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Abstract
With the advancement in technology, there is a need for 
development of new and advanced materials with growing demand 
from the automobile, manufacturing and research industry. Glass 
Fibre Reinforced Polymer (GFRP) finds its applications in such 
industries where there is a requirement of advanced materials 
having very high strength to mass ratio. It also possesses good 
wear and tear properties and high thermal resistance which makes 
it suitable for fabrication processes as well as for working at high 
temperatures. This research paper evaluates the dynamic behaviour 
of GFRP under different cycle time of fatigue loading. Initially 
prepared GFRP specimens were tested under tensile loading 
and average ultimate tensile load was calculated. Then 20% of 
calculated average tensile load was kept constant and specimens 
were tested for different fractions of the theoretically calculated 
maximum cycle time (16 minutes). After fatigue loading, each 
specimen was tested hrgrothermally i.e. put into water baths of 
varying temperature and time period to see any change in their 
microscopic as well as macroscopic properties.
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I. Introduction
Glass Fibre-Reinforced Polymers (GFRP) are best suited for 
any design program that demands weight savings, precision 
engineering, finite tolerances and the simplification of parts in 
both production and operation [1-2]. A moulded polymer artefact 
is cheaper, faster, and easier to manufacture than cast aluminium or 
steel artefact and maintains similar and sometimes better tolerances 
and material strengths [3-8,10]. Glass Fibre Reinforced Polymer 
(GFRP) is used in designs that require high strength or modulus of 
elasticity and where non-reinforced plastics and other material are 
either ill suited mechanically or costly. From the previous studies 
done so far on GFRP following gaps were highlighted:
Lack of availability of data on dynamic behaviour of GFRP 
materials [9,11-14,17], and
Different mechanical parameters like fatigue [15-16], bending, 
creep etc. need to be studied by laboratory scale experimentation 
for knowing the exact performance parameters in real time 
situations.
The present research investigation took into account these research 
gaps and examined the changes in different macroscopic as well 
as microscopic properties of GFRP material under different 
fatigue loadings and different hygrothermal conditions and hence 
evaluates the dynamic behaviour of GFRP subjected to fluctuating 
loads. The results were plotted graphically with respect to time 
and temperature.

II. Materials and Method

A. Material

1. Cutting of GFRP Sheet

For the experimentation, uni-directional woven fabric roll of 
GFRP was procured having 50 cm width and 0o fibre orientation 
woven with polymer fibres. The sheets were initially cut from roll 
in the length of 550 mm. 

2. Mixing of Epoxy
The cut sheets were epoxy coated in order to craft composite 
material. Epoxy resin (M. Brace) was used which basically 
consists of two parts, a base and a hardener. Base was a thick 
blue liquid which was considered as the main ingredient and the 
hardener which was golden in appearance was added to the base 
for helping it to settle down by starting the exothermic reactions. 
Both base and hardener were mixed (by % wt.) in a container in 
the ratio of 100:40 respectively.
After mixing the base and hardener in the required quantity, 
the mixture was stirred continuously to mix these properly and 
homogeneously. Proper mixing ensured well settlement of the 
material of the mixture. Also, if the ratio of the hardener was 
taken more, then the pot life of the material would have been 
lesser. Approximately 300 gm. of epoxy was needed to apply on 
to both sides of the sheet.

3. Applying Resin on Sheet
The epoxy was applied on sheet using a steel scrapper by carefully 
spreading it evenly on all sides of sheet. It was made sure that 
there shouldn’t any air bubble present/entrapped inside the epoxy 
applied on the sheet, otherwise it would create a flaw there. After 
applying epoxy, sheet took overnight to dry. The side of sheet could 
be coated, if required. The full curing of sheet was accomplished 
subjected it to ambient pressure and temperature for seven days. 
A fully cured epoxy coated sheet is shown in fig. 1.

Fig. 1: The Fully Cured Sheet With Epoxy Coating

4. Preparation of Specimen and Tabs
Using the Treadle shearing machine, the epoxy cured sheet was 
cut to specimens of 150mm x 12mm sizes. The tabs from same 
epoxy cured sheet were cut in the size of 45mm x 12mm using 
Treadle shearing machine. The mixture of epoxy was carefully 
applied on to the either side of the specimen tabs were placed on 
either side of epoxy pasted specimen (with epoxy coated side of 
tab on upper side). The epoxy would act as binder between tab 
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and actual specimen. Two paper clamps were placed on either 
tabbed side to hold tabs in place and also to apply pressure while 
epoxy between them was getting dried. The tabbed specimens were 
cured for 5 days at atmospheric conditions. Tabbed specimens 
are shown in fig. 2.

