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Abstract: Hybrid type of composites have considerable 
budding for certain specific strength and stiffness, efficacious in 
industries such as submarines, aerospace, and medium duty
automotives. The macroscopic and microscopic properties of the 
hybrid composites can be enhanced by making the various 
layers of the epoxy and Kevlar in various directions. The lay up 
using the epoxy in various combinations can lead to promote the 
mechanical properties. Each of the constituent present in the 
Kevlar composite can make the difference in the tensile strength, 
bonding strength. The experiments with various combinations 
of the resin and hardener are always there in the researchers 
mind to find the effects of each individual over the other 
properties of the composite. In this voyage the optimal mix of 
that particular element in this instance the epoxy usage influence 
will be found out. The mechanical properties such as the tensile 
strength, binding strength in between the fabric and matrix will 
be found. 3 unique sheets, namely P (3:2), Q (4:1) and R (2:3) 
are fixed by the hand layup procedure to make a conglomerate 
composite. Experimental analysis in accordance with the ASTM 
standards of 3039, are exhibited to paramount the mechanical 
properties. Delamination tests are then performed as per ASTM 
standard to find out the inter layer laminar strength in between 
the Kevlar fiber and glass layers. The outcomes archived 
indicate that sample of glass/Kevlar fiber-based hybrid 
composite in the mix of 3:2 in lamination is best with respect to 
mechanical properties and it has also shown the least swelling 
ratio, in addition to it material system composed of 4:1 mix 
details the optimal adhesion capabilities and inter laminar 
properties.

Index Terms: Mechanical characterization, Evaluation, 
epoxy, Lamination, Kevlar, Composites.

I. INTRODUCTION

Composite materials usually made by different distinct 
process few of them are metal matrix composites and fiber-
based composites [1]. In any composite the main constituent
property that holds the major role is the binding strength in 
between the inter laminar layers. The strength depends on the 
quantity and quality of the resin, fiber and hardener used. It 
also depends upon the orientation of the fiber and also the no 
of layers of the ply [2]. Likewise, since ages the interest to 
explore the various facets of the composite material that 
improvises the mechanical strength, binding energy and inter 
laminar holding ability. The idea to make the composite has 
come due to the search for the high strength and temperature 
resistant materials [3]. It has started from the metals then it 
went to alloys phase then after the search has stopped at the 
composite materials. The reason for it lies upon the properties 
that composite material possesses [4]. Even though the 
composite material is made by the different materials of 

different properties as a whole it has started showing the best 
properties that no one has shown individually. If each
constituent is considered separately for the fabrication of a 
new composite material, it has shown the most adorable 
result. That is each of the constituent material has some 
distinct properties for example some of brittle in nature some 
are ductile in nature, but such distinct materials together have
produced a composite material that has both good properties
of the parent materials [5]. Usually, it can be experienced in 
the material world that the materials which strong in tensile 
strength ate week in compressive strength and vice versa. But 
a composite material is the one which has the best tensile
strength and compressive strength together [6]. It is because 
of the fact that all original materials possess the isotropic
properties and the composite material is anisotropic material. 
In any distinct position its properties are not same [7].

This feature is obtained to the composite material due the 
multi-layer foundation it has and also these layers are been 
bound together by the epoxy resin combined with the silicon 
powder and hardener. Along with the time the evaluation of 
the composites is also changed and they broadly divided into 
MMC, PMC and CMC. MMC is Metal Matric Composite in 
which the main constituent or dominant material is metal. In 
the PMC i.e., Polymer Matric Composites the base materials 
are the polymer and the last one is CMC means Ceramic 
Matrix Composites these are been fabricated by ceramic 
materials as the base materials. In the present work the Kevlar 
epoxy reinforced composite material is used for the 
determination of the mechanical properties and also to find 
the effects of the epoxy are been analyzed. The main reason 
behind selecting the Kevlar composite is due its light weight, 
high strength, high wear resisting ability. The Kevlar fiber 
materials are used vividly in the aerospace applications to 
make the air crafts and space crafts and also it is used in novel 
marine structural applications [8,9,10]. With respect to 
strength comparison the Kevlar composites are about five 
times better than steel. High strength to weight ratio, low wear 
ability and light weight have made arena towards the popular 
utilization in the aero space applications. The inter atomic 
bonding present in the Kevlar composite is much stronger 
than the conventional van der walls intermolecular 
connection. But to make the usage of these materials more in
terms of cost criterion and hybrid composites came into 
existence [11,12]. Since the fabrication of the hybrid 
composites have started the making cost is reduced and the 
wide spread usability of the Kevlar/ e-glass composites has 
increased [13]. There are numerous applications that has 
begun since after glass fiber hybrid composites have made 
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particularly in the electronic applications, printed wire 
boards, circuit boards etc [14,15,16]. The lay direction, 
Kevlar fibre angle, no of plies, resin to hardener ratio, volume 
fraction etc. are the key parameters in deciding the strength 
and other mechanical properties of the Kevlar / e-glass hybrid 
composites. Out of all the binding ability of the adhesive 
material and the resin, hardener majorly make the matrix 
phase that influence the overall competency of the composite. 

