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Abstract: In the present work the flexural properties of selected 

composite plates are examined. The three point bending test 
happens to be widely acceptable method for the evaluation of 
flexural properties of the composite plates because of its simple 
geometry and structure. In this paper the influence of filler 
material and thickness of laminates under three point bending 
load on simply supported pins are reported for selected filler 
material combination. Filler materials used here are Glass fiber 
epoxy with silicon carbide, Graphite fiber epoxy with silicon 
carbide and Carbon fiber epoxy with silicon carbide.  
Investigation is carried out as per ASTM D790 standard. The 
mechanical properties such as flexural strength, flexural stiffness 
of the composite plates were investigated and reported. This work 
broadly points out that the flexural strength is dependent on the 
thickness of the laminates and amount of the filler material of the 
laminated composites. It was found that Carbon fiber composite 
shows the superior flexural strength with 6 wt% of SiC among the 
specimens under study. 

Keywords: Flexural strength, Silicon carbide composite, Three 
point bending. 

I. INTRODUCTION 

A composite plate is multi-layered lamination of resin 
consisting of different type of fiber as reinforcement and 
particles as filler material [1]. Because of the low thermal 
expansion, excellent strength and stiffness to the weight ratio, 
the application of composite material plays major role in the 
fabrication of transportation vehicles, Aerospace component, 
Marine and Aviation industry [2]. Thousands of researchers 
across the globe are involved in composite material research 
[3-5]. Cho et al. reported that the mechanical property of 
polymer matrix composite (PMC) depends upon the particle 
type, particle size and adhesion of the matrix interface and 
loading pattern [6].  
Srivastava and Shembekar reported that the epoxy matrix 
toughness can be increased by adding fly ash as a filler 
material and it has been identified that fracture toughness 
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composite specimens filled with fly ash as a filler material are 
independent of the initial crack length on the specimen [7]. 
But it depends on the fiber orientation and concluded that the 
toughness of the specimen can be improved by addition of fly 
ash as a filler materials to the fiber reinforced epoxy 
composites. Hartikain et al. reported the behaviour of glass 
fiber reinforced composites with CaCO3 as a filler material 
[8]. They have shown that the stiffness of the specimen will 
increase with the addition of CaCO3 as a filler material. 
Leonard et al. studied the fracture behaviour of Glass fiber 
reinforced polyester composite (GFRPC) materials and 
concluded that with the increase content of the fiber up to 60 
wt% enable the increase in the fracture toughness of the 
specimens and critical energy rate of the matrix [9]. Naveed et 
al.  experimented on the Carbon reinforced and nano-clay 
filled epoxy matrix composites and they studied the 
mechanical properties and fracture behaviour of inter-laminar 
structure [10]. They concluded that there was 60% 
improvement in the fracture toughness and flexural modulus 
by addition of 3 wt% of nano-clay. 
However, Kown et al. identified that varying the filler 
materials composition ratio might not affect the bending 
elastic modulus but bending strength and fracture toughness 
depends on particle composition [11]. They studied the effect 
of compounding two different size silica particle into 
bisphenol A-type epoxy matrix [11]. Lassila and Vallittu 
studied the influence of fiber position and polymerization on 
the strength of the composite [12]. Nakamura et al., studied 
the effect of silica particle size (6-42 µm) in composite and 
found smaller particle composite show higher flexural 
strength [13]. Lee and Soutis laminated composites with 
various stacking sequence with an open hole in the centre. The 
conclusions shows that the strength of the specimen with the 
higher thickness is found increased and the measured failure 
strength is predictable [14]. 
Paiva et al.  conducted experiments on different matrix 
materials with carbon fiber as the reinforcement material [15]. 
They concluded that there was significant influence on the 
mechanical properties with respect to the matrix material used 
than the fabric arrangement type or carbon fiber arrangement 
type. The mechanical properties were improved due to the 
toughening of epoxy matrix and probably its interface with 
the reinforcement. Based on the literature survey it was 
identified  that the combined constituents such as filler 
materials and fiber in thermosetting resin shows the major 
improvements in the mechanical properties of the material 
and in some cases improvement in the fracture toughness 
[16,17].  
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The main aim of this study is to investigate the role of filler 
material on the glass fiber, graphite fiber and carbon fiber 
reinforced with polyester resin.  

