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Abstract: Glass fiber reinforced polymer(GFRP) composites 
are currently used in large numbers of diverse applications 
ranging from tip and engine strut fairings in aircrafts, building 
panels and dash boards in automotive vehicles, boat hulls in 
ocean vehicle structures, golf clubs and race helmets in sports 
equipment, etc. The service life of composite materials are 
influenced by the different adverse environment which leads to 
various failures like corrosion, fatigue, fracture, etc., results in 
loss of structural integrity due to environmental conditions. The 
investigations involved are to study the mechanical behaviour of 
these materials when subjected to various adverse conditions of 
the environment at different intervals of exposure due to change 
in moisture and temperature. Experiments were conducted on 
GFRP composites with and without exposing to different 
environment conditions of sea water.  Tensile and flexural tests 
are conducted to predict the mechanical behaviour of both 
normal specimens and specimens exposed with sea water. 
Reduction in mechanical properties found due to maximum 
absorption of any liquid by the material. When temperature 
increases better in mechanical properties are noticed and at low 
temperature the composite behaves like a brittle. 
 

Index terms: GFRP, Environmental Exposure, Sea water 

I. INTRODUCTION 

In this project, the effect of sea water on the mechanical 
properties of GFRP composites are to be studied and 
compared with the mechanical behaviour of the normal 
specimen by conducting tensile and flexural tests. From the 
tensile tests, the mechanical properties such as Young’s 

modulus, Poisson ratio, Rigidity modulus and tensile 
strength along the principle coordinate axes of the glass 
fibre reinforced polymer composite for immersion time 
periods in sea water are studied.  From the flexural test, the 
mechanical properties such as flexural strength and flexural 
modulus are to be studied. JOANNIE W. 
CHIN[1],Identifies for matrix resin degradation factors that 
contribute under mechanical and environmental stresses. 
Vinyl ester isophthalic polyesters are used for construction. 
This polymer is exposed to moisture, alkaline,  
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UV radiation and saline environments and properties were 
evaluated.MOE MOE THWE [2], Used short bamboo fiber 
and short bamboo GFRP composites are used. Samples were 
exposed immersed in water for 1200 hour at 250C and 
tensile properties are tested. SHAN LI[3] used wet lay-up 
fiber reinforced polymers to investigate effects of 
environment and sustained load on the mechanical 
properties. Specimens were exposed to hygrothermal aging 
and freeze thaw cycles.A. AGARWAL [4] GFRP 
specimens are exposed to different environmental conditions 
such as acid, base, Kerosene oil, freezing conditions ganga 
water and brine for different times. Tensile test were 
conducted on GFRP under above mentioned conditions. 
ARASH AFSHAR [5], Surface coating of thin metallic 
films on fiber-reinforced polymer composites are prepared. 
For investigation metallic coatings like aluminium, copper 
and metallic thin films were coated on the surface. The 
mechanical properties are monitored under accelerated 
environmental conditions. 

II. SPECIMEN PREPARATION  

Glass fibre epoxy composite is prepared using unidirectional 
glass fibre along with epoxy resin (LY 556) and hardener 
(HY 951). Unidirectional glass fibre of 1250gsm is used to 
prepare laminates using hand lay – up method and then 
compressed in compression moulding machine. In order to 
find out the mechanical properties of the glass fibre, 
different orientation are chosen which is explained briefly 
below.In order to find out the mechanical properties of the 
glass fibre along the principle axes, the glass fibres oriented 
in 0° and 90° are chosen.  The stacking order (G0°, G90°)s is 
also chosen as it is widely used in various applications and 
also the composite laminates of this orientation is 
symmetrical as well as balanced. So the following are the 
stacking orders chosen for experimentation. 

 0° unidirectional   – (G0°/G0°/G0°) 
 90° unidirectional   – (G90°/G90°/G90°)  

III. METHOD OF PREPARATION 

The composite laminates are prepared using Hand lay – up 
method and then cured in the atmospheric condition for 4 
hours. Then the cured laminate is compressed in the 
Compression moulding machine. Then the composite 
laminates are cut as per required dimensions for immersing 
in different environmental conditions and then tested. 

IV. COMPRESSION MOULDING 

The laminate prepared using hand lay – up method is cured 
in atmospheric condition for 4 hours and then placed in the 
bottom plate of the Compression moulding machine which 
is shown in the Figure 1Before placing the laminate in the 
bottom plate,  
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wax is applied to bottom plate. The compression moulding 
machine consists of base plate (bottom plate) and a movable 
plate (top plate). Both the plates are heated to 70° C.  
 

