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ABSTRACT 
Interlaminar shear properties of the fiber reinforced polymer composites are very important in many structured applications. Use 

of glass fiber reinforced polymer composite material for structural applications has increased because of their high specific 

stiffness/strength, especially for applications where weight reduction is critical. This study is focused on the Inter laminar shear 

(ILSS) and water absorption behavior of Fiber-Reinforced Composite material. The E-glass fiber (600 Woven Fabric) and epoxy 

(LY556) materials with different orientation of fiber(30º, 45º)were manufactured 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 both the experiments. The specimens of water 

absorption test and Inter laminar shear stress samples were cut in square shape and flat bar shape respectively. After that, those 

tests were carried out in water contained bowl and Universal testing machine (UTM) with suitable (ILSS) fixture respectively. 

Water absorption test and Inter laminar shear stresswere observed and compared each other with (30º, 45º) orientation of fiber. 

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

 

KEYWORDS:  orientation, moisture test, universal testing machine 
 

INTRODUCTION 
 

Basically glass fibersare available in various forms such as fibers, woven roving’s, chopped strands, yarns, 
fabrics, mats. In this study woven roving has taken into account. One of the most attractive candidates to 
composite materials is the automotive industry. As continuous fiber- reinforced composites provide good 
mechanical properties, they have been increasingly used in many lightweight structures such as structural 
automotive parts apart from that it is used in dental application, marine, infrastructure and building construction, 
inner house decoration and furniture, medical applications (e.g. bone plates for fracture fixation, implants, and 
prosthetics), sports equipment, electronics (e.g. printed circuit boards) and other industrial products (e.g. step 
ladders, oxygen tanks, and power transmission shafts) and boats, bath tubs and enclosures, swimming pools, hot 
tubs, septic tanks, water tanks, roofing, pipes, cladding, casts, surfboards. Even though it’s wide applications, it 
is very less in cost and easily available, that’s why it is widely used in these Engineering applications andmass 
production can be possible in glass fiber ever. 

 
Material Selection: 
2.1 E-Glass Fiber: 
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E-Glass (600 Woven Fabric) fiber also called fiberglass. It is material made from extremely fine fibers of 
glass. Fiberglass is a strong lightweight material and is used for many products. Although it is not as strong and 
stiff as composites based on carbon fiber, it
strength and weight are also better than many metals
Glass is the oldest, and most familiar, performance fiber. 

 
2.2 Epoxy Resin: 

Basically Epoxy resin is used with its hardner (HY951) 
and are cured into the finished plastics by a catalyst. They are cured at room temperatures as well as
temperatures of about 275º. The resin of
following outstanding properties has been used as the matrix material.

 
a) Free from internal stresses. 
b) Excellent mechanical and electrical properties.
Such as 
• Odourless, 
• Tasteless and completely nontoxic.
• Negligible shrinkage. 
c) Excellent adhesion to different materials.
d) High resistance to chemical and atmospheric attack. High dimensional stability.
 

Die Preparation: 
First of all the mould for the composite is prepared. We h

the preparation of required composite. A clean smoothed surfaced 
thoroughly. We give a cover to the steel plate with a non
figure.1) was covered with a mould release sheet.

 

Fig. 1: (a).Moulds for Making Composite Plates
 

 
Fig. 2: Moulds for Making Composite Plates

 
Preparation Of Resin And Hardner:
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0 Woven Fabric) fiber also called fiberglass. It is material made from extremely fine fibers of 
Fiberglass is a strong lightweight material and is used for many products. Although it is not as strong and 

stiff as composites based on carbon fiber, it is less brittle, and its raw materials are much cheaper. Its bulk 
strength and weight are also better than many metals, and it can be easily formed using molding processes. 
Glass is the oldest, and most familiar, performance fiber.  

cally Epoxy resin is used with its hardner (HY951) 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

. 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. 

b) Excellent mechanical and electrical properties. 

d completely nontoxic. 

c) Excellent adhesion to different materials. 
d) High resistance to chemical and atmospheric attack. High dimensional stability. 

First of all the mould for the composite is prepared. We have to prepare moulds of size 210 x 15
the preparation of required composite. A clean smoothed surfaced mild steel plate is taken and washed 
thoroughly. We give a cover to the steel plate with a non-reactive thin plastic sheet. The Steel plate (as shown 
figure.1) was covered with a mould release sheet. 

Moulds for Making Composite PlatesFigure 1(b).Covering Plates 

Moulds for Making Composite Plates 

: 
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0 Woven Fabric) fiber also called fiberglass. It is material made from extremely fine fibers of 
Fiberglass is a strong lightweight material and is used for many products. Although it is not as strong and 

is less brittle, and its raw materials are much cheaper. Its bulk 
, and it can be easily formed using molding processes. 

