

The effect of temperature on compressive strength
values of GRP composites after exposure times ranging
from 60 up to 180 minutes has been investigated and the
results  are  shown  in Fig 2. Exposition of the specimen to
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Fig. 1: The effect of temperatures on tensile strength and180 minutes respectively. It can also be seen from
values of GRP Composites after different exposure figure 3 the hardness decrease up further temperature
times increase from 100 °C to 200°C.

Fig. 2: The effect of temperatures on compressive PCB’s as well as encapsulates. The following results
strength values of GRP composites after different show the TGA mass loss at 120°C for a polyester resin
exposure times under isothermal conditions. The TGA results show that

Fig. 3: The effect of temperatures on hardness values of physical, degradation and mechanical properties of
GRP composites after different exposure times. materials. The results are highly useful for research and

Fig. 4: Thermo gravimetric analysis (TGA) for GRP. for GRP at all temperatures and periods of exposure.

a temperature 100°C, the compressive strength increased upon the temperature and the period of exposure.
by about 30, 21 and 15% compared to the compressive The ultimate tensile strength, compressive strength
strength at room temperature for 60, 120 and180 minutes, and hardness of all tested GRP composite decrease
respectively. Fig. 2 shows an  increase  in  the over a temperature of 100°C.

compressive strength on increasing exposure temperature
up to100°C, followed by a decrease upon further
temperature increase.

Fig. 3 shows the hardness of GRP specimens when
subjected to different temperatures (25, 50,100,150 and
200°C) for different exposure times (60, 120 and 180
minutes). Exposition of the specimens to a temperature
100 °C, the hardness increased by about 22, 24 and 25%
compared to the hardness at room temperature for 60, 120

Fig. 4 shows the following TGA results are those
obtained on a polyester–fiber glass prepare material used.
The sample was analyzed in nitrogen up to 700°C and
then in oxygen to burn off any carbon char to leave
behind the inert residue.The high sensitivity PerkinElmer
TGA instrument can be used to assess the very small
weight losses associated with the polyester prepress used
to generate PCB’s. It is desired to have a low volatiles
loss during cure to reduce the occurrence of voiding in

the polyester material loses  only  0.367%  of  its  mass.
The low generation of volatiles indicates that the resin will
have a low propensity for voiding  during  processing.
The outstanding performance of the PerkinElmer TGA
permits the high sensitivity measurements to be
performed. PerkinElmer offers a complete line of state-of-
the-art thermal analysis instruments (TGA) for the
analysis and characterization of the critical thermal,

development as well as quality assurance applications.

CONCLUSIONS

The experimental work has been devoted to
investigate the mechanical behavior of GRP after exposure
in different temperatures  for  various  periods  of  time.
The resulting conclusions are as follows:

No change in dimensions stability or loss of weight

The change in the mechanical behavior depends
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Test results revealed good mechanical properties 6. Voluntary Product Standard, Custom
(tensile strength, compressive strength and Contact–Molded Reinforced–Polyester Chemical
hardness) stability up to a temperature of 100°C Resistant Process Equipment, 15-69 1970, Japan.
followed by a rapid loss of strength with further 7. Allred, R.E., 1981. The Effect of Temperature and
increase in temperature. Moisture Content on the Flexural Response of
Thermal analyses comprise a series of techniques Kevlar/Epoxy  Laminates:  Part  II  [±45,  0/90]
(TGA) for the complete characterization of materials. Filament Orientation. Journal of Composite Materials,
Valuable information can be obtained on such 15: 117- 132.
properties as: softening or Tg, completeness of cure, 8. Hale, J.M., A.G. Gibson and S.D. Speake, 1998
degree of cure, rate of cure, compositional analysis, Tensile Strength Testing of Pipes at Elevated
degradation temperatures for stability assessment, Temperatures in Aggressive Offshore Environments.
expansivities, coefficients of thermal expansion, Journal of Composite Materials, 32: 969-986.
modulus (stiffness) and damping properties. 9. Shen, C.H.I. and G.S. Springer, 1977. Effect of
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