 
(a) 

 
(b) 

Figure 1.a)Compression Moulding Machine b) Prepared 
Glass Fibre Epoxy Composite Laminate 

 

The top plate of the Compression moulding machine is 
brought down using the Hydraulic cylinder and a pressure of 
70Kg/cm2 is applied to the laminate placed between the 
plates. The laminate is allowed to stay in the compression 
moulding machine for 10mins, after which the top plate is 
moved to its initial position and the compressed laminate is 
taken out. As soon as the laminate is taken out, the Teflon 
sheets that were placed in the hand lay – up method in both 
sides of the laminates are removed. Now the compressed 
glass fibre laminate with ply orientation (G0°, G90°)s is 
obtained, which is shown in Figure 2Similarly the 0° 
unidirectional and 90° directional laminates are prepared 
using the same method as described above. 

Following are the dimensions for tensile test as given in 
ASTM D3039 standard for various orientations of the fibres. 

 0°orientation – 250mm × 15mm × 1mm 
 90° orientation– 175mm × 25mm × 3.2mm 

Similarly according to the ASTM standard D790, the 
dimensions for the flexural test for various orientation 
selected is given below. 

 0°orientation – 100mm × 13mm × 3.2mm 

 90° orientation– 100mm × 13mm × 3.2mm 

The overall length of the specimen is 60mm greater than the 
span length of the specimen given above. The glass fibre 

epoxy composite laminates prepared using hand lay – up 
method and then compressed using the compression 
moulding machine are then cut as per the above dimensions 
for tensile test and flexural test, using the hand saw cutter is 
shown in Figure 2 

 

 
(a) 

   (b) 
Figure 2.a) Specimens cut as per ASTM Standard for 
various orientations, b) Specimen with Strain Gauge 

fixed for Tensile testing 

V. SIMULATION OF DIFFERENT 

ENVIRONMENTAL CONDITIONS 

The mechanical behaviour of glass fibre epoxy composites 
in environmental condition such as sea water need to be 
found out. For this purpose, the sea water is collected in a 
large container and specimens cut as per ASTM standards 
are immersed in the container containing the sea water. The 
specimens are taken out from the container after specific 
interval of time periods, then the specimen is allowed to dry 
for the time of 15 minutes and then the tensile and flexural 
tests are conducted. 

A. Glass Fibre Epoxy Composite with 0° Orientation 

Glass fibre epoxy composite with 0° and 900orientations 
under ambient conditions are tested in Universal Testing 
Machine with the strain meter connected to the strain gauges 
attached in the specimen. While conducting the tensile tests, 
the strains in axial and lateral directions are noted down for 
increasing load steps, which are then used to find out the 
tensile strength, Young’s modulus along axial and lateral 

fibre direction, Poisson ratio along axial and lateral direction 
and Rigidity modulus. The axial strain and lateral strain 
obtained from the tensile test of glass fibre epoxy composite 
with 0° orientation is given below in Table. 1. 
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Table 1: Strain value recorded during tensile test of 
Glass fibre epoxy composite with 0° and 900orientation 

under ambient condition 
 

S. 
No 

Load 
(kN) 

Axial 
Strain 

Lateral Strain 

1 0 0 0 

2 0.5 873 115 

3 1 997 129 

4 1.5 1119 146 

5 2 1296 199 

6 2.5 1364 254 

7 3 1550 301 

8 3.5 1762 359 

9 4 1813 414 

10 4.5 1981 472 
 

S. No Load (kN) 
Axial 
Strain  

Lateral 
Strain  

1 0.5 48 4 

2 1 64 12 

3 1.5 81 18 

4 2 93 22 

5 2.5 108 29 

6 3 123 33 

7 3.5 130 38 

8 4 168 42 

 
Calculations 
Lateral Stress σ lateral= Load / Lateral Area       = 7.14MPa 
 
Lateral Young’s Modulus, E2  = σlateral /ε2   = 170MPa  
Lateral Poisson’s ratio, γ21   = E2γ12/ E1      = 0.25 

Rigidity modulus, G12          =   
     

            
      = 65.43MPa 

 
Similarly, the mechanical properties of the glass fibre epoxy 
composites with 90° orientation are calculated by the above 
method. 
 

