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Abstract: Fatigue durability analysis of polymer composites is not an easy task, due to its viscoelastic behaviour. Unlike 
metals, fatigue life prediction for polymer composites is a difficult task, and S-N curve simply cannot be applied. The 3-
point bending fatigue test was conducted for the samples of glassfibre/epoxy composite laminate specimens, prepared by 
hand layup process and compacted in a hot press. The test consisted of loading the specimens at constant amplitude 
alternating stress levels and frequency 5 hz. Initially, some of these specimens were immersed in sea water,  some in fresh 
water in normal conditions at room temperature, and some exposed to humidity RH 85% in a humidity chamber. After 
moisture diffusion, at saturation level, these specimens were tested for fatigue strength at frequency 5hz for different loading 
conditions to predict fatigue damage estimation and optimum loading prediction using S-N curve. 
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I. INTRODUCTION 
 
Any physically based damage model for a composite 
can be determined as the overall damage to the 
composite caused by individual constituents like 
matrix, fibre-matrix interface and fibre.[1]. These 
three constituents do not fail simultaneously, which is 
found in their differing mechanical properties. Under 
cyclic bending loading, matrix cracks are formed in 
the initial stages, which affects the strength and life of 
the given laminate.[2].These matrix cracks are 
formed in the resin-rich regions, voids, misaligned 
fibres created during the fabrication process. Once 
initiated, these micro-cracks spread in a multiple 
mode and number across the matrix over the stress 
cycles. This damage continues as more cracks unite, 
till it encounters a fibre, leading to a matrix-fibre 
interface. At this stage of the process, matrix-fibred 
bonding may occur, which causes accumulation of 
the damage, and reducing the stiffness of the 
laminates. The later stage of damage accumulation, is 
caused by increasing rate of progress of all damage 
modes, resulting in fibre failure. Thus this damage 
development can be used as a prediction method 
using S-N curve.[3,4]. However fatigue damage 
cannot be measured directly. Therefore for 
quantitative evaluation of fatigue damage, Young’s 
modulus or the stiffness of the composite materials 
are often used to evaluate the fatigue damage due to 
cyclic loading, using a damage fatigue index: [5] 
 
                     D = 1- E/E0                              (1) 
 
D is the fatigue damage index ranging between 0 and 
1. E0 is the Young’s modulus of the undamaged 
material and E is the Young’s modulus of the 
damaged material. Thus the extent of damage can be  
 

 
quantified by measuring Young’s modulus of the 
material over the fatigue cycles. 
 
II. EXPERIMENT 
 
The 3-point bending fatigue test was carried out in 
250 KN Servo hydraulic Landmark machine and S-N 
curve was generated as per ASTM D7774 standard. 
The specimen dimensions were (130 x 20 x 3) mm. 
The test consisted of loading the specimens at 
constant amplitude alternating stress levels and 
frequency 5 hz. The samples of glassfibre/epoxy 
laminate specimens immersed in sea water, fresh 
water and exposed to humidity RH 85% were taken 
for fatigue testing.  
 
First, Glassfibre/epoxy laminate specimens immersed 
in sea water were subjected to fatigue testing. The 
sample was placed in 3-point bend test set-up, where 
the specimens are placed on two simple supports with 
a span length of 60mm.[6,7]. The test result of  peak 
load value of 748.6 N and the peak stress value of 
12.476 Mpa for the sample were taken from the 
results of 3-point flexural bending test, (previous 
published paper by the same author). This was 
subjected to a cyclic loading of frequency 5 hz, The 
sample was tested for a maximum stress value of 
50% of peak stress (385 Mpa), and S-N curve was 
generated for a frequency of 5 hz.  The specimen was 
fixed in 3-point bend set-up with fixtures and the 
computer controlled servo hydraulic machine was 
started. The specimen was subjected to reversing 
alternating stress cycles until the material was 
stressed. A graph of Stress vs Number of cycles (S-N 
curve) was generated. 
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Fig.1.  S-N curve of Glassfibre/epoxy laminate specimen in sea 

water. 
 
