
ANALYSIS OF POLYSTYRENE  
AND GLASS FIBER COMPOSITE 

Prof. Sanjay T. Naikwade1, Tushar Patil2, Krishnaraj Patil2, Rahul Patil2, Shubham Mohite2 
1Associate Professor, Dept of Mechanical Engineering, A. P. Shah Institute of Technology, Thane 

2Students, Department of Mechanical Engineering, A. P. Shah Institute of Technology, Thane, Maharashtra-400615. 
 
Abstract – Composite materials are those which are produced by 
combination of two or more materials having different mechanical 
properties. Different mechanical properties can be achieved by using 
appropriate percentage of different materials. Polystyrene and Glass 
composites are used in various industries from long time ago. So in this 
project, we are preparing composite of glass fiber and polyester resin by 
using Hand Lay-up method in moulds. Mechanical properties of different 
weight ratios will be tested. All composites are processed at 10%, 15% 
and 20% glass fiber weight fraction to investigate the effect of fiber 
content in polyester resin. The results will be compared to pure polyester 
which has 0% glass fiber content. 
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1. INTRODUCTION 
1.1. General Introduction 
Glass has good properties like high strength, resistance to chemical harm, 
flexibility and stiffness. Glass fibers may be in the form of chopped strands, 
fabrics and mats. Every different glass fibers contain unique properties and 
used for different applications with composition of polymer. Polystyrene and 
glass composite is mostly used to manufacture composite materials. Suitable 
percentage of glass fiber in polystyrene gives functional characteristics and 
properties equal to steel, and higher stiffness value than aluminum. 
Polystyrene and Glass composites have been prepared by various 
manufacturing methodology and are widely used in various industries for 
various applications. Composite materials are used in marine industry and 
piping industries by the reason of environmental resistance, high strength and 
stiffness. In aircraft industries, elevator, landing gear doors due to light weight 
and reduction in higher fatigue resistance, composite materials are used. 
When composites were subjected to vibration environment, energy dissipation 
is an important role of composite material. Different factors acts on the 
energy dissipation of polystyrene and glass composites such as volume 
fraction of glass fiber in polystyrene, orientation of fiber, moisture, 
temperature and others like thickness of composites and lamina. Logarithmic 
decrement analysis and Hilbert transform analysis contain time analysis 
method. In most of applications, these composites are subjected to different 
conditions such as sliding, rolling, rubbing against themselves or other 
materials. Different factors like Load, sliding speed, duration of sliding, 
distance of sliding and sliding conditions are considered for calculation of the 

effect of various applications on the performance of composites. With the 
addition of fillers, coefficient of friction and wear rate can be found for 
polystyrene and glass composites. These materials can be used for various 
applications such as bushes, bearing, gears and wheels. 
 
1.2. Classification of GLASS FIBER 
The major classification of glass fiber depends on the difference of physical 
properties, mechanical properties and chemical compositions of glass fiber in 
wt%. Various glass fibers available are E-glass, C-glass, D-glass, E-glass, R-
glass and S-glass. These all glass fibers have their unique physical, 
mechanical and chemical properties. 
Classification of glass fiber:- 

1. A glass: - The physical properties of this glass are higher 
durability, strength and electric resistivity 

2. C glass: - The physical property of this glass is higher 
corrosion resistance. 

3. D glass: - The physical property of this glass is low dielectric 
current. 

4. E glass: - The physical properties of this glass are higher 
strength and electrical resistivity. 

5. R glass: - The physical properties of this glass are higher 
strength and corrosion resistance. 

6. S glass: - The physical property of this glass is higher tensile 
strength. 

 
1.3. About POLYSTYRENE 
Polystyrene resin is one of the most widely used resin system especially in 
marine industry. Polystyrene resin are unsaturated resin which are in liquid 
form but on saturation becomes solid when subjected to right conditions. 
These are often referred as simply polystyrene. A manufacturer supply the 
resin with some additives in it or without it. These additive are catalyst, 
pigments, and accelerators. There are two principle types of polystyrene resin 
used as standard laminating systems in the composites industry. Orthophthalic 
polystyrene resin is the standard economic resin used often. Isophthalic 
polystyrene resin is now becoming the preferred material choice in industries 
like marine where its superior water resistance is required. 
 

