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Abstract: The aim of this present topic is to fabricate glass fiber 

reinforced polymer laminates using Hand lay-up and press 

moulding techniques, sample prepared as per ASTM standards. 

These specimens are tested under tensile test, flexural test and 

compressive tests. These laminates will be prepared with varying 

additives. The main theme of this project is to study the strength 

of glass fiber reinforced polymer composites. These composites 

are known to enhance the mechanical properties. In the present 

work, E-glass fiber is incorporated in a polyester resin matrix to 

form bi-directional reinforced composite. 

Keywords:- E-Glass fiber, Additives, Resin, Laminates, ASTM 
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I. INTRODUCTION 

1.1 Composite Materials 

Composite materials are those that are produced by the 

combination of two or more materials to accomplish 

properties that are greater to those of its constituents. In 

general, a composite material is composed of reinforcement 

(fibers, particles, flakes, and/or fillers) embedded in a matrix 

(polymers, metals, or ceramics). The matrix holds the 

reinforcement to form the desired shape while the 

reinforcement improves the overall mechanical properties of 

the matrix. When designed properly, the new combined 

material exhibits better strength than each individual material. 

Most commonly, composite materials have a bulk phase, 

which is continuous, called the matrix, and one dispersed, 

non- continuous, phase called the reinforcement, which is 

usually harder and stronger. 

II. EXPERIMENTAL SET UP 

2.1 Materials and components used: Following is the list of 

materials used while preparing the laminate: 

I. Die. 

II. Resin.  (Ly 556) 

III. Hardener. (Hy 951) 

IV. Glass fibers. (E-glass WOVEN ROVING) 

V. Additives(silicon/slag/whiteclay/graphite) 

VI. Other accessories  

2.2 Preparation for composites 

Material Required For Specimen Preparation 

Preparation for making a composite material is done in two 

phases. 

Phase1: Ply and laminate preparation 

Phase2: Test specimen preparation 

 

Phase1 

2.2.1 Ply preparation 

Bidirectional (woven roving) ply is used in 

preparation of laminates. 

2.2.2 Preparation of bi-directional ply 

Woven roving is cut into 300mm by 300mm 

dimensions. Sixteen such chopped mats are required to form 

the four types of laminates. Woven roving preparation does 

not need much preparation work as required for unidirectional 

plies. 

2.2.3 Manufacturing method for composite Hand lay –up 

It is manual fabrication process. It involves building 

up layers of chopped glass or woven glass mat impregnated 

with catalyzed resin around a suitable mold. The 

reinforcement is then rolled for better wet-out and removing 

trapped air. Resin is mixed with a hardener if working with 

epoxy, otherwise it will not cure (harden) for days/ weeks. 

Next, the mold is wetted out with the mixture. The sheets of 
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fiberglass are placed over the mold and rolled down into the 

mold using steel rollers. The material must be securely 

attached to the mold; Air must not be trapped in between the 

fiberglass and the mold. 

 

  

 
 

 

Fig. 2.1 Hand Lay-Up 

 

Additional resin is applied and possibly additional sheets of 

fiberglass. Rollers are used to make sure the resin is between 

all the layers, the glass is wetted throughout the entire 

thickness of the laminate, and any air pockets are removed. 

The work must be done quickly enough to complete the job 

before the resin starts to cure. After completing the rolling 

action, a compressive force is applied by putting some weight 

on it ,and it removed after 24 hrs. Various curing times can be 

achieved by altering the amount of catalyst employed. It is 

used for large diameter structure and custom shapes like 

asymmetric shapes and for bonding two or more modules. 