(1) Discussion 
It is seen from the Figure 1., the endurance or fatigue 
limit is 384 Mpa and the number of cycles is 17000. 
Beyond which, the sample experiences fatigue with 
increased number of cycles and there is a reduction in 
stiffness. This reduction continues and  after it 
crosses 35000 number of cycles, its stress level 
decreases to 373 Mpa, and with further increase in 
loading, the material fails. 
     From the S-N curve, the fatigue life prediction can 
be modelled in terms of fatigue damage index which 
ranges from 0 to 1 (0 is minimum and 1 is 
maximum). The fatigue stress values for known 
number of cycles can be used to evaluate the Young’s 
modulus of the stressed material, (E1, E2, ….), and the 
Young’s modulus of the undamaged material, (E0). 
The extent of damage D, can be found out from (1). 
     From the S-N curve, the endurance limit value is 
384 Mpa, and the corresponding strain value from the 
experiment is 2.48884 mm. 
From (1), the fatigue damage index, D = [ 1 – 
154.69/187  = 0.1727.  
 
In order to assess the degradation and reduction in 
stiffness, the damage index can be plotted against 
number of cycles, and predicted over its life time. 

 
Fig.2.  Fatigue damage index vs Number of cycles. 

Second, Glassfibre/epoxy laminate specimens 
immersed in fresh water were subjected to fatigue 
testing. The sample was placed in 3-point bend test 
set-up, where the specimens are placed on two simple 
supports with a span length of 60mm. The test result 
of  peak load and the peak stress for the sample were 
taken from the  results of 3-point flexural bending 
test. This was subjected to a cyclic loading of 
frequency 5 hz,. The sample was tested for a 
maximum stress value of 70% of peak stress value 
(525 Mpa), and S-N curve was generated for a 
frequency of 5 hz.  The specimen was fixed in 3-point 
bend set-up with fixtures and the computer controlled 
servo hydraulic machine was started. The specimen 
was subjected to reversing alternating stress cycles 
until the material was stressed. A graph of Stress vs 
Number of cycles (S-N curve) was generated. 
 

Fig.3. S-N curve of Glassfibre/epoxy laminate specimen in fresh 
water. 

 
(2) Discussion 
It is seen from the Figure 3., the endurance or fatigue 
limit is 447 Mpa at 70% loading of peak stress value, 
and the number of cycles is 540. Beyond which, the 
sample experiences fatigue with increased number of 
cycles and there is a reduction in stiffness, and this 
reduction continues, and the fatigue stress decreases 
rapidly (130 Mpa) after it crosses 640 number of 
cycles, and with further increase in loading, the 
material fails. 
 
     From the S-N curve, the stress value at the 
endurance limit is 447 Mpa, and the corresponding 
strain value from the experiment is 2.78 mm. 
From (1), the fatigue damage index, D = [ 1 – 
173.74/187]= 0.0709.  
 
The damage index can be plotted against number of 
cycles, and degradation and reduction in stiffness can 
be predicted over its life time. 
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Fig.4. Fatigue damage index vs Number of cycles. 

 
Third, Glassfibre/epoxy laminate specimens exposed 
to humidity RH 85% in a humidity chamber were 
subjected to fatigue testing. The sample was placed in 
3-point bend test set-up, where the specimens are 
placed on two simple supports with a span length of 
60mm. The test result of peak load and the peak 
stress for the sample were taken from the results of 3-
point flexural bending test. This was subjected to a 
cyclic loading of frequency 5 hz,. The sample was 
tested for a maximum stress value of 60% of peak 
stress value (453 Mpa), and S-N curve was generated 
for a frequency of 5 hz.  The specimen was fixed in 
3-point bend set-up with fixtures and the computer 
controlled servo hydraulic machine was started. The 
specimen was subjected to reversing alternating stress 
cycles till the material was stressed. A graph of Stress 
vs Number of cycles (S-N curve) was generated. 