 
Fig. 2 Cured Tabbed Specimen

Holes of 3mm diameter were drilled on both ends of cured tabbed 
specimens for appropriate clamping of the specimen on fatigue 
testing machine. The final dimensions of the specimen were taken 
as 150mm X 12mm X 1mm as length, breadth and thickness 
respectively. The specimen was having “tabs” at both sides only 
up to a length of 45 mm from respective ends. This left an effective 
length of about 60 mm in centre [14] as shown in fig. 3 

Fig. 3: Specimen Specifications

B. Method

1. Tensile Testing of GFRP
Five tensile test specimens of standard dimensions were prepared 
from cured epoxy sheet of GFRP to determine the ultimate tensile 
load carrying capacity of GFRP. The average ultimate tensile load 
was calculated.

2. Fatigue Testing Machine 
The fatigue testing of GFRP specimen[11] was carried out on a 
modified mass-spring-damper machine setup which is used for 
forced vibration experimentation as shown in Fig. 4. Here the 
spring was replaced with the GFRP sample which can be fixed on 
both ends by using appropriate clamps. The exciter motor excited 
the bar giving cyclic loads to the sample due to unbalanced mass in 
the rotor of the motor which resulted in buckling of the sample. 
The load was changed by applying more moment i.e. by increasing 
the rotation per minute (rpm) of the motor or by placing more 
weight on the bar. The centrifugal force exerted by the unbalanced 
mass provided the linear force exerted on the specimen. 

Fig. 4: Schematic Diagram of Modified Fatigue Testing 
Machine

3. Formulae for Calculating Required RPM of Motor for 
20% Cyclic Load
The specimen used for the fatigue loading acted as a cantilever 
which was fixed at one end and supported by a prop on the other 
end, when loaded on the fatigue testing machine as shown in 
fig. 5. 

Fig. 5: Schematic Diagram of Specimen Loaded on Machine

Thus the various formulae related with the cantilever to determine 
the required RPM to apply the constant 20% load of measured 
average ultimate tensile load are enumerated from equation 1-7.  

YAB= [3l(b2-l2)+x(3l2-b2)]   (1)

   R= (3l-a)                                                          (2)

Y0= [3l(b2-l2)+a(3l2-b2)]                              (3)

k0= =                                (4)

T=                                                (5)

Ftr=kx = (mue)         (6)

Where X=mue/M

Ftr=mueω2                                     (7)
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where Y is deflection at given point, R is reaction at free end, ko is 
stiffness, T is Transmissivity, Ftr is transmitted force, ω is angular 
velocity of rotating mass, ωn is angular velocity corresponding 
to natural frequency, M is Mass of rotating object (motor), mu is 
unbalanced mass, e is eccentricity, E is Young’s Modulus and I 
is Moment of Inertia.

III. Results and Discussion

A. Initial Tensile Test of Specimen
Five standard tensile test specimens were tested on digital Universal 
tensile testing machine (UTM). Ultimate tensile load of various 
specimens was measured and are enumerated in Table 1. Average 
ultimate tensile load was calculated to be 5000 N.   

Table 1: Ultimate Tensile Load of GFRP

S. NO. ULTIMATE TENSILE 
LOAD (N)

1 5007
2 4998
3 5002
4 4993
5 5000
Average 5000 N

B. Calculation of Motor RPM to apply 20% of Ultimate 
Tensile Load
Knowing the value of average ultimate tensile load of GFRP, only 
20% of ultimate tensile load (5000 N) i.e. 1000 N was chosen to 
apply on prepared GFRP specimens during fatigue testing. 20% of 
ultimate tensile load was chosen due to limitation of machine. To 
apply the constant load of 1000 N on the specimens, the required 
rpm of motor was needed to know. Therefore, RPM was calculated 
theoretically using equations 1-7. The various parameters of 
specimen, its properties are mentioned in Table 2.