II. EXPERIMENT

A. Preparation of the Speciemen 
In making the E-glass based composite with Kevlar-49

every layer is prepared with a thickness of about 0.5 mm 
coupled with the hardener and epoxy resin in a of industrial 
grade for strong adhesive quality for the preparation of the 
hybrid composites [17,18]. The fabrication begins with the 
sandwich manner in which the Kevlar-49 fiber is kept in the 
middle and the e-glass is covered from the top and bottom. In 
present experimental analysis the laminates of hybrid 
composites (P, Q, and R) are prepared as shown in Figure 1.
During the fabrication the quantities of the epoxy resin &
hardener are made with hand layup procedure. It is tabulated 
in Table I. The properties of materials viz E-glass, epoxy, and 
Kevlar are detailed in Table II [19,20].

Figure 1. Fabricated Specimens using various ratios of resins 

TABLE I.
LAYUP PROCEDURE OF FIBERS

Layer details P Q R
No of layers 3 3 3

E-glass 2 2 2
Kevlar-49 fiber 1 1 1

epoxy/ resin 2 3 4
Hardener 3 2 1

TABLE II.
PROPERTIES OF MATERIALS

Parameter E-glass Kevlar Epoxy
Strength of Fiber 340 2761 -

Strength of 
Laminate 

1510 1445 13-41

Laminate 
Density (g/cc)

2.596 1.48 1-1.13

Strength to 
Weight ratio

559 989 27

B. Mechanical Testing-Tensile Test
It is a test intended to know the tensile strength of the given 

specimen. At first the specimens are shaped into the following 
shown Figure 2. and Figure 3. to insert them in the tensile 
testing machine. Usually there is no specific tensile testing 
machine but on the Universal testing machine only the tensile
testing will be performed. The testing is performed as per the 
ASTM standards. 

Figure 2. Test specimen for tensile testing in Universal testing machine

Figure 3. Tensile Test UTM machine

The 3 specimens are of dimensions thickness = 5mm, width 
= 24mm and length = 150mm are used for the tensile testing. 
The applied load will start from 0kN to and reach up to 5kN. 
For the three samples P,Q and R tensile strength, strain rate, 
ultimate load, ultimate stress and associated parameters will 
be found [21,22].

C.  Removal (Peel) Test
The peel removal test is one of the important test that shoes 

the ability of the plies of the composite material that bind 
together. There were many ways to perform this test out of 
which most commonly used tests are 90o and 180o [23,24].
Here in the present work the 90o peel removal test is used in 
this the plies are forcefully removed one after another gently 
perpendicular to the workpiece. See Figure 4. 
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Figure 4. Peel removal test

For the 90opeel removal test. The more is the force required 
to peel off the strong is the material and its internal bonding, 
it is as simple as this and vice versa. The measurement of this 
peel removing is done as force required for unit length. That 
means N/mm. The results pertaining to the peel removal test 
are given in the results and conclusions section [25,26].

III. MECHANICAL TESTING

A. Testing of HARDNESS
Hardness of the composite material is one of the significant 

parameters to be considered while defining its strength. Here 
in the present work the hardness of the composite material is 
been tested on the Rockwell hardness test machine that can
show the C number based on that its hardness characteristics 
can be defined. As shown in the Figure 5. the prepared 
composite material sample is kept on the pan and an indenter 
will apply force on the surface of the material and based on 
the impression made by the indenter the hardness value will 
be computed, in other words hardness is the ability of the 
material to withstand the load against failure. The results of 
the hardness test are given in the results and discussion 
section [27,28,29].

Figure 5. Rockwell hardness testing

B. Testing of Density 
This is one of the fundamental and important tests to 

ascertain the packing of the material in the given volume. It 
will lay an arena to understand the material dispersity and 
uniformity of packing within the given volume. The 
dimensions of prepared composite specimen considered for 
testing of the density is length =24 mm, width = 24 mm and 
thickness = 0.2 mm. The density of the sample is found by 
keeping the sample in the cuboid channel closely such that no 
gaps will be found and based on the weight of the material 
that has occupied for unit volume its density will be assessed 
and can be expressed in [30,31].