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 

1.2gm/cc at 298K. It having the 

prepare moulds of size 210 x 150 mm for 
plate is taken and washed 

reactive thin plastic sheet. The Steel plate (as shown in 
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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: Hardner and Epoxy Resin 

 

 
 
Fig. 4: Mixing with Epoxy and Hardner 

 
5. 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 
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 %Wf = 0.688 grams 
 
Weight of fiber  in the composite: 

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

 
Weight of the resign: 

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

 
Check list: 

Mc = Wf + Wr 
172.935         = 118.97 + 53.95 => 172.92 
Where, 
ρc   =Density ofcomposite  V c  = Volume of Composite 
ρf  = Density of fiber   V f   = Volume of fiber 
ρm  = Density of matrix  V m = Volume of matrix 
M c = Mass of Composite   Wf&W m= Weight of fiber & Matrix 

 
6. Manufacturing Of Composite Plate By Using Hand Lay – Up: 

Glass fiber material consisting of extremely thin fibers about 0.005–0.010 mm in diameter. The fabric-
woven are available in the standard form of 600 woven. The 600 woven fabrics are cut into the required size & 
shape. Those are stacked layer by layer of about 12 layers to attain the thickness of 5 mm as per the ASTM 
Standard Specimen. Bonding agent (epoxy resin) is applied to create bonding between fiber sheets. Epoxy is a 
copolymer; that is, it is formed from two different chemicals. These are referred to as the "resin" and the 
hardener". The resin consists of monomers or short chain polymers with an epoxide group at either end. The 
process is called polymerization, and can be controlled through temperature and choice of resin and hardener 
compounds; the process can take minutes to hours. 

In this work the composite laminate is prepared using compression moulding technique. Here ten plies of E-
glass fiber are taken in one over the other and epoxy resin is used as an adhesive. The size of the mould taken is 
210 mm × 150 mm x 3mm. 
 
Table 1: list of ingredients to prepare a composite laminate 

Type of resin Epoxy 
Type of fiber E-Glass (600 Woven Fabric) 
Hardner used HY 951 
No.Plies per laminate 12 
Nature of Laminate Symmetric Type 
Method of Preparation Hand lay-up technique 

 
Initially the glass fiber is to be cut in required shape of the size 210 × 150 ×10mm of required orientation. 

Two plies of positive orientation (anti-clockwise) and other two in negative orientation (clockwise) are to be 
prepared. A thin plastic sheet is used at the top and bottom of the mould in order get good surface finish for the 
laminate. The mould has to be cleaned well after that PVA (Poly Vinyl Acetate) is applied in order to avoid 
sticking of the laminate to the mould after curing of the laminate. Then a ply of positive orientation is taken is 
placed over the sheet. 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. Then on this ply, other ply of negative orientation (clock 
wise) is placed, after this, other two plies are placed and rolling is done. After the rolling of all plies, the 
covering sheet (plastic sheet) is placed and the mould is closed with the upper plate. 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. 
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Fig. 5: Marking the Fiber Sheet                     Fig. 6: Cutting of Fiber Sheet   

 
Figu. 7: Safety aid’s                   Fig. 8: Analog weighing machine 

 

 
 
Fig. 9: Applied the resin Bottom of Jig                Fig. 10: After Curing the Fiber Plate 
 

 
 
Fig. 11: After Machined Fiber Plate 



262               K.Varun Yadav., 2016/ Advances in Natural and Applied Sciences. 10(3) March 2016, Pages: 257-265 

 

Standard Specimen Size as Per Astm: 
Here specimen standards as per the ASTM have given for Inter laminar shear stress, water absorption test 

specimens 

 
Fig. 12: Inter laminar shear stress (D2344) specimen 

 
Fig. 13: Water absorption test (D570) specimen 

 
Interlaminar Shear Stress Test: 

 

 
Fig. 14: Interlaminar testing machine setup 

 
The ILSS (INTER LAMINAR SHEAR STRESS) specimenswere 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. 
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Table 2: Inter laminar shear stress Test Result 
 Volume Fraction (%) Orientation Samples Peak load [N] 

1 50(fiber) – 50(matrix) 300 
1 1702.604 
2 956.230 

2 50(fiber) – 50(matrix) 450 
1 414.927 
2 205.245 

 

 
 
Fig. 15(a): ILSS Test Specimen                                  Fig. 15(b): ILSS Test Specimen 

 

 
 
Graph. 1: graph plotted between 30º and 45º  

 
Water Absorption Test: 

The Water absorption 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 for the Result 
 
Table 3: Water absorption Test 

S.no Volume Fraction (%) Orientation Samples 
Weight 
before test in 
gms 

Weight after 
test in gms     
(24 hrs) 

% of Water absorption 

1 50(fiber) – 50(matrix) 300 
1 3.72 4.02 8.1 
2 3.46 3.88 12.1 

2 50(fiber) – 50(matrix) 450 
1 3.66 4.09 3.1 
2 4.34 4.97 8.1 
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Fig. 16(a): Water absorption Test Specimen                 Fig. 16(b): Water absorption Test Specimen 

 

 
Fig. 17: Water absorption set up 

 

 
 
Graph. 2: graph plotted between 30º and 45º  

 
Conclusion: 

Based on these observation under both (30º, 45º) orientations the composite behaviors were compared with 
each other, where in the case of Inter laminar shear test 30º specimen has better results when compare to the 45º 
specimen, similarly in the case of water absorption test the 45º specimen has better results. So we can use 45º 
orientation fibers at the moisture regions of day-to-day applications instead of existing things and it is used in 
Sub-sea installation protection covers and also in Traffic lights, Ship hulls, Water pipes, Helicopter rotor blades, 
Surfboards, tent poles. Apart from that glass fiber has good strength, even though it’s very less weight that’s 
why it utilized in the structural chambers in the automobiles, that is what proved here. 
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