Table 2: Various Dimensions of Specimen and Its Properties
S. NO. PARAMETERS VALUES
1. Total Length (l) 950 mm

2. Distance from fixed end to point of 
application of Load (a) 570 mm

3. Distance from point of application of 
Load to the Prop end (b) 380 mm

4. Eccentricity (e) 65 mm

5. Young’s Modulus of Mild Steel Beam 
(E) 210 GPa

6. Moment of Inertia of beam cross-
section (I) 3.67e-9 m4

7. Ultimate Tensile Load 5000 N

After putting the various values mention1ed in Table II in equations 
1-7 for transmitting only 20% of ultimate tensile load of 1000 N, 
the no. of rpm came out to be 598.74 rpm.
When GFRP specimen was tested on fatigue testing machine at a 
load of 1000 N at 598.74 rpm, the specimen was found to fracture 
after approximately 16 minutes. Hence life of prepared GFRP 
was concluded to be 16 minutes under fatigue loading of 598.74 
rpm.  It was then decided to take fractions of the maximum time 
of failure i.e. 16 minutes at 1000 N loading (20% of UTL) to make 

the specimens fatigued to different extents without failure and then 
to evaluate  its effect on ultimate tensile strength.
Various fractions of maximum time period i.e. 20% (3.2 minute), 
30% (4.8 minute), 40% (6.4 minute), 60% (9.6 minute), 70% 
(11.2 minute) and 80% (12.8 minute) were chosen.  Table 3 shows 
the data for the different fractions of total time of failure (16 
minutes) at constant fatigue loading of 1000 N at constant 598 
rpm. Corresponding measured ultimate tensile load of different 
fatigued samples are also enumerated in the last column of Table 
3. Fig. 6 shows the effect of different time periods of constant 
loading on the ultimate tensile load of GFRP. 

Table 3: Fraction of Total Time of Failure Vs. Ultimate Tensile 
Load at Constant load of 1000 N and 598 rpm
Fraction of total time of 
failure (20% of UTL) 

Time period 
(Minute)

Ultimate tensile 
load (N)

0% 0 5000
20% 3.2 4800
30% 4.8 4650
40% 6.4 4100
60% 9.6 3800
70% 11.2 3150
80% 12.8 2350
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Fig. 6: Effect of Different Time Periods of Loading on Ultimate 
Tensile Load of GFRP

From fig. 6, it can be concluded that ultimate tensile load /strength 
of GFRP was decreased as the time period of loading increased. 
Same behavior has been observed in the case of ferrous and non-
ferrous materials also.   
Numbers of cycles were calculated by multiplying the corresponding 
fraction of time period (as shown in second column of Table 3) 
with the maximum rpm i.e. 598.74. Table 4 shows the calculated 
number of cycles corresponding to selected time fractions with 
the ultimate tensile load of GFRP.

Table 4: Comparison of Number of Cycles and Ultimate Tensile 
Load   

S. No.
Fraction (%) 
of  Failure 
Time

Corresponding 
Time Period 
(Minute)

Corresponding 
No. of Cycles

Ultimate 
Tensile 
Load (N)

1 0 0 0 5000
2 20 3.2 1915.968 4800
3 30 4.8 2873.952 4650
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4 40 6.4 3831.936 4100
5 60 9.6 5747.904 3800
6 70 11.2 6705.888 3150
7 80 12.8 7663.872 2350
5 100 16 9579.84 0
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Fig. 7: Effect of Number of Cycles on the Ultimate Tensile Load 
(S-N Curve)

Fig. 7, concludes that as the number of fatigue cycles increased, 
GFRP specimens were fatigued more and hence in turn, their 
respective ultimate tensile load/strength decreased. The same 
behavior of degradation of ultimate tensile load/strength can also 
be visualized in case of ferrous and non-ferrous materials.

C. Hygrothermal Testing 
The above prepared prefatigued GFRP samples were placed in two 
water baths maintained at 450C and 550C [17-18] for time duration 
of maximum of two months and periodic readings of their change 
in microscopic properties were observed [10,14] (Fig. 8).

   Heating Rod 

Fig. 8: Setup View of the Water Baths

D. Micro-Hardness
The micro-hardness data was collected at following parameters 
(Fig. 9 & 10):
Load applied:                           200 gm.
Magnification used:                 10X
Dwell time                                20 sec.
The micro-hardness for specimen in each bath was measured at 
regular intervals [13]. 

