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Abstract-Fiber reinforced polymer (FRP) composite is a new construction material, which is gradually gaining 

importance for engineering applications. Their use as structural materials in recent years has proved many 

advantages. The advantages over traditional construction materials are its high tensile strength to weight ratio, 

ability to be molded into various shapes, and potential resistance to environmental conditions which results in 

potentially low maintenance cost. These properties make FRP composite a good alternative for innovative 

construction. This paper reviews the different process of preparation of the GFRP composites and the fatigue 

behavior of fiber-reinforced polymer composites. To determine the fatigue life of fiber - reinforced polymer 

composites, input variables such as maximum stress, fiber orientation, and stress ratio and effects of a load were 

considered. 

 

Keywords—GFRP Polymer composite; Woven glass fiber; Fiber orientation; Fatigue test; Fatigue behaviour. 

 

1. INTRODUCTION 

 

  The main objective of this Review paper is to 

gain a better understanding of fatigue properties of 

epoxy resin composites reinforced with 2D woven 

glass fiber. The effect of fiber orientation & thickness 

of laminates has been investigated .The popularity and 

the usage of 2D woven composites has abruptly 

increased in the  recent years  in the field of  

aerospace, automobile and defense industries due to 

their light weight, lower production costs, higher 

fracture toughness, low thermal expansion, corrosion 

resistance and better control over the fatigue strength. 

The rotor hubs of the bearing less helicopter which 

are designed using fiber reinforced laminated 

composite materials experience bending as well as 

centrifugal loads in the flapping flexure region. Due 

to this the high demand for improved mechanical 

performance of these structural materials makes it 

even more necessary to evaluate these materials under 

different types of loading and at different fiber 

orientations. Fiber-reinforced polymer composites 

show strong anisotropic mechanical behavior due to 

their fiber orientations which leads to various failure 

mechanism. The anisotropic mechanical behavior of 

different fiber orientation creates more complexity in 

the multiaxial loading condition. So in order to avoid 

that an effort has been made to make quasi-isotropic 

composite materials with controlled parameters such 

as the stacking sequence of the plies and the 

orientations of the adjacent plies. 

 

2. PROPERTIES, STRUCTURE, AND 

APPLICATION OF PMC 

 

 

 

As reported by C.Elanchezhian et al. [1] in 

his studies composite is a material which made by the 

combination of two or more dissimilar materials so 

that it can gain the material properties superior to its 

parental ones. Owing to the superior properties gained 

by the fiber reinforced composite material the 

composite materials are used in different field of 

engineering such as defense, sports, aerospace etc. 

The FRP composite material is also gaining its 

interest day by day due to its eco-friendly material 

properties. Number of work has already been carried 

out by the researchers in the field of FRP composites. 

It has been studied that the fibers such as 

carbon and glass fibers are abundant in nature which 

is also renewable and can be used as an alternative to 

the traditional reinforcement material in the 

composites which can gain the mechanical properties 

of high strength to weight ratio and also gain further 

weight reduction. The interfacial bond between the 

matrix and the reinforcement should be sufficient 

enough to transfer the load from the matrix to the 

reinforcements. While looking into the toughness of 

the composite, the interface should not be so strong 

that allow toughening mechanisms such as 

delamination of the fiber pullout to take place. The 

volume friction of the matrix and the fibers and the 
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orientation (0/90/-45/45) of the reinforced fibers in 

the composites plays an important role in determining 

the properties. 

The composite materials used now a days in the 

industries are made up of glass fibers. In case of fiber 

glass products there are two phases. The matrix phase 

which works on the transformation of the shear and 

the glass fiber which is the reinforcement phase is 

used to resist the tensile and the compressive load. It 

has been studied that the fiber glass composite 

material shows significant reduction of the weight, 

extremely strong, and robust material than the 

composites made of steel or timber with increased 

strength to weight ratio. The material is typically less 

brittle than the other type of fibers and the raw 

material are abundantly available in nature. The bulk 

strength and weight properties are superior as 

compared to the metal composites. Different types of 

complex intricate shapes can also be formed by the 

molding process very easily. 

