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ABSTRACT 
The present experimental study aims to learning about the mechanical behavior of Fiber-Reinforced Composite material. The E-

glass fiber and epoxy (LY556) materials with several orientation of fiber (0º, 45º) were fabrication using hand layup method with 

the standard dimensions of dies where the stacking of layers was alternate and the volume fraction of fiber and matrix was kept at 

50-50%.The fabricated laminate Specimens were cut according to the ASTM standards for different experiments. The specimens of 

compression test, Moisture test and Inter laminar shear stress samples were cut in rectangular shape, square shape and flat bar 

shape respectively. After that tests carried out under Universal testing machine (UTM) with different suitable fixtures. 

Compressive test Inter laminar shear stress and Moisture test and were observed and compared each other with (0º, 45º) 

orientation of fiber. This study is to be concluded with best orientation of Fiber-Epoxy composite material. 

 

KEYWORDS:  E-glass,Epoxy,Orientation,Testing. 
 

INTRODUCTION 
 

A composite material is defined as a combination of two or more materials. Here the two materials are E 
glass fiber and Epoxy resign.  The fiber is load carrying material and Resin is load distributing materials. That 
results in better properties than those of the individual components used alone. The main advantages of 
composite materials are their high strength and stiffness, combined with low density, when compared with bulk 
materials, allowing for a weight reduction in the finished part. The reinforcement is usually a fibre or a small 
particals. Random fiber composites have dimensions that are approximately equal in all directions. They may be 
spherical, platelets, or any other regular or irregular geometry. A fiber has a length that is much greater than its 
diameter. The length-to-diameter (l/d) ratio is known as the aspect ratio and can vary greatly. Continuous fibres 
have long aspect ratios,while discontinuous fibres have short aspect ratios. Continuous-fibre composites 
normally have a preferred orientation here the orientation is 50% of fiber and 50 % of resign , while 
discontinuous fibres generally have a random orientation. Fibers produce high-strength composites because of 
their small diameter; they contain far fewer defects (normally surface defects) compared to the material 



249                 E.Naveen et al., 2016/ Advances in Natural and Applied Sciences. 10(3) March 2016, Pages: 248-256 

 

produced in bulk. As a general rule, the smaller the diameter of the fibre, the higher its strength, but often the 
cost increases as the diameter becomes smaller. In addition, smaller-diameter high-strength fibres have greater 
flexibility. In that fiber reinforced composite and hybrid material  is prepared by laminate  method. The layer of 
fiber having the different kind of angles used to increase the strength of the fiber . the angles are as followed is 
00,450. The layers are arranged as the one by one respectively.  
 
2.Experimential:  
2.1Glass Fiber:                                   

Glass fibre has a white colour and is available as a dry fiber fabric as shown in Table2.1(Composition 
Range for Glass Fiber). Four major types of Glass Fiber used for composites: E-glass: have good strength & 
electrical resistivity. S 2glass: have 40% higher strength, better retention of properties at elevated temperatures. 
C-glass: have corrosion resistant.  
 
Table 2.1: Composition Range for Glass Fiber 

Content E GLASS S 2 GLASS C GLASS D GLASS 
Oxide % % % % 
SiO2 52-56 64-66 64-68 72-75 
Al2O3 12-16 24-25 3-5 0-1 
B2O3 5-10 - 4-6 21-24 
CaO 16-25 0-0.2 11-15 0-1 
MgO 0-5 9.5-10 2-4 - 
Na2O+K2O 0-2 0-0.2 7-10 0-4 
Fe2O3 0-0.8 0-0.1 0-0.8 0-0.3 

 
2.2 E-Glass Fiber: 

E-Glass (600 Woven Fabric) fiber also called fiberglass. It is material made from extremely fine fibers of 
glass. Fiberglass is a lightweight, extremely strong, and strong material. E-CR-glass Electrical/Chemical 
Resistance; alumino-lime silicate with less than 1%  alkali oxides, with high acid resistance.Although strength 
properties are somewhat lower than carbon fiber and it is less stiff, the material is typically far less brittle, and 
the raw materials are much less expensive. Its bulk strength and weight properties are also very favorable when 
compared to metals, and it can be easily formed using molding processes. Glass is the oldest, and most familiar, 
performance fiber.  

 

 
 
Fig. 2.2.1: E-glass fiber available in the form of Yaras,fabrics,Mats. 
 