 Indent  Micro-hardness value 

 

Load applied 

Fig. 9 & 10: Image Showing the Indent and Micro-Hardness Value 
of the Specimen for Micro-Hardness Estimation
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Fig. 11: For 45°C Bath
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Fig. 12: For 55°C Bath
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Table V: Discussion on Micro-Hardness Change of the Specimen 
(Fig. 11 & 12):

Loading 
(%)

Slope (Rate of change 
of micro-hardness) Drop (VHN)

55°C bath 45°C bath 55°C bath 45°C bath

60 -0.06874 -0.069744 -4.12453 -4.04648

40 -0.0612 -0.0555 -3.66524 -3.33287

The above Table V shows that the rate of decrease in the micro-
hardness is more dominant in case of specimen dipped in bath 
with higher temperature (55°C) as compared to bath at lower 
temperature (45°C).
Also it is clear that at given time and temperature the specimen 
with higher loading cycles (60%) have higher drop in hardness as 
thus having higher rate of change as compared to specimen with 
lesser loading cycles (40%).
The time variation can also be discussed as it is clearly shown in 
the graph that the rate of micro- hardness decrease is higher in 
first month as compared to second month which is due to lesser 
diffusivity rate in second month as discussed earlier.

E. Scanning Electron Microscope (SEM) Readings 
SEM micrographs are helpful in viewing the micro-structure of 
material, hence showing any changes in physical structure of 
material and showing any defects like cracks, voids generated 
after loading and hygrothermal degradation of the material. The 
setup is shown in fig. 6.40.
These are also helpful in calculating the area fraction of fibre and 
epoxy in the given specimen and the changes occurring and for 
also calculating the circularity of the fibre in case of GFRP.
(i)Initial specimen (refer Fig. 13 & 14)

Fig. 13: SEM Micrographs      Fig. 14: Longitudinal Fibre of 
         Initial Specimen(2000X)

(ii) After Fatigue Loading (Fig. 15)

       (a)                                                (b)
Fig. 15: SEM Micrographs for (a) 40% Loading Cycles (b) 60% 
Loading Cycles

(iii)Pre-fatigued specimen after one month in water bath (refer 
Fig. 16 & 17)
(a)For 45°C temperature

 Lump formation  Epoxy Fibre 

           (a)                                     (b)
Fig. 16: SEM Micrographs for (a) 40% Loading Cycles (b) 60% 
Loading Cycles

(b) For 55°C temperature 

Change in circularity of fibre  

 
         (a)                                         (b)
Fig. 17: SEM Micrographs for (a) 40% Loading Cycles (b) 60% 
Loading Cycles

(iv) Pre-fatigued specimen after two month in water bath (refer 
Fig. 18 & 19)
(a)For 45°C temperature

 Flakes formed 

         (a)                                           (b)
Fig. 18: SEM Micrographs for (a) 40% Loading Cycles (b) 60% 
Loading Cycles
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(b)For 55°C temperature

 Void generated 

          (a)                                            (b)
Fig. 19: SEM Micrographs for (a) 40% Loading Cycles (b) 60% 
Loading Cycles 

D. Area Fraction and Circularity
Image Analysis by “IMAGE-J” Software for Calculating Area 
Fraction and Circularity:
The analysis of all the SEM images was done in order to compare 
the area fraction of both epoxy as well as of the fibre. The 
commercially available software Image-J was used for analysis 
of images. Few representative images after analysis by software 
are shown from Fig. 6.148 to Fig. 6.154.
Procedure followed for analysis of the SEM images is explained 
below:
1) The image to be analyzed was opened using the software.
2) A line was drawn parallel to the 20µm line (shown on SEM 
images) using the Set Scale option. That distance was set equivalent 
to number of pixel (automatically counted by software).
3) As the scale was set, a line was drawn across fibre edges to 
measure the length of fibre.
4) To calculate the area fraction, firstly the image was converted 
to RGB color (a number of color options can be chosen, here Red/
Green color option was chosen to fill the areas of SEM image)
5) After applying the above option the color of image changed 
(from the grey scale to chosen Red/Green), in which red color 
indicated the fibre area, green indicated epoxy and black was 
for voids. These areas were selected automatically by software 
according to the image contrast. 
6) Using the Binary option and then selecting Make Binary, in 
the Procedure menu, the software converted the image to binary 
image. 
7) To calculate the area fraction, firstly the option of measure area 
fraction in Set Measurement menu was activated. To measure the 
area fraction, the option Analyze →Measure was used. Area to be 
measured was selected by making a window around it and above 
mentioned Analyze option showed the results in a tabular form.
(i) Initial stage (refer Fig. 20)

                  (a)                                          (b)
Fig. 20: (a). SEM Image at Initial Stage, (b) SEM Image by Image 
Analyzer

(ii) After Fatigue Loading (refer Fig. 21)

 
        (a)                                                (b)
Fig. 21: (a) SEM Image at 40% Loading Cycle Specimen, (b) 
SEM Image by Image Analyzer 

(iii) After one month in water (refer Fig. 22 & 23)

