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ABSTRACT 

Composites are one of the most advanced and adaptable engineering materials. The strength of any composite depends upon 
volume/weight fraction of reinforcement, L/D ratio of fibers, orientation angles and other factors. The present work focuses on 
determination of mechanical properties of pure epoxy and random oriented glass fiber (mat) reinforced epoxy at 10% and 20% 
weight fractions of glass fibers. The test specimens were prepared and tested according to ASTM standards. The experimental 
results revealed that with increase in weight fraction of reinforcement, the tensile strength and flexural strength increased by 
14.5 % and 123.65% for 20 % glass reinforced composites over pure epoxy. The numerical results obtained were in good 
agreement to the experimental results. However increased reinforcement increases the brittleness of material which may results 
in low impact strength. This study further can be used to optimize the weight fraction of glass fibers, to achieve a combination 
of strength without compromising the impact strength of composites. Copyright © 2013 VBRI press.  
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Introduction  

For years, composite materials have growing applications 
in different industries. Composite is a mixture of two or 
more constituents/materials (or phases) with different 
physical/chemical properties at the macroscopic or 
microscopic scale. In general composites have two or more 
constituents, fiber and matrix. Composites are classified by 
the geometry of the reinforcement: particulate, flake, and 
fibers or by the type of matrix: polymer, metal, ceramic, 
and carbon. The basic idea of the composite is to optimize 
material properties of the composite, i.e., the properties of 
the matrix are to be improved by incorporating the 
reinforcement phase. Fibers are the principal load-carrying 
constituents while the surrounding matrix helps to keep 
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them in desired location and orientation and also act as a 

load transfer medium between them [1]. The effective 
properties of the fiber reinforced composites strongly 
depend upon the geometrical arrangement of the fibers 

within the matrix [2]. This arrangement is characterized by 
the volume fraction, the fiber aspect ratio, fiber spacing 
parameters and orientation angles of fibers. Thermoplastic 
composites reinforced with long fibers, short fibers and mat 
(fabric) of natural and synthetic fibers like hemp, jute 
banana, glass, carbon, kevlar etc are used in a variety of 
applications such as aerospace elements, automotive parts, 
marine structures, structural members and antivibration 
applications due to their combined properties of resilience, 
creep resistance, high strength to weight and stiffness to 
weight ratios, corrosion resistance and good damping 

properties [3, 4, 5]. Due to inherent advantages of 
composites over traditional materials like metals, their 
utilization over the last decade increased many folds in the 
field of design of many engineering and structural 

components [6]. Many researchers have analytically and 

experimentally investigated [7-12] the mechanical 
properties (tensile, flexural, toughness, fatigue etc.) of FRP 

composites and other used finite element analysis [13-17] 
to predict the behavior of FRP and their mechanical 

properties. Ghassemieh [18, 19] developed a micro-
mechanical model to understand the behavior of fiber and 
particulate reinforced polymeric composites. This model 
was used to simulate stress distribution and to identify the 
maximum stress concentrations locations. The interfacial 
stresses evaluated by model were compared with the well 
known shear lag and modified shear lag models. Horsta et 

al. [20] developed a finite element model to predict the 
interfacial tensile and shear stress and validated 
experimentally. Perfect bonding between fiber and matrix 

was considered. Caporale et al. [21] examined the behavior 
of unidirectional fiber-reinforced composites with 
imperfect interfacial bonding with the aid of finite element 
method. However a few efforts were made to relate the 
experimental results of mechanical properties of FRP with 
the finite element analysis results while considering the 
isotropic behavior of composites. The main advantage of 
using finite element analysis is to generate the quantitative 
data about the failure morphology of the composites and to 
understand the deviation of results from the experimental 
results. In present work an attempt is made to relate the 
experimental and numerical results of tensile and flexural 
tests by considering the isotropic behavior of composites. 
The values of poisson’s ratio (υ) and young modulus of 
elasticity (E) were determined experimentally and same 
were used in finite element analysis. The experimental 
results were reproduced by applying the same boundary and 
loading conditions in Ansys 12 (non commercial version) 
and comparisons were made. 

 

Experimental 

Materials 

The composite material used in this research was 
manufactured using plain weave E-glass fabrics of 0.3 mm 
thickness as reinforcement. Glass fiber is a lightweight, 
extremely strong, and robust material. Although strength 
properties are somewhat lower than carbon fiber and it is 

less stiff but it is typically far less brittle and the raw 
materials is much less expensive. The matrix material was 
epoxy resin (R 101) and standard hardener (H 101) 
supplied by Fevitite, manufactured by Padmaja 
Laboratories, Navi Mumbai, India. Epoxy, also known as 
polyepoxide, is a thermosetting polymer formed from 
reaction of an epoxide resin with polyamine hardener. All 
hardeners are mixtures of aliphatic polyamines, 
cycloaliphatic polyamines and amide amines. The materials 

used are shown in Fig. 1. 

(a) (b)

(c)

 

Fig. 1. Materials used in manufacturing of composites a) Epoxy Resin, b) 
Standard Hardener and c) Glass Fiber Mat. 