C. Water Absorption Test
This is the test performed to assess the ability of the 

composite material to show its intendedness to absorb the 
water. This quality of the material to absorb the water when 
immersed in the water containing vessel signifies the quality 
of the material [32,33]. To perform the test at first the sample 
is weighed and then it is immersed completely in distilled 
water for about 24 hours at room temperature i.e., 30oC as 
shown in Figure 6. After the time got lapsed then the sample 
is been taken out and then its weight will be tested based on 
the difference in the weights the composite material strength 
will be assessed. 

Figure 6. Test set up for water absorption 

IV. RESULTS AND DISCUSSIONS

A. Tensile Test
The results of the tensile test are given in the below Figure

7., Figure 8. and Figure 9. As the 3 samples are prepared from 
3 different compositions the variations in the tensile strength 
are clearly distinguished. From the Figure 7. For the sample 
P it can be evident that at the strain of 3 mm the tensile 
strength has changed the slope and increased steeply. The 
highest tensile strength is observed as 1987 MPa at strain of 
5.87mm.
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Figure 7. Sample P

Figure 8. Sample Q

From the Figure 8. For the sample Q it can be evident that 
at the strain of 3 mm the tensile strength has changed the slope 
and increased steeply again at the strain of 5 mm the tensile 
strength has changed its slope and shown a steady downfall. 
However, the net tensile strength is increased to the end and 
its value is found to be maximum at 6 mm of strain and 
corresponding tensile strength is 779 MPa.

Figure 9. Sample R

From the Figure 9 For the sample R the strength vs strain 
curve is quite similar to the mild steel. That is the test results 
have yielded similar properties of isotropic material such as 
mild steel or aluminum even though the material used is an
anisotropic (composite material). The tensile strength is 
increased till 3.5mm of strain and its value has reached 145 
MPa and then it reached to local peak of 160 MPa at 4.5 mm. 
Then it fell down to a value of 142 MPa at 6.7 mm of strain. 
In similar fashion it has attained to a peak of 175 MPa for the 
strain of 7.8mm. Then it went on declining and reached to 
least value of 105 MPa for the strain of 14.8mm. 

B. Peel off Test

Peel off test results shows the significant outcomes in terms 
of binding strength of the composite material. From Figure
10, Figure 11 and Figure 12 it can be seen that for the sample 
Q there is a steady and uniform range in peel force is 
observed. For the sample P and sample R the peel off force 
has shown more variations in the considered range. As the 
three samples were made from three different sources of 
materials hence the peel off force required is also altered 
accordingly. But as a whole the sample P, Q have resulted in 
similar outcomes and sample R has shown quite less peel off 
force. 

Figure 10. Sample P
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Figure 11. Sample Q

Figure 12. Sample R

C. Hardness Test
The hardness for the samples P,Q and R have resulted in 

different outcomes as it can be seen in Figure 13. Sample P
has obtained the hardness value of 94.887 and sample Q has 
observed 91.66 and sample R has observed 83.67. From this 
outcomes it can be witnessed that sample P is harder among 
the three samples and sample R is least in hardness. 

Figure 13. Hardness test results

D. Density Test
The outcomes of the density test are given below in Figure

14. In the graph three parameters are interpreted and they 
have shown the sample P density is higher than other samples 
and the density is found least for sample R. However, sample 
Q and R density are nearer compared P and Q. The weights 
and Mean values are also obtained in similar fashion.

Figure 14. Density test results

E. Water Absorption Test
The water absorption test has yielded the result of 

material strength with respect to swelling ratio. The swelling 
ratio can be calculated using below equation no 1. 

Swelling ratio % = ( )*100        (1)
Out of the three samples analyzed the sample B has got 

more swollen and its swelling ratio is 1.31 followed by A 1.23 
and least swelling ratio is for sample C i.e., 1.19. Usually, the 
materials with less swelling ratio are preferrable for all 
practical purposes. 

Figure 15. Water absorption test results
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V. CONCLUSIONS

From the above experimental analysis, it can be 
concluded that the samples three have shown the significant 
outcomes with respect to the mechanical properties. 
However, the following observatory conclusions are arrived 
by the end of the experimental and testing work. 

Tensile test has shown that P is stronger than 
other two.
Peel off test has shown that sample P and Q are 
moderate and sample R is stronger.
According to hardness test sample P is harder 
among all.
As per density test sample P is denser than all 
other samples.
As per water absorption test Q and P are stronger 
followed by R.

As a whole sample P is preparatory method and 
composition is suggested for further analytical investigations. 
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