 

III. RESULTS AND DISCUSSION 

At the outset, the data obtained on the basic 

characteristics of E-Glass fiber of polymer matrix composite 

with additives is presented and discussed. It is followed by a 

laboratory study under the influence of external force acting 

upon that composite by performing the different types of 

mechanical behavior tests. Inter-relations between different 

parameters involved are presented and discussed. The test 

results are obtained from tested samples (i.e. from tensile, 

flexural and compressive tests) is presented and analyzed. 

a. Tensile Strength (ASTM D638) 

b.  Compressive Strength (ASTM D695) 

c. Flexural Strength (ASTM D790) 

 

Tabular form of compressive test results 

specimen 

Thick
ness 

(mm) 

 

Width 

(mm) 
 

Maximum 

Load 
(N) 

Yield 

Strengt
h 

Compr

essive 
Strengt

h(MPA

) 
 

Anvil 
height(m

m) 

 

graphite 25.71 12.55 19667.86 57.95 60.96 24.59 

Iron slag 25.71 13.4 23746.49 40.12 68.93 25.66 

Silicon 21.64 12.16 27917.22 89.85 197.24 24.62 

White 

sand 
25.62 12.99 18166.71 51.5 54.59 25.4 

Fiber 
without 

additive 

 
 

25.5 

 
 

12.35 

19234.12 58.12 60.23 24.87 

 

3.1 Compressive test results: 

Here the compressive test results of composite, there is 

difference in compressive strength varying the additives

 
Fig 3.1.1   Compressive Graph of Graphite 

 
Fig 3.1.2 Compressive graph of iron slag 

 
Fig 3.1.3 Compressive graph of silicon 

 
Fig 3.1.4 Compressive Graphs of White Sand 
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Fig 3.1.5 Bar diagram of compressive results of varying additives 

3.2 Flexural test results : 

Here the Flexural test results of composite, varying the 

additives 

 
Fig  3.2.1 Flexure Graph of Graphite 

 
Fig  3.2.2 Flexure Graph of Iron slag 

 
Fig  3.2.3 Flexure Graph of silicon 

 
Fig  3.2.4 Flexure Graph of white sand 

Specime
n 

Thick

ness(

mm) 

Width
(mm) 

Max 

load(N

) 

Max 

stres

s 

(mp
a) 

Flex 

Modu
lus 

(mpa) 

Flexure 

extensio
n at 

Maximu
m 

Flexure 

load 
(mm) 

Flexure 

stress at 

maxim

um 

flexure 
load 

(mpa) 

Graphite 3.16 12.85 491.9 
277.

969 

12303

.8 
3.80 277.96 

 
Iron slag 

3.09 12.88 383.2 
266.
961 

13014
.7 

3.49 266.96 

Silicon 3.03 12.68 501.62 
311.

621 

13029

.3 
3.61 311.62 

White 
sand 

3.08 12.68 478.4 
291.
709 

12751
.5 

3.92 291.70 

E 

GLASS 

FIBER 
 

2.6 13.82 692.84 
367.

03 

16733

.9 
3.58 289.52 

 
Fig 3.2.5.Tabular form of mean values of flexural results 

 

Fig.3.2.6 Bar chart of flexural results of varying additives 

 

3.3 Tensile test results : 

Here the tensile  test results of composite,varying the 

additives 
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Fig 3.3.1 Tensile graph of graphite 

 
Fig 3.3.2 Tensile graph of iron slag 

 
Fig 3.3.3 Tensile graph of silicon 

 
Fig 3.3.4 Tensile graph of white sand 

 

 

Fig.3.3.5 Bar diagram of Tensile results of varying additives 

 

Result Analysis of Data 

 

speci

men 

 

Th

ick
ne

ss 

 
(m

m) 

Wi

dt

h 

 

(m

m) 

Maxim

um 

Load 

(N) 

Tensi
le 

stress 

at 

Maxi

mum 

Load 
(mpa) 

Load 

at 

Break 

(Stand

ard) 

(N) 

Tensil

e 

extens
ion at 

Maxi

mum 
Load 

(mm) 

 

Ener

gy at 
Brea

k 

(Stan
dard) 

(J) 

Energy 

at 

Maxim

um 

Load 

(J) 

graph

ite 
3 25 

12873.

74 

171.6

5 

12842

.6 

4.2951

6 

29.1

07 
29.00 

Iron 

slag 
3 25 

16756.

3 

216.4

67 

16725

.1 

5.0200

3 

42.8

01 
42.69 

silico

n 

3.1
5 

24.