Fabrication of composites 

There are many composite manufacturing techniques 

available in industry [22-24]. Compression molding, 
vacuum molding, pultruding, and resin transfer molding 

[25] are few options. The hand lay-up [26] manufacturing 
process is one of the common techniques to combine resin 
and fabric components. This process allows manual 
insertion of fiber reinforcement into a single-sided mould, 
where resin is then forced through fiber mats using hand 
rollers. A primary advantage to the hand lay-up technique is 
its ability to fabricate very large, complex parts with 
reduced manufacturing times. Additional benefits of hand 
lay-up process are simple equipment and tooling that are 
relatively less expensive than other manufacturing 
processes. All composite specimens were manufactured 
using hand lay-up process. 

(a)

(b)

 

Fig. 2. (a) Pure epoxy and (b) glass fiber reinforced composite. 

Test specimens 

The composite specimens were produced in rectangular 
size as per ASTM standards ASTM D638 (165x19x4 mm) 
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for tensile tests and ASTM D790 (130x12x4 mm) for 

flexural tests as shown in Fig. 2. 

 
Test apparatus and procedure 

All experimental tests were carried out at central institute of 
plastic engineering and technology (CIPET) PANIPAT. 

Tensile test: The tensile tests were conducted on Autograph 
Machine. These tests were carried out on rectangular 
specimens (165 x 19 cm) at room temperature. Specimens 
were placed in the grips and were and pulled until failure. 
The test speed was 5mm/min as per ASTM D638 and an 
extensometer/strain gauge was used to determine the 

elongation and tensile modulus. Fig. 3 shows the tensile 
testing apparatus for the various composites. 
 

Gripper

Composite Specimen

 

Fig. 3. Tensile testing on autograph machine. 

Flexural test: Flexural testing was carried on rectangular 
specimens (130 x 12 mm) of composite using Autograph 
Machine at ambient temperature according to the procedure 
described in ASTM D- 790.  The test was initiated by 
applying the load on the specimen at the specified rate.  
The deflection was measured by a gauge under the 
specimen in contact with it in the center of the support 

span. Fig. 4 shows the flexural testing apparatus for the 
various composites. 
 

Composite Specimen

Support

Load

 
 

Fig. 4. Flexural (three point bending) test on autograph machine 

 

Results and discussion 

Tensile strength 

Ultimate tensile strength (UTS) often shortened to tensile 
strength (TS) or ultimate strength is the maximum stress 
that a material can withstand while being stretched or 
pulled before necking, which is when the specimen's cross-
section starts to significantly contract. It is an intensive 

property; therefore its value does not depend on the size of 
the test specimen, it is dependent on other factors, such as 
the preparation of the specimen, the presence of surface 
defects, and the temperature of the test environment and 
material. The tensile strength of a fiber reinforced 
composite (Tsc) depends on the bonding between the fibers 
and the matrix. The function of the matrix is to transfer the 
stresses to the load bearing fibers. The tensile strength for 
any composite specimens is given by rule of mixtures, 

which is represented by equation 1 [27]. 
 

Tsc = Vf σf +Vm σm……………….. (1) 

where, Tsc: tensile strength of the composite. 
       σf : average stress in the fibers 
       σm : average stress in the matrix 
       Vm: volume fraction of the matrix 
       Vf : volume fraction of the fibers 
 

(a)

(b) (c)

 
 

Fig. 5. Force v/s deflection curve for (a) P.E., (b) GFREC 10%wt, (c) 
GFREC 20%wt fraction for tensile test. 
 

 
 

Fig. 6. Comparison of force v/s deflection plot for (P.E, GFREC 10% and 
GFREC 20%) tensile test. 
 

The characterization of the composites reveals that the 
content of fiber has significant effect on the mechanical 
properties. The force v/s deflection graphs were plotted 
using tensile test for P.E, GFREC 10% weight fraction and 

GFREC 20% weight fraction shown in Fig. 5(a-c). The 
comparison of force v/s deflection for  all the specimens of 

tensile tests show in Fig. 6, which revealed that maximum 
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force carrying capacity increase with the increasing in fiber 
content in epoxy matrix. The experimental results of tensile 
tests of composites with different weight fraction of 

reinforcement are presented in Table 1. 

 

Table 1 Experimental results for tensile test 

Composites Max. Force

N

Tensile Strength

MPa

Strain

%

Break _force

N

P.E 3471.79 44.1607 6.742 3460.78

GFREC 10%wt 3758.44 47.7994 5.231 3758.44

GFREC 20%wt 3976.80 50.5670 1.574 3962.73
 

 
The tensile strength values obtained for various 

composite specimens are presented in Fig. 7 the tensile 
strength of the composite increases with increase in fiber 
content because the glass fibers are the main load carrying 
members and matrix acts as stress transfer medium and 
when the load increase maximum stress it taken up by the 
fibers. 
 

 
 

Fig. 7. Effect of glass fiber content on tensile strength of various 
composites. 