The epoxy material resin is used to provide the better 

binding properties between the reinforced phase and 

thee matrix phase. Normally the epoxy material which 

is used at the room temperature is Araldite LY556 

which is based on  Bisphenol-A and it is suitable for  

high performance composite FRP applications like 

Pultrusion, Filament Winding and Pressure Moulding. 

The hardener HY951 which is easily curable at room 

temperature is used to improve the interfacial 

adhesion and impart strength to the composite 

material. The mixture of the resin and the hardener in 

the ratio of 10:1 can be used to obtain the optimum 

matrix compositions as studied by B.Vijaya Ramnath 

et al.[2] 

3. FATIGUE TEST 

It has been observed that during the fatigue testing the 

temperature in the specimen is increased to the 

significant level. As studied by A.Vahid Movahedi-

Rad et al. [3],   the quasi-static experiments under 

standardized rates and at the rates similar to those 

which are achieved under the fatigue loading 

conditions were performed in order to obtain the 

fatigue strength of the examined material and 

investigate the rate effects. A wide range of cyclic 

load was applied on the specimen so that wide range 

of fatigue lives can be covered from 500 to around 

10^6 cycles in order to determine the number of 

cycles of failure. The effect of the fiber orientation on 

fatigue strength was significant at all stress ratios and 

temperatures as studied by Mortazavian et al. [4] 

4. FATIGUE BEHAVIOR 

Fatigue behavior is the design parameter for the 

repeatedly loaded structure within its endurance limit. 

Some of the design parameters are discussed below: 

A. Fatigue life and the effect of stress ratio 

It was studied by Thomas Kelle et al. [5] in 

his paper that a classical power law relationship can 

be used for the simulation of the fatigue behavior 

which is given by the bellow mentioned formula: 

 

Where max is the fatigue maximum stress level, 

Nf   is fatigue life σ0, 1/k are model parameters 

derived by linear regression analysis. P.N.B. Reis et al 

studied that the fatigue behavior of the composite is 

highly dependent on stress ratio ‗R‘. Mandell and 

Meier et al. [6] and El-Kadi and Ellyin et al. [7] have 

discussed the effect of stress ratio on the fatigue life 

of the composite material. They found that for a given 

maximum stress of a specimen in tension- tension 

loading there is increases in the fatigue life with 

increasing R. Where as in compression-compression 

loading the fatigue life of the composites decreases 

with the increase of R. Rosenfeld et al. [8] and Huang 

et al.[9] has  studied the effect of the compressive 

loading on the fatigue behavior of graphite/epoxy 

laminates for the stress ratio R = 0; - 1 and 1.They 

have concluded that there is a significant reduction of 

the fatigue life at R= - 1 and the same is higher for R 

= 1. 

B. Self-generated temperature evolution daring 

fatigue loading 

It has been studied that the temperature of 

the specimen subjected to fatigue loading increases 

due to the internal friction. Anastasios P. 

Vassilopoulos et al.[10] investigated the self-

generation of heat during fatigue loading and stated 

that when the specimen approaches to the failure 

point, the formation of the hot spots takes place and 

the distribution of the temperature remains non 

uniform throughout the life time. In majority of the 

cases the failure occurs at, or close to the location of 

the hotspot of the specimen. The self-generated 

temperature pattern remains more uniform for the for 

lower stress levels. Generally more hotspot areas are 

detected in higher stress levels on the specimen. 

C. Fatigue damage growth. 

A. Muc et al. [11] investigated the fatigue 

damage growth of the composite structures with 

circular and elliptical holes. He stated that the 

experimental result that he obtained from the damage 

growth consists of three stages. During the first stage, 

the growth of the damages very rapidly due to the 

occurrence of multiple splits along fibers within the 

material of the panels. During the second stage the 

growth of the damage is slow and steady because of 

the appearance of the ―X‖ pattern of splitting cracks 
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which is tangent to the hole edge and is parallel to 

fiber direction. In the third and the final stage, the 

damage grows very rapidly until fracture occurs due 

to delamination. 