8 

 

16773.
9 

188.6
83 

17393
.5 

5.9223
3 

47.5
04 

47.13 

white

sand 
3.1 

25.
1 

16443.
5 

211.3
29 

7246.
16 

5.0982
9 

47.4
96 

45.01 

Eglas

s 

fibre 

3.3

5 

24.

4 

14630.

7 
169.8 

14630

.7 
4.71 

38.4

95 
35.53 

 

 

SI.NO 

TENSILE TEST COMPRESSIVE TEST FLEXURAL TEST 

 
 

THICK

NESS 
(mm) 

 

 
WIDTH 

(mm) 

ENERG

Y AT 

MAXIM
UM 

LOAD 

(J) 

TENSILE 

EXTENSIO

N AT MAX 
LOAD 

(mm) 

 

 

 

 
THICK

NESS 

(mm) 

 

 
WIDTH 

(mm) 

COMPRE
SSIVE 

STRENG

TH 
(MPA) 

 
 

 

THICKNESS 
(mm) 

 

 
WIDTH 

(mm) 

FLEXURAL 
STRESS AT 

MAXIUM 

FLEXURAL 
LOAD (MPA) 

 

Flex 
modulus 

(mpa) 

 
 

 

GRAPHIT
E 

3 25 37.93158 
5.01460 

 
25.71 12.55 

60.96 
 

3.16 12.85 277.96 12303.811 

IRON 

SLAG 
3 25 42.69903 5.02003 25.71 13.4 68.93 3.09 12.88 266.96 13014.708 

0

50

TENSILE ENERGY AT MAX LOAD ( 

JOULES) 
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SILICON 3.15 24.8 46.79882 5.92233 21.64 12.16 197.24 3.03 12.68 311.62 13029.315 

WHITE 

SAND 
3.1 25.1 45.01785 5.09223 25.62 12.99 54.59 3.08 12.68 291.70 12751.579 

FIBRE 

WITHOUT 
ADDTIVE 

3.35 24.24 35.53159 4.71 
 

25.50 
12.35 60.23 3.03 12.90 293.45 12229.145 

 

IV. CONCLUSION 

E Glass reinforced with additives i.e., graphite, silicon, white 

sand and iron slag were successfully fabricated with 

reinforcement of additives by casting ( hand lay up method). 

The tests were conducted on those material. Based on the 

experimental observations the following conclusions have 

been drawn.  

Various tests were conducted on the specimens of E Glass 

fiber fabricated with additives from those testing results. We 

can observe the best material for further application like 

cooling towers household appliances automotive fields. 

The Energy at maximum load is (35.5315 J) for E Glass. From 

the previous observed data. the Energy at maximum load is 

better in fiber reinforced with silicon(46.7988 J) the rate of 

Energy is increased, when compared to other  additives .So 

that  E GLASS fiber composites can be used in application 

where a greater extent of  tensile strength  is desirable . 

The yield strength (offset 0.2%) is greater in fiber reinforced 

with silicon (89.85%)when compared to other additives The 

flexure test( 3 pointed) will provide mechanical behavior of 

the specimen. 

Flexure stress at maximum flexure load and flexure modulus 

(tendency for a material to bend) is greater in fiber reinforced 

with silicon when compared with E Glass fiber and other 

additive materials.,So that finally concluded that the E 

GLASS fiber is greater in strength but when we fabricated 

with additives it will gain strength more over the fiber 

composite will increase its strength with increase in thickness.  

Future scope               

 E GLASS with additives we can test creep and 

fatigue, wear test and we can apply the material on 

components and scope of doing thermal analysis.  

 

REFERENCES 

[1]. C.H. Park, W.I. Lee, Compression molding in polymer matrix 
composites, Manufacturing Techniques for Polymer Matrix 

Composites (PMCs), 2012, Pages 47-94. 

[2]. Nam-Jeong Lee, Jyongsik Jang, The effect of fibre content on the 
mechanical properties of glass fibre mat/polypropylene 

composites.Composites Part A: Applied Scienceand 

Manufacturing, Volume 30, Issue 6, June 1999, Pages 815-822. 
[3]. P. Davies, D. Choqueuse, H. Devaux, Failure of polymer matrix 

composites in marine and off-shore applications. Failure 

Mechanisms in Polymer Matrix Composites, 2012, Pages 300-336. 