         (a)                                             (b)
Fig. 22: (a). SEM Image for Specimen in 45°C Bath, (b) SEM 
Image by Image Analyzer 

         (a)                                            (b)
Fig. 23: (a). SEM Image for Specimen in 55°C Bath, (b). SEM 
Image by Image Analyzer 

(iv) After two month in water (refer Fig. 24 & 25)

        (a)                                                 (b)
Fig. 24: (a). SEM Image for Specimen in 45°C Bath, (b) SEM 
Image by Image Analyzer 
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       (a)                                             (b)
Fig. 25: (a). SEM Image for Specimen in 55°C Bath, (b) SEM 
Image by Image Analyzer 

1. Area Fraction 
After calculating the area fraction using IMAGE-J software, 
following results were obtained for specimen at different loadings 
and temperatures.
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        (a)                                             (b)                                   
Fig. 26: For 45°C Bath (a) at 1500X (b) at 2000X
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Fig. 27: For 55°C Bath (a) at 1500X (b) at 2000X

Table 6: Discussion on Area Fraction Change in Fibres for the 
Specimen (refer Fig. 26 & 27):

Loading 
(%)

Slope (Rate of change 
of area fraction) Drop (%)

55°C bath 45°C bath 55°C bath 45°C bath
60 -0.37833 -0.085 -22.7 -5.1
40 -0.15833 -0.16 -9.5 -9.6

The above data in the Table 6 shows a huge decrease in the fibre 
area fraction for 60% loading cycle’s specimen at 55°C bath after 
two month duration.
Thus, it can be clearly stated that at higher temperature and higher 
loading the decrease in area fraction of the fibre is also higher 
and the rate of this decrease is also higher compared to lower 
temperature and loading conditions.
The reason for this can be stated as more seepage of water in the 
more loaded specimen compared to less loaded ones and the higher 
temperature also plays a supporter for the same phenomenon. 

2. Circularity
The circularity of the fibre in the specimen can also be calculated 
by using IMAJE-J software. The procedure for that is given 
below:
(i) Either directly get the result by using the option Analyze-Measure 
and tick the option Shape Descriptors in Set Measurement.
(ii) The second method is to manually draw a circle over the fibre 
and aspect ratio would be shown on the above which is the x to y 
ratio and the circularity of the fibre, as shown in the fig. 28.  

 
y 

x 

Fig. 28: The Circle Drawn on the Fibre Gives the Circularity by 
Calculating x to y Ratio
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     (a)                (b)                              
Fig. 29: For 45°C Bath (a) at 1500X (b) at 2000X  
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Fig. 30: For 55°C Bath (a) at 1500X (b) at 2000X
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Fig. 31: Loading Vs. (a) Area Fraction (b) Circularity                               
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Table 7: Discussion for Circularity Changes in Fibres for the 
Specimen (refer Fig. 29 to 31):

Loading (%)

Slope (Rate of change 
of circularity) Drop

55°C bath 45°C bath 55°C 
bath

45°C 
bath

60 8.33E-05 0.00005 0.005 0.003

40 0.000233 0.0003 0.014 0.018

From the above data shown in Table 7, it is clearly shown that not 
many changes are occurring in the circularity of the glass fibre 
for the given temperature, time and load conditions. The slight 
changes in the values are not monotonic in nature and are firstly 
decreasing and then increasing.
So, longer time periods and load and temperature variations are 
to be incorporated for getting satisfying results as no predictions 
could be made from the present results. 

3. Ultimate Tensile Strength
A Universal Tensile testing machine was used for the testing of 
the GFRP specimen for its tensile strength. All the pre-fatigued 
specimens as well as specimen at different hygrothermal conditions 
were tested until they broke (Fig. 32-34).
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Fig. 32: For 45°C Bath            
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Fig. 33: For 55°C Bath
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Fig. 34: For Natural Bath

Table 8: Discussion on the Ultimate Tensile Strength of the 
Specimen (refer Fig. 32 to 34):

Loading 
(%)

Slope (Rate of 
decrease in tensile 
strength)

Drop (N)

55°C 
bath

45°C 
bath

Natural 
bath

55°C 
bath

45°C 
bath

Natural 
bath

60 29.3 23.4 17.6 1465 1170 880
40 25.8 22.2 16.8 1290 1110 840
0 22.6 21.4 16.4 1130 1070 820

From the above Table 1 it is clear that the rate with which the 
tensile strength is decreasing is more for 55°C bath as compared 
to 45°C bath and minimum in case of natural degradation for 
each type of loading.
For different loadings it is seen that for a given temperature 
maximum decrease in tensile strength has occurred in case of 60% 
loading cycles as compared to 40% loading cycles and minimum 
for the specimen which are without fatigue loading cycles. 