2. EXPERIMENTATION 
2.1. Material and Methods 
The method used in making the composite lamina was hand lay-up method. 
The glass fiber was purchased in the form of mats. These fiber were then 
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loosened into single fiber strands. Polyester resin was mixed with cobalt 
which acts as accelerator. 
 For making specimen, mild steel trays were used as moulds. Different testing 
specimen required different thickness therefore each moulds was of different 
dimension. Tests which were done were Charpy, Hardness, Compression and 
Flexural. The mild steel sheets were converted into trays of specific 
dimensions for particular tests. All the composites were processed at 0%, 2%, 
4%, and 6% glass fiber weight fraction to investigate the effect of fiber 
content on the mechanical properties of the composites. The trays were 
covered with a layer of detaching agent before the preparation. 
The resin which was in liquid form was poured layer by layer in the trays of 
the predetermined dimensions. In between layers of polyester resin the glass 
fibers in single strand was placed in different orientation in different layers. 
The glass fibers were placed arbitrary for different orientation. Each mould 
after the glass fibers were arranged were kept in open space for curing 
process. As the resin was mixed with cobalt which is the accelerator, few 
milliliter of hardener, Methyl ethyl ketone peroxide was also added before 
pouring the resin in the tray. This helped in the fastening of the hardening 
process of the resin. The curing process worked even faster when the moulds 
were kept in direct sunlight. The curing process took nearly 48 hours to 
completely cure. 
After the curing was done the moulds were cut in required dimension for its 
respective tests to be performed and also for surface finish. 
 

 
Fig..Specimen A, B & C 

 

 
Fig. 6.2.Specimen D, E &F 

 
Fig. 6.3.Specimen G, H & I 

 
2.2. Mechanical Testing 
Charpy tests is also known as the charpy v-notch test, is a standardized high 
strain-rate test which determines the amount of energy absorbed per unit cross 
sectional area by a material during fracture. The test was performed using 
Charpy Impact Testing Machine model FIT-300. 
 
Hardness tests was performed using Hardness Tester model RAB-I (250). A 
load of 100 kg was used. The test conducted was Brinell Hardness Test using 
(¼)th inch Ball, which is especially for polystyrene, flexi glass, rigid sheet, 
plastic materials and nylon. 
 
Flexural testing is used to determine the flex or bending properties of a 
material. It involves placing a sample between two points or supports and 
initiating a load using a third point or with two points which are respectively 
called as 3 point bend and 4 point bend testing. Flexural tests were performed 
using universal testing machine model KUT-40E. 3-point flexural bending 
test was done. 
 

 
 Figure 2: Arrangement for Hardness test 
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Figure 2: Arrangement for Charpy test 

 

 
Figure 2: Arrangement for Hardness test 

 
3. RESULT AND DISCUSSION 

 
3.1. Hardness Test:- 
From the result of hardness test it is observed that the hardness is maximum 
in 10% glass fiber reinforced polystyrene and minimum in 20% glass fiber 
reinforced polystyrene. It is showing that as percentage of glass fiber 
increases in polystyrene hardness of composite decreases. The result obtained 
can be observed in figure . 

 
Fig Result of Hardness Test of composite of different Specimens 

 
3.2. Charpy Test:- 
The graph in figure 5 shows that the impact energy absorbed the specimen 
decreases as the percentage of fiber in the composite by percentage weight of 
glass fiber increases. It is seen that maximum energy absorption is observed 
in 10% weight fraction of glass fiber in polystyrene whereas 20% weight 
fraction of glass fiber in polystyrene shows properties with least impact 
strength. 

 
Figure 5: Energy Absorbed by each specimen in Joules 

 
The graph in figure 7 shows the variation in energy level that is being 
absorbed in different weight fraction. The impact strength in minimum for 
20% wt. glass fibre to polyester resin ratio, 292 Joules and the impact strength 
is maximum for 10% wt. glass fibre weight ratio to polyester resin, 296 
Joules. 
  