 
Fig.5. S-N curve of Glassfibre/epoxy laminate specimen at 

humidity RH 85%. 
(3) Discussion 
It is seen from the Figure 5., the endurance or fatigue 
limit is 483 Mpa at 60% loading of peak stress value, 
and the number of cycles is 1000. Beyond which, the 
sample experiences fatigue (373 Mpa) with increased 

number of cycles till 19300, and there is a reduction 
in stiffness. This reduction continues, and its stress 
level decreases to 300 Mpa,after 37000 cycles, and 
with further increase in loading, the material fails. 
     From the S-N curve, the fatigue stress value or 
endurance limit is 483 Mpa., and the corresponding 
strain value from the experiment is 3.97mm.  
From (1), the fatigue damage index, D = [ 1 – 
121.66/187]= 0.349. 
 
In order to assess the damage, in terms of rising 
numerical values, this can be plotted against number 
of cycles, and degradation and reduction in stiffness 
can be predicted over its life time. 

 
Fig.6. Fatigue damage index vs Number of cycles. 

 
Fig.7. Specimens after 3-point bend fatigue test. 

 
The Damage index, under different loading 
conditions, gives us an estimation of the accumulated 
damage and their values indicate the extent of 
damage the material is stressed over its life time. The 
fatigue curves plotted in Figure 8, gives a measure of 
stiffness under different loading conditions. Thus, the 
50% loading curve plotted, is not so steep when 
compared to 60% and 70% loading conditions. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

-200 0 200 400 600 800

D
=E

/E
0

Number of cycles

70% loading

D

0

100

200

300

400

500

600

0 10000 20000 30000

St
re

ss
, M

pa

Number of cycles 

Glass fibre/epoxy-RH 85%

0.348
0.35251

0.36581
0.37495

0.42628

0.45985 0.47532
0.49802

0

0.1

0.2

0.3

0.4

0.5

0.6

0 10000 20000 30000

D
=E

/E
0

Number of cycles

60% loading

D



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-10, Oct.-2015 

Fatigue Durability Analysis Of Glassfibre Reinforced Epoxy Composite Laminate And Damage Estimation And Loading Prediction 
 

110 

Hence, this range of loading can be understood and 
predicted as optimal loading. 
 

 
Fig.8. Fatigue damage curve under different loading 

conditions. 
 
CONCLUSION 
 
Thus, S-N curve was plotted for specimens immersed 
in sea water, fresh water and in humidity RH 85% for 
different loading conditions and discussed.Thus 

fatigue index gives a measure of the damage 
accumulated and prediction of its condition of fatigue 
stresses developed over its life time  and durability 
measure is indicative of its performance and 
sustainability in moisture ambience.  
 
REFERENCES 
 

[1] Case SW, Mechanics of fibre controlled behaviour in 
polymeric composite materials in Engineering mechanics, 
1996, Virginia polytechnic institute and state university. 

[2] Reifsneider K, Stinchcomb A, Critical element model for the 
residual strength and life of fatigue loaded composite 
coupons, in composite materials; Fatigue and fracture ASTM 
STP 907, Haln HT, editor,1986, American society for testing 
and materials; West Conshohocken PA, pp298-303. 

[3] Hwang W, Han KS, Fatigue of composites- fatigue modulus 
concept and life prediction, Journal of composites Mater 
1986;20:125-53. 

[4] Highsmith AL, Reifsneider, editor, Damage in composite 
materials, ASTM STP, Vol 775, pp 103-17. 

[5] Reifsneider KL, Case SW, Damage tolerance and durability of 
material systems, 1st ed.2002, Newyork:Wiley-interscience-
435. 

[6] El Mahi A, KhawarFarooq M, Sahraoui S, Bezazi A, 
Modelling the flexural  behaviour of FRP composite 
materials under cyclic fatigue, Mater Des 2004;25 pp199-
208. 

[7] Miyano Y, Nakada M, HengnengCai, Mechanics of time 
dependent materials and processes in conventional and multi-
functional materials, Vol 3, Conference proceedings of the 
society for experimental mechanics, series 2011, pp257-263. 

 
 
 
 
 
 
 
 

 

50% 
loading

70% 
loading

60% 
loading

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

-10000 0 10000 20000 30000 40000

D
=E

/E
0

Number of cycles