Table 2.2.2: The glass fiber standard property  

Materials Density (g/cm3) Tensile Strength (MPa) Young modulus (GPa) 
E-Glass 2.55 2000 80 
S-Glass 2.49 4750 89 
Alumina (Saffil) 3.28 1950 297 
Carbon 2.00 2900 525 
Kevlar 29 1.44 2860 64 
Kevlar 49 1.44 3750 136 

 
2.3 Epoxy Resin: 

Epoxy resins are available in liquid and solid forms and are cured into the finished plastics by a catalyst. 
They are cured at room temperatures as well as elevated temperatures of about 275º. The resin of grade LY-556 
was used of density 1.1-1.2gm/cc at 298K. It having the following outstanding properties has been used as the 
matrix material. 
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a) Excellent adhesion to different materials. 
b) High resistance to chemical and atmospheric attack. High dimensional stability. 
c) Free from internal stresses. 
d) Excellent mechanical and electrical properties. 
    Odorless, tasteless and completely nontoxic. Negligible shrinkage. 
 

3.Material Preparation: 
3.1 Die Preparation: 

The mould box was made with the dimension of 210 mm (L) ×150 mm (W) ×3.0mm (T) mm, the matrix was 
prepared by mixing the hardener to epoxy resin. The epoxy and hardner ratio was maintained at 1:0.5. To get the 
well-cured and a standard-quality specimen, the epoxy and hardener must be mixed smoothly and slowly. Initial 
layer of the mould was filled with epoxy resin mixture and then the appropriate quantity of fibers was placed such 
that epoxy mixture completely spread over the fibers. Before  applying compression, efforts were made to remove 
all bubbles with roller. Finally, the compression pressure was applied evenly to achieve the uniform thickness of 3 
mm and cured for 24 h at room temperature. The obtained composite plate’s are of the size (210 ×150×3) mm3. 

 

 
     

Fig. 3.1,2: Moulds for Making Composite Plates 
 

 
 

Fig. 3.1.3: Die with covering plate 
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3.2 Preparation of resign and hardener: 
For the making of good composite the measurement of the samples should be accurate and the mixture 

should be very uniform. We take accurate amount of polymer which we have calculated earlier and 10% of its 
hardener. Then this mixture is stirred thoroughly till it becomes a bit deep. Bit extra amount of hardener is taken 
for the wastage in the process. Hardener should take very closely because little extra amount of hardener can 
spoil the composite. 

 

      
 
Fig. 3.2.1,2: Hardner and Epoxy Resin and both are mixed in a bowl 
 
3.3. Volume Fraction Calculation: 

Fiber 50% and Resin 50% 
 
Density of composite: 

ρc = ρfV f + ρmVm 
= 2.56 * 0.5 + 1.1 * 0.5 

 = 1.28 + 0.65 
ρc = 1.83 g/mm3 

 
Volume of Composite: 

Vc = L * W * T 
 = 210 * 150 * 3 
Vc = 94.5 mm3 

 
Mass of Composite: 

Mc = ρc * V c 
 = 1.83 * 94.5 
Mc = 172.935 grams 

 
Percentage of fiber in the composite: 

%Wf = ρf / ρc * V f 
  = 2.56 / 1.83 * 0.5 
%Wf = 0.688 grams 

 
Weight of fiber  in the composite: 

Wf = %Wf * M c 
 = 0.688 * 172.935 
Wf =118.97 grames 

 
Weight of the resin: 

Wr = %Wm * Mc 
 = 0.312 * 172.935 
Wr = 53.95 grams 

 
Check list: 

Mc = Wf + Wr 
172.935         = 118.97 + 53.95 => 172.92 
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Type of resin Epoxy 
Type of fiber E-Glass(450 Woven Fabric) 
Hardner used HY 951 
No.Plies per laminate 12 
Nature of Laminate Symmetric Type 
Method of Preparation Compression Moulding Method 

 
3.4 Manufacturing of composite by using  Hand lay-up method: 

Sufficient amount of resin which is prepared beforehand (hardener of quantity 50% of the resin is to be 
mixed with the resin and get stirred well) is poured over the ply. The resin poured in to the mould uniformly and 
it is rolled in order to get the required bonding using a rolling device. Enough care should be taken to avoid the 
air bubbles formed during rolling. The compression is applied on the fiber- resin mixture by tightening the two 
mould plates uniformly. Enough care should be taken to provide uniform pressure on the laminate while fixing 
plates. After enough curing time (24 hrs) the laminate is removed from the mould plates carefully. 