 
Flexural strength 

Flexural strength is also known as modulus of rupture, 
bends strength, or fracture strength, which is mechanical 
parameter of materials. It is defined as a material's ability to 
resist deformation under bending loads. The transverse 
bending test is most frequently employed, in which a rod 
specimen having either a circular or rectangular cross-
section is bent until fracture occurs using a three point 
flexural test technique. The flexural strength represents the 
highest stress bearing capacity of the material at its moment 
of rupture. It is measured in terms of stress, which is given 

by equation 2 [27] for a rectangular sample under a load in 
a three-point bending test, 

 

3
22

  FL

bd
……………….. (2) 

 
where, F, is the load (N) at the fracture point. 

       L, is the length of the support span. 
       B, is width of rectangular section. 
       D, is thickness of rectangular section. 

(a) (b)

(c)

 
 
Fig. 8. Force v/s deflection curve for (a) PE, (b) GFREC 10%wt, (c) 
GFREC 20%wt fraction for flexural test. 

 

 
 

Fig. 9. Comparison of force v/s deflection plot for (P.E. , GFREC 10% 
and GFREC 20% flexural test). 
 

Table 2. Experimental results for flexural test. 
 

Composites Max. Force

N

Flexural Strength

MPa

Break_ Force

N

P.E 76.08 56.24 69.97

GFREC 10%wt 140.797 109.315 138.688

GFREC 20%wt 162.188 125.781 150.828
 

 
From the flexural test results force v/s deflection graphs 

were plotted for P.E, GFREC 10%wt and GFREC 20%wt 

fraction shown in Fig.  8 (a-c). The comparisons between 

the flexural tests of all specimens are show in Fig. 9. The 
plots show that with increase in fiber content in epoxy the 
flexural strength also increases. The experimental results of 
flexural tests of composites with different weight fraction of 

reinforcement are presented in Table 2. The comparison of 

flexural strength of various composites are shown in Fig. 

10, which shows that with increase in weight fraction/ 
content of fibers the flexural strength increases due to the 
increased stiffness of composites. Glass fibers are lighter in 
weight and are stiffer which resists bending loads. 
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Fig. 10. Effect of glass fiber content on flexural strength of composites. 
 

 

Fig. 11. Nodal solution of tensile test for GFREC 20%wt. 

 
Finite element analysis scheme 

With the advancement of computers, finite element analysis 

[6] has become one of the most important tools available to 
an engineer for design analysis. The finite element method 
is one of the most general procedures for solving complex 
analysis problems. For performing finite element analysis 
the material was considered to be isotropic in nature and 
the boundary condition and load conditions applied were 
similar to the experimental condition. The element type 

used for ANSYS work was solid 8-node 45 [23] and the 
values of young modulus and poison ratio were taken from 
experimental results. The force v/s deflection plots were 
plotted using ANSYS data and the comparisons were made 
with experimental results. 

The nodal solution of tensile test by using ANSYS is 

shown in Fig. 11. The experimental results of all the 
specimens for tensile test were compared with ANSYS 

results and are shown in Fig. 12(a-c). The nodal solution of 

flexural tests by using ANSYS is shown in Fig. 13. The 
experimental flexural test results of all the specimens were 

compared with ANSYS results and are shown in Fig. 14(a-

c). 

 

(a) (b)

(c)

 
 

Fig. 12. Comparison of force v/s deflection curve for (a) PE, (b) GFREC 
10% and (c) GFREC 20%. 
 
 

 

Fig. 13. Nodal solution of flexural test for GFREC 20%wt 
 

 
Results revealed that tensile and flexural results for 

numerical analysis are better than experimental results. This 
deviation of results occurred due to manufacturing defects 
of composites like blow holes, porosity etc. Further in 
analysis part isotropic behavior was considered, but it is not 
possible to achieve isotropic behavior practically using 
random oriented fibers due to stress concentrations at fiber 
ends. 
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(a) (b)

(c)

 

Fig. 14. Comparison of force v/s deflection curve for a) PE, b) GFREC 
10% and c) GFREC 20%. 
 

Conclusion 

The present investigations of mechanical behavior of glass 
fiber reinforced epoxy composites revealed that the tensile 
strength and flexural strength is greatly influenced by the 
fiber content/ weight fraction of reinforcement in matrix. A 
reinforced composite shows more tensile and flexural 
strength than unreinforced epoxy. With increase in 20 % of 
weight fraction of glass fibers over pure epoxy, the tensile 
strength and flexural strength increased by 14.5 % and 
123.65%. The contribution to flexural strength is more than 
tensile strength due to presence of glass fibers which 
increased the overall stiffness of composites. The value of 
young modulus of elasticity also increased with increase in 
weight fraction of material, which signifies increased 
strength and reduced strain. The finite element analysis of 
glass fiber reinforced epoxy composite has generated the 
detailed quantitative data about the failure morphology of 
the composites. For tensile tests maximum stresses are 
occurring at centre of specimen from where fracture starts. 
In flexural testing also maximum stresses are occurring at 
the point where load is applied and breaking starts from 
here. Both the results of finite element analysis and 
experimental analysis are in good agreement.  
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