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ABSTRACT

The Glass fiber reinforced polymer composite strengths has been estimated. The glass fiber Tensile strength
and Stress intensity factor has been estimated an investigation with different ply orientation. To find the fracture
parameter K with the help of crack mouth opening displacement method (CMOD). Initially a six layered
unidirectional stitched oven mat is cast into a laminate. A six layered cross ply is also cast into a laminate and the
CTOD is fabricated according to ASTM D3039 and ASTM D 5045 standard. To determine Tensile Test and the K,
it is proposed to use clip gauge to measure the crack mouth opening displacement and K will be estimated from the
plot of load against displacement. From these results we known strength of cross ply laminates are lower than the
unidirectional laminate.
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1. INREODUCTION

In the technologically advanced era that we currently live in, there is a rising demand for low cost and more
durable materials for a wide variety of applications. Conventionally, metals and metal alloys are used to
manufacture almost everything. Then the invention of plastics brought a revolution where plastics started replacing
metal components. It is easy to mould plastics into any complex form and also they are light weight and durable.
The initial expensiveness of plastics has reduced considerably after the demand for plastics grew and simple low cost
manufacturing processes were invented. However, plastics cannot be used for applications that require high strength
like in the case of aerospace and automobile industries. Hence, a material with high strength to weight ratio was
required and as a consequence, composite materials were developed and this field is now the attractive area of
Research both for Engineers as well as academicians.

A composite material is formed by the combination of two or more materials that have different properties.
The different constituents of the composite material when bonded together as a composite exhibit enhanced
properties better than that in their separate form. A common misconception is the assumption of a composite material
as an alloy. This is not true because the constituents of an alloy are completely dissolved at the microscopic level
whereas in case of a composite material, they are bonded only at a macroscopic level. A composite material is made
up of two basic constituents, namely, a matrix and the reinforcement. The reinforcement is usually the constituent
that provides the composite with its strength. It can be either in particulate form or fibers. The matrix is the
constituent that surrounds and binds the reinforcement as well as serves the protection against damage. It also aids
in the distribution of the applied load to the reinforcement.

2. FABRICATION OF MATERIAL
It is made using the following constituents,

e Glass Fiber

e Natural Rubber

e Resin (LY556)

e Hardener (HY951)
Fabrication of Laminate: The required ingredients of resin, hardener and glass fiber and natural rubber were mixed
thoroughly. Compression molding provides higher performance when compared to other molding process. So the
fabrication of the polymer matrix composite was done by compression molding process. A pressure of 22 psi is used
during the compression molding process. Taking away the excess resin leads to a composite material with higher
fiber content and as a result, it has good mechanical properties.

Six layers of dimension 30x30 cm? are taken. Combined materials are kept on compression molding machine
by covering with milor sheet. Sheet is fabricated by taking resin and Hardener in 10:1 ratio. Load applied on the
sheet by switching on the compression molding machine. The sheet is left for curing. Curing was done at room
temperature.

Laminate Measurements:
Tensile Test Measurements: The laminate measurements according to ASTM (D 3039) standard are as follows:
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Table.l. Tensile test measurements
Specimen type Length (mm) | Width (mm) | Thickness (mm)
Uni — directional 295 12.4 7.5
Cross ply 295 12.4 6.7
1% rubber unidirectional 295 12.4 8.5
1% rubber cross ply 295 12.4 9.0

Stress Intensity Factor Test Measurements: The laminate measurements according to ASTM (D 5045) standard
are as follows:
Table.2. Stress intensity factor test measurements

Specimen type Length (mm) Width (mm) | Thickness (mm)
Uni directional 70 50 7.5
Cross ply 70 50 6.7
1% rubber unidirectional 70 50 8.5
1% rubber cross ply 70 50 9.0

Material strength tests: Material strength experiment for Glass fiber reinforced polymer composite was conducted
as per ASTM standards. The test was done at thrice. All the details of specimen, experimental procedure, and
formulae used for computation are with respect to the ASTM standards.

Test for Tensile Strength: Three experiments each are conducted for both uni — directional and cross ply laminate.
Before starting the test all the specimen dimensions are measured and noted down, then the specimen is fixed in
between the two fixtures and pins are inserted to hold specimen firmly into the fixture as shown in figure.

Figure.1. Universal Testing Machine Figure.2. Specimen after tensile test
Table.3. Tensile Test Values
Material Layer | Stress (MPA) | Strain | Young’s modulus (GPA)
Uni directional 6 637.4 0.032 19.621
Cross ply 6 275.2 0.020 13.216
1%rubber unidirectional 6 469 0.034 13.99
1%rubber crossply 6 261.5 0.018 14.34

Test for Stress Intensity Factor: Similar to the stress intensity factor test was also carried out for four specimens
each condition. The final result is estimated in terms of strength.

Figure.3. CTOD Testing Machine

Stress Intensity Factor Calculation:
Klc=Y ((3PS V(a/w))/2TW2)
Y=1.9-3.07(a/w)+14.53(a/w)2- 25.11(a/w)3+25.80(a/w)4
p- critical load for crack propagation

- length of the span
a -crack length
t -thickness
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w -width
y -Non dimensional shape factor
Fiber unidirectional: T=7.5mm, P=1.925KN, W=25mm, ‘(a/w) = 0.5, S=70mm, Y=2.47,Klc :106.5Mpa\/m.

Figure.4. Specimen after CTOD test

Table.4.Stress intensity test results

SI. No. Material Kic (MPA) Vm
1 Unidirectional 106.5
2 Cross ply 43
3 1% rubber unidirectional 146
4 1% rubber cross ply 28

3. CONCLUSION

The experiment was done by using natural rubber with fiber and resin with different directions. The project
is mainly compared to natural rubber and fiber, resin the stress intensity factor and tensile test was made by these
laminates. The natural rubber gets more toughness compared to fiber resin.
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