 

   
(a) Cutting of                 (b) After Curing the 

Fiber Sheet                     Fiber Plate 
 

   
(c) Before curing           (d) After Machined 

Setup                               Fiber plate 
 

3.1 Types of Testing available for composites:  
3.1.1 Moisture test: 

The Moisture specimens were prepared as per the ASTM (D570) standard. Water absorption test, also 
known as moisture test, the mechanical parameter for absorption material, is defined as a material's ability to 
absorb the fluid which may be water or anything. The water absorption test is most rare one, in which a square 
shape specimen which dipped into the fluid for 24 hours, before and after this dipping weight of the specimen 
have observed form the Result. 

 
Fig. 3.1.1.1: Moisture Specimen 
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Fig. 3.1.1.2: Fabrication of Moisture Specimen 
 
3.1.2 Interlaminar Shear strees: 

The ILSS (INTER LAMINAR SHEAR STRESS) specimens were prepared as per the ASTM D2344 
standard. It also carried out under the compression mode, but the fixtures are different to each other. The ILSS 
test involves mounting the specimen in a machine and subjecting it to the compression. The compression 
process involves placing the test specimen in the testing machine and applying compress to it until it fractures. 
The compressed force is recorded as a function of displacement. During the application of compression, the 
elongation of the gauge section is recorded against the applied force. 

 
Fig. 3.1.2.1: Interlaminar Shear Strees 

 

  
Fig. 3.1.2.2: Fabrication of Interlaminar Shaer  strees  

 
3.1.3 Compression test: 

The compression specimen is prepared as per the ASTM D638 standard. A compression test involves 
mounting the specimen in a machine and subjecting it to the compression. The compression process involves 
placing the test specimen in the testing machine and applying compress to it until it fractures. The compressed 
force is recorded as a function of displacement. During the application of compression, the elongation of the 
gauge section is recorded against the applied force. 

 
Fig. 3.1.3.1: Compressive specimen 

 

 
 

Fig. 3.1.3.2: Fabrication of Compression Specimen 
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RESULTS AND DISCUSSION 
 
The above Specimens are prepared and tested in the laboratory. The results all are show the performance of 

composite in different orientation  in the comparison  of (00,450). the following tables all are shown the value 
after conducting the different kind of in test using universal testing machine and water absorption test.   

The graph show the different forms in the performance it will make help to understand the reality what 
happened in the part of the work 

There are the Moisture test, Inter Laminar Sheer Stress, Compression test are listed below.  
 
Table 4.1: Moiture test 

S.no Vol. Fraction (%) Orientation Samples 
Wt. before test 
in gms 

Wt. after test in 
gms      
(24 hrs) 

% of Water 
absorption 

1 50(fiber) – 50(matrix) 00 
1 3.72 4.02 8.1 

2 3.46 3.88 12.1 

2 50(fiber) – 50(matrix) 450 
1 5.15 5.32 3.3 

2 4.19 4.53 8.1 

 

                                  
 

Graph. 1: Moisture test. 
 
Table 4.2: Moisture test 

S.no Volume Fraction (%) Orientation Sample 
Compression Strength 
(N/mm2) 

1 50(fiber) – 50(matrix) 00 
1 1702.604 
2 205.245 

2 50(fiber) – 50(matrix) 450 
1 956.230 
2 414.021 
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Graph. 2: Inter laminar Sheer Strees 
 
Table 4.3: Compressive test 

S.no Volume Fraction (%) Orientation samples Compressive Strength(N/mm2) 

1 60(fiber) – 40(matrix) 00 
1 44.194 
2 4.591 

2 60(fiber) – 40(matrix) 450 
1 88.967 
2 79.157 

 

                                     
 

Graph. 3: Compressive test 
 
Conclusion: 

Based on these observations under both (0º, 45º) orientations the composite behaviors were compared with 
each other, where in the case of Moisture test and Inter laminar shear test 0º specimen has better results when 
compare to the 45º specimen, So we can use 0º orientation fibers at the moisture  of day-to-day applications. the 
compressive test show the better result in 450 compare to 00.  So we can use  external door application instead of 
existing things, likewise we can use 0º orientation fibers at the regions which essentially requires the Tensile 
cum Inter laminar properties apart from that glass fiber has good strength, even though it is very less weight 
that’s why it utilized in the structural chambers in the automobiles, that is what proved here. 
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