4. Diffusivity
Diffusivity for the specimen is calculated by using the formula 
shown in Fig. 35 & Fig. 36:

D=

Where Le, W, and h are the length, width and thickness of the test 
specimen, respectively, and M1 and M2 are moisture contents at 
times t1 and t2, respectively.
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Fig. 35: For 45°C Bath                   Fig. 36: For 55°C Bath

Table 9: Discussion on Diffusivity Rate of the Specimen (Refer 
Fig. 35 & 36):

Loading 
(%)

Slope (Rate of change 
of diffusivity) Drop (mm2/sec)

55°C bath 45°C bath 55°C 
bath 45°C bath

60 -1.97E-06 -2.58E-06 -1.18E-
04 -1.55E-04

40 -2.77E-06 -2.73E-06 -1.66E-
04 -1.64E-04

The above data from table 3 for the diffusivity shows that there is a 
decrease in the diffusivity for all specimen at different temperatures 
with time i.e. the diffusivity at initial stage is maximum which 
keeps on decreasing with time i.e. at one month record and 
minimum for two month.
Also it is clear from the data that for 55°C bath the rate of diffusivity 
as well as the diffusivity value is much larger as compared to 
specimen at 45°C bath.
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The loading parameters also show that for given time and 
temperature the specimen with 60% loading cycles have higher 
diffusivity compared to specimen with 40% loading cycles. 

5. Capacitance
The capacitance was measured with a RCL meter at a frequency 
of 50 Hz (Fig. 37 & Fig. 38).
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Fig. 37: For 45°C Bath                   Fig. 38: For 55°C Bath

Table 10: Discussion on Capacitance Change of the Specimen 
(refer Fig. 37 & 38):

Loading 
(%)

Slope (Rate of change of 
capacitance) Drop (F)

55°C bath 45°C bath 55°C 
bath

45°C 
bath

60 7.57E-09 2.4365E-09 4.55E-07 1.46E-07

40 7.09E-09 2.83811E-
09 4.24E-07 1.70E-07

From above data shown in Table 4, it is clear that the rate of increase 
of capacitance is larger in case of water bath with temperature 
55°C as compared to the 45°C bath.
Also with the data collected at one month and two month time 
period it is evident that the rate of increase for first month is high 
as compared to the increase in second month. 
The increase for higher loading cycle specimen i.e. 60% is slightly 
higher than the less loading cycle specimen i.e. 40%. The above 
graph pattern is comparable to the increase in weight gain. So it 
clearly shows that the weight gain nature can be easily predicted 
with the capacitance increase data in GFRP specimen. 

IV. Conclusion
From the experiments conducted following conclusions have been 
drawn:
1. The trend of tensile strength for pre-fatigued GFRP specimen 
is seen to be continuously decreasing with time and this reduction 
is more pronounced in the second month as compared to the first 
month.
Also it is seen that with more fatigue cycles of specimen the rate of 
decrease of tensile strength is more as compared to the specimen 
with lesser fatigue cycles.
The temperature increment also indicates the accelerated 
degradation of GFRP specimen i.e. higher the temperature more 
is the rate of degradation.     
2. Further investigation for properties of GFRP is done by measuring 
micro-hardness of the specimen which shows a slight decrease for 
the pre-fatigue load being applied but a much noticeable decrement 
for hygrothermally treated specimen and the minimum hardness 
is found to be of the specimen dipped in 55°C bath after two 
month time period.
3. The area fraction of the fibre and epoxy are analyzed using 

image analysis. The results show an increase in area fraction of 
the epoxy with increasing time showing a marked increase in 
second month for the entire specimen at different loadings and 
temperatures. 
4.  The change in circularity for the fibres is not much pronounced 
which is easily noticeable in SEM image of specimen. But some 
specimen immersed in water tank at higher temperature have 
shown chipping of edges completely with rest of periphery in 
quite a circular shape.
5. The percentage weight gain showed an increasing trend with 
time as expected in both the specimen immersed in water at 45°C 
and 55°C tank. The weight gain is slightly more in specimen at 
55oC compared to specimen at 45oC.Its also seen that with time 
the diffusivity rate for each specimen is decreasing which is also 
expected, thus the rate of weight gain is decreasing with time.
6. The capacitance values for specimen is also increasing and 
following the same pattern as the weight gain trend which is the 
required criteria and expected result. 
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