5. PROCESS OF PREPARING THE 

COMPOSITES FOR FATIGUE TESTING. 
The preparation of the polymer matrix composite can 

be adopted using various technique. Some of the 

preparation using random and woven glass fiber mat 

are discussed below: 

A. Hand lay-up method followed by hydraulic 

press 
Suresha et al. [12] has prepared the 

composite of epoxy matrix reinforced with woven GF 

using the hand layup process. Here the epoxy is mixed 

with the hardener in the weight ratio of 100:12.The 

matrix epoxy resin and the reinforced GF were mixed 

to maintain the thickness of 3 mm and then the 

hydraulic press of 0.5 MPa is used. The specimen is 

allowed to cure at room temperature for a day. Then 

the specimen is de-moulded and again post curing is 

done at a temperature of 120°C for 2 hour in an 

electrical oven. The prepared laminate size was 250 

mm 250 mm 3 mm. 

B. Silicone rubber mould. 

 Aramide et al. [13] has prepared the 

composite of unsaturated polyester reinforced with 

GF using the silicon rubber mould. At first the mould 

was cleaned properly using the releasing agent (hard 

wax) for the ease of the removal of the composite 

after curing. A brush is used to apply the unsaturated 

polyester resin with the curing agent on the mould. 

The GF is then placed over the resin. A steel rod is 

used to roll over the GF and make it completely 

weight in the resin also to get the equal distribution of 

the resin. This process is repeated time and again until 

the desired thickness is attained. The composite is 

cured over a period of time and get fully hardened. 

The composite is then de-moulded and the edges were 

trimmed using hand file. The content of the fiber used 

is 3% to 30% in the preparation of the composite 

plates. 

C. Hand lay-up method followed by 

compression moulding. 

Erden et al.[14] prepared the composite using 

the hand layup method with polyester matrix 

reinforced with woven roving mat E-GF which is 

followed by the compression at a pressure of 120 bar 

and cured at room temperature for about 120 minute 

fiber volume fraction used in the composite 

preparation is 37% and the thickness attained is 3.5 

mm. 

D. Hot press technique. 

Atas et al. [15] prepared the composite using 

epoxy as matrix and GF as the reinforcement followed 

by the hot press technique. The composite laminate 

prepared is of the dimension 305 mm × 305 mm. The 

shearing process is applied to transform the 

orthogonal fabric to non-orthogonal fabric and is 

weaved between fill and wrap. The weight of the 

epoxy resin and the hardener used in the ratio of 

10:3.The composite is then cured at 60 ° for two hour 

and 93 ° for three hour. The pressure of 0.35 MPa was 

applied on the laminate during the curing process. 

6. CONCLUSIONS 

The literature review concerning the fatigue 

test, fatigue behavior and the process of preparation of 

the GFRP composite have been discussed in this 

paper. Some of the Key observation that are evolved 

from the literature review are mentioned bellow: 

 The temperature in the specimen subjected to the 

fatigue loading increases to a significant level due 

to applied stress, geometry of the specimen and 

the cyclic frequency. 

 The temperature generated due to the fatigue 

loading reduces the fatigue strength of the 

material. 

 Fatigue life of the composite is dependent on the 

stress ratio ‗R‘ 

 Depending on various environmental conditions 

various technology can be used to prepare GFRP. 

 The fatigue strength, flexural strength and the 

ultimate tensile strength increases with the 

increase of the volume of the fiber glass ‗Vf‘ of 

the composite. 

 With the increase of the fiber glass volume ‗Vf‘ 

the Young‘s modulas of elasticity of the 

composite material increases. 
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