[4]. N. Guermazi, N. Haddar, K. Elleuch, H.F. Ayedi, Investigations 

on the fabrication and the characterization of glass/epoxy, 

carbon/epoxy and hybrid composites used in the reinforcement 
and the repair of aeronautic structures. Materials & Design, 

Volume 56, April 2014, Pages 714-724. 

[5]. C.H. Park, W.I. Lee, Compression molding in polymer matrix 
composites. Manufacturing Techniques for Polymer Matrix 

Composites (PMCs), 2012, Pages 47-94. 

[6]. MD.Wakema T.A Cain, C.D Rudd, R.Brook, A.C.Dong 
,compression moulding of glass polypylen for optimized macro 

and micro mechancical properties II.Glass Mat-thermoplastic 

composite Science and reinforced technology , volume 59, issue 5, 
april 1999, pages 709-726 

[7]. E.M sozer p. simacek S.G advani  Resin trafer moulding in 
polymer (RTM) matrix composites. Manufacturing Techniques for 

Polymer Matrix Composites (PMCs), 2012, Pages 245-309. 

[8]. K. Benzarti, L. Cangemi, F. Dal Maso, Transverse properties of 
unidirectional glass/epoxy composites: influence of fibre surface 

treatments. Composites Part A: Applied Science and 

Manufacturing, Volume 32, Issue 2, February 2001, Pages 197-
206. 

[9]. V. Goodship, I. Brzeski, B.M. Wood, R. Cherrington, K. Makenji, 

N. Reynolds, G.J. Gibbons, Gas-assisted compression moulding of 
recycled GMT: Effect of gas injection parameters, Journal of 

Materials Processing Technology, Volume 214, Issue 3, March 

2014, Pages 515-523. 
[10]. Nirmal Saha, Amar Nath Banerjee, B.C. Mitra, Tensile behavior 

of unidirectional polyethylene-glass fibres/PMMA hybrid 

composite laminates, Polymer, Volume 37, Issue 4, 1996, Pages 
699-701. 

 

 

 

 

 

 

 
 

http://www.sciencedirect.com/science/article/pii/B9780857090676500031
http://www.sciencedirect.com/science/article/pii/B9780857090676500031
http://www.sciencedirect.com/science/article/pii/S1359835X98001857
http://www.sciencedirect.com/science/article/pii/S1359835X98001857
http://www.sciencedirect.com/science/article/pii/S1359835X98001857
http://www.sciencedirect.com/science/article/pii/B9781845697501500100
http://www.sciencedirect.com/science/article/pii/B9781845697501500100
http://www.sciencedirect.com/science/article/pii/B9781845697501500100
http://www.sciencedirect.com/science/article/pii/S0261306913010923
http://www.sciencedirect.com/science/article/pii/S0261306913010923
http://www.sciencedirect.com/science/article/pii/S0261306913010923
http://www.sciencedirect.com/science/article/pii/S0261306913010923
http://www.sciencedirect.com/science/article/pii/S0261306913010923
http://www.sciencedirect.com/science/article/pii/S0261306913010923
http://www.sciencedirect.com/science/article/pii/B9780857090676500092
http://www.sciencedirect.com/science/article/pii/S1359835X00001366
http://www.sciencedirect.com/science/article/pii/S1359835X00001366
http://www.sciencedirect.com/science/article/pii/S1359835X00001366
http://www.sciencedirect.com/science/article/pii/S1359835X00001366
http://www.sciencedirect.com/science/article/pii/S0924013613003208
http://www.sciencedirect.com/science/article/pii/S0924013613003208
http://www.sciencedirect.com/science/article/pii/0032386196831582
http://www.sciencedirect.com/science/article/pii/0032386196831582
http://www.sciencedirect.com/science/article/pii/0032386196831582
http://www.sciencedirect.com/science/article/pii/0032386196831582