 

 

(a)  

 
(b) 

FIGURE: 3(a) (b) The stress vs strain curve obtained for 
the glass fibre epoxy composite with 00 and 90° 

orientation under ambient condition during the tensile 
test 

VI. TENSILE TEST RESULTS 

The tensile tests of the glass fibre epoxy composites 
immersed in sea water for various orientations of the fibres 
are given below. 
Glass Fibre Epoxy Composite with 0° and 90° Orientation 
in Sea Water 
From the tensile tests, Young’s modulus along the axial 
direction E1 for glass fibres oriented at 0°, Poisson ratio and 
tensile strength of the specimens at various time period of 
immersion are found as explained earlier and the results are 
tabulated in Table 2 

TABLE 2: Tensile test results of glass fibres with 0° 
orientation immersed in Sea water 

No. of 
days 

immerse
d in sea 
water 

Axial 
stress 
(MPa) 

Axial 
strain 
(x10-3) 

Lateral 
strain 
(x10-3) 

Axial 
Young's 
Modulus 
E1 (MPa) 

Axial 
Poisson 
Ratio  

1 270.6 1847 392 146.5 0.23 

5 248.6 1780 378 139.6 0.23 

10 222.9 1738 362 128.2 0.23 

15 218 1730 357 126.4 0.23 

From the tensile tests, Young’s modulus along the lateral 
direction E2 for glass fibres oriented at 90°, Poisson ratio, 
rigidity modulus and tensile strength of the specimens at 
various time period of immersion are found and tabulated in 
Table 3.  

TABLE3: Tensile test results of glass fibres with 90° 
orientation immersed in Sea water. 

No. of 
days 
imme
rsed 

in sea 
water 

Later
al 

stress 
(MPa

) 

Axi
al 

stra
in(x
10-3) 

Latera
l strain 
(x10-3) 

Lateral 
Young's 
Modulu

s E2 
(MPa) 

Late
ral 

Poiss
on 

Rati
o 

Rigidit
y 

Modul
us G12 

(MPa) 

1 5.52 152 38 145.2 0.25 59.28 
5 4.2 138 34 123.52 0.25 53.37 

10 3.97 131 33 120.3 0.25 50.48 
15 3.85 124 32 120 0.25 50.12 
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The tensile tests are conducted on the glass fibre epoxy 
composites with 0° and 90° orientation immersed in sea 
water for various time periods. The stress strain curve 
obtained during testing of the glass fibre epoxy composite 
for various immersion periods in sea water is given in 
Figure 4. 

 

 
FIGURE 4: Stress Strain curve obtained during tensile 

test of glass fibre epoxy composite with 0° and 900 

orientations for various immersion periods in sea water 

TABLE 4: Percentage reduction of mechanical 
properties due to Sea water absorption 

No. of 
days 

immerse
d in sea 
water 

Tensile 
strengt

h 0° 

Tensile 
strengt
h 90° 

Axial 
Young'

s 
Modul
us E1 

(MPa) 

Lateral 
Young'

s 
Modul
us E2 

(MPa) 

Rigidit
y 

Modul
us G12 

(MPa) 

1 22 10.39 3.9 14.5 9.3 

5 41 17.66 8.42 27.34 18.43 

10 44 26.18 15.96 29.23 22.84 

15 46 27.58 17.08 29.41 29.41 

VII. FLEXURAL TEST RESULTS 

The flexural tests of the glass fibre epoxy composites 
immersed in sea water for various orientations of the fibres 
are given below. 
Glass Fibre Epoxy Composite in Sea Water 

The flexural tests are conducted on the glass fibre epoxy 
composites with immersed in sea water for various time 
periods. The stress strain curve obtained during testing of 
the glass fibre epoxy composite for various immersion 
periods in sea water is given in Figure 4.27. 
 

 

FIGURE 5: Stress- Strain curve obtained during flexural 
test of glass fibre epoxy composite for various immersion 

periods in sea water 
 

From the flexural tests, Young’s modulus and flexural 

strength of the specimens at various time period of 
immersion are found as explained earlier and the results are 
tabulated in Table 5 

TABLE 5: Flexural test results of glass fibres immersed 
in Sea water 

No. of 
days 

immersed 
in sea 
water 

Flexural 
Strength 
(MPa) 

% 
Reduction 

in 
Flexural 
Strength 

Flexural 
Modulus 

(MPa) 

% 
Reduction 

in 
Flexural 
Modulus 

1 410 7 140 4.7 
5 345 22 123 16 
10 254 42 95 35 
15 170 61 66 55 
20 117 73 48 67 

VIII. CONCLUSION 

In this study, the tensile and flexural tests were conducted 
on GFRP composites after immersing in the sea water and 
treating them at different temperature for a certain time 
period and the effect of mechanical properties along the 
principle co-ordinate axes with respect to the above were 
studied and the conclusions are summarized below. Young’s 

modulus along axial and lateral direction (E1 & E2) of the 
specimen when immersed in sea water for a time period of 
15 days shows 17.08% and 29.23% reduction respectively in 
comparison with that of the normal specimen. Rigidity 
modulus along principle co-ordinate axes of GFRP is 
reduced by 24% when immersed in sea water for a time 
period of 15 days in comparison with that of the normal 
specimen. 
Tensile strength was reduced by 46% and flexural strength 
was reduced by 73%   when compared to the normal 
specimen. 
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