3.3. Flexural Test:- 
 
The graph in figure 8 shows the result of the flexural test. The result show that 
the bending strength of the composite goes on increasing with increase in the 
percentage weight of glass fibre reinforced in the polyester resin. Thus the 
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deformation in the test specimen is seen to increase with the decrease in the 
glass fibre reinforcement with the increasing load. It is seen that the 
deformation is maximum for 10% weight glass fiber to polyester resin and 
minimum for 20% weight glass fiber to polyester. 
 

 
Fig Result of Bending Test of composite of different Specimens 

 
The bending strength is shown in the figure 9. In the figure it is seen that the 
bending strength increases with the increase in glass fiber reinforcement. 
 

4. CONCLUSION 
 
The present work concludes the successful preparation of composite materials 
by using E glass fiber reinforced polystyrene. Successful testing of the 
composite lamina is done. It also concludes that various mechanical 
properties can be improved by the reinforcement of glass fiber. The hardness 
and impact strength can be decreased by increasing the percentage weight of 
the glass fiber in the composite whereas the bending strength is increased with 
the increase in the percentage weight of the glass fiber to polystyrene.  
 
References: - 
1. Aramide FO, Atanda PO and Olorunniwo OO. Mechanical 

properties of a polyester fiber glass composite. Int J Compos 
Mater 2012; 2: 147–151. 

2. Mathew MT, Naveen Padaki V, Rocha LA, et al. Tribological 
properties of the directionally oriente warp knit GFRP composites. 
Wear 2007; 263: 930–938. 

3. Lopez FA, Martin MA, Alguacil FJ, et al. Thermal analysis of 
fiberglass polyester composite and reutilization of the glass fiber 
residue to obtain a glass ceramic material. J Anal Appl Pyrolysis 
2012; 93: 104–112. 

4. Erden S, Sever K, Seki Y, et al. Enhancement of the mechanical 
properties of glass/polyester composites via matrix modification 
glass/polyester composite siloxane matrix modification. Fibers 
Polym 2010; 11: 732–737. 

5. Awan GH, Ali L, Ghauri KM, et al. Effect of various forms of 
glass fiber reinforcements on tensile properties of polyester matrix 
composite. J Faculty Eng techno 2009; 16: 33–39. 

6. Alam S, Habib F, Irfan M, et al. Effect of orientation of glass fiber 
on mechanical properties of GRP composites. J Chem Soc Pak 
2010; 32: 265–269. 

7. Gupta N, Balrajsinghbrar and Eyassuwoldesenbet. Effect of filler 
addition on the compressive and impact properties of glass fiber 
reinforced epoxy. Bull Mater Sci 2001; 24: 219–223. 

8. Faizal MA, Beng YK and Dalimin MN. Tensile property of hand 
lay-up plain-weave woven e glass/polyester composite: curing 
pressure and ply arrangement effect. Borneo Sci 2006; 19: 27–34. 

9. Leonard LWH, Wong KJ, Low KO, et al. Fracture behavior of 
glass fiber reinforced polyester composite. J Mater Design App 
Part L 2009; 223: 83–89. 

10. Visco AM, Calabrese L and Cianciafara P. Modification of 
polyester resin based composites induced by seawater absorption. 
Compos Part A 2008; 39: 805–814. 

11. Hameed N, Sreekumar PA, Francis B, et al. Morphology, dynamic 
mechanical and thermal studies on poly (styrene-co-acrylonitrile) 
modified epoxyresin/glass fiber composites. Compos Part A 2007; 
38: 2422–2432. 

12. Sridhar I and Venkatesha CS. Variation of damping property of 
polymer composite under saline water treatment. IJIET 2013; 2: 
420–423. 

13. Colakoglu M. Damping and vibration analysis of polyethylene 
fiber composite under varied temperature. Turkish J Eng Env Sci 
2006; 30: 351–357. 

14. Naghipour M, Taheri F and Zou GP. Evaluation of vibration 
damping of glass reinforced polymer reinforced glulam composite 
beams. J Struct Eng 2005; 131: 1044–1050. 

0
100
200
300
400

C F I

262.11
313.77 334.82

Ben
din

g S
tre

ss

Specimen Name

Flexural (Bending) Test Result

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 6, Issue 5, May 2019

ISSN NO: 0975-6876

http://cikitusi.com/483