II. EXPERIMENTAL INVESTIGATION 

2.1. Materials 
Biwoven glass fiber, carbon fiber and graphite fiber are used 
as reinforcement material and Polyester resin is used as 
Matrix and filler material is silicon carbide (SiC, 240 Mesh) 
with the weight ratio of 3%, 6% and 9% in combination of two 
different thickness, silicon wax is used as releasing agent on 
mould.  
2.2. Preparation of composite plate 
Conventional hand lay-up technique is incorporated in 
laboratory to prepare the test specimens. The matrix material 
used here is epoxy resin, is mixed in 3:1 ratio with hardener at 
room temperature then the SiC powder is used as a filler 
material into polyester resin in different weight fractions of 
the mixture is mixed thoroughly using glass rod for 15 
minutes. The surface of the mould is thoroughly cleaned first, 
then the releasing agent is applied, where the silicon wax is 
coated on the mould surface using cotton cloth. Then thick 
film of polyvinyl alcohol is applied over the wax surface using 
sponge.   
The initial layer of the Bi-woven glass fiber fabric is laid on 
the clean surface and on the fabric resin is applied using brush 
and which spread uniformly throughout the surface of the 
glass fabric on this next layer of Bi-woven glass fiber fabric 
cloth is laid again resin is applied over it later to enhance the 
wetting the steel roller with teeth is passed over the layers of 
the fabric. By using spatula the resin is dubbed and tapped 
before spreading the another layer of the resin on the fabric 
this cycle should be repeated until the 10 layers (for 2 mm 
thickness specimens) and 16 layers for the 4 mm specimen 
thickness. The pressure should not be applied on these layers 
and which should be cured at 100⁰ C at oven temperature for 2 

hrs. 

 
Fig. 1: composite plate allowed for curing at room 

temperature. 
 

 
Fig. 2: Vacuum Bagging Technique 

Soon after curing process is completed the composite 
specimens are cut into required dimensional sizes as per the 
ASTM D790 standards using water jet machine and all the 
sharp edges of the specimens are removed using carborundum 
paper.  

 
Fig. 3: Cured composite plate 

 
Fig. 4: Flexural strength test specimens 

2.3. Nomenclature of specimen 
Nomenclature of Carbon fiber composite specimen, Graphite 
fiber composite specimen and Glass fiber composite 
specimens (2mm thickness) reinforced with polyester resin 
with the filler material as SiC (3 wt%, 6 wt% and 9 wt% 
respectively) is shown in Table 1. Nomenclature of Carbon 
fiber composite specimen, Graphite fiber composite specimen 
and Glass fiber composite specimens (4mm thickness) 
reinforced with polyester resin with the filler material as SiC 
(3 wt%, 6 wt% and 9 wt% respectively) is shown in Table 2. 

Table 2: Nomenclature of first set of specimens of 
expected thickness of 2 mm 

Sl 
No. 

SPECIMEN 
Specimen Composition 

Expected Thickness =2mm 
1 CAFP/03/02 Carbon fiber +3 wt% of SiC 

2 CAFP/06/02 Carbon fiber +6 wt% of SiC 

3 CAFP/09/02 Carbon fiber +9 wt% of SiC 

4 GRFP/03/02 Graphite fiber +3 wt% of SiC 

5 GRFP/06/02 Graphite fiber +6 wt% of SiC 

6 GRFP/09/02 Graphite fiber +9 wt% of SiC 

7 GLFP/03/02 Glass fiber +3 wt% of SiC 

8 GLFP/06/02 Glass fiber +6 wt% of SiC 

9 GLFP/09/02 Glass fiber +9 wt% of SiC 
Table 2: Nomenclature of specimens of expected thickness 

of 4 mm 
Sl 

No. 
SPECIMEN 

Specimen Composition 
Expected Thickness = 4mm 

1 CAFP/03/04 Carbon fiber +3 wt% of SiC 

2 CAFP/06/04 Carbon fiber +6 wt% of SiC 

3 CAFP/09/04 Carbon fiber +9 wt% of SiC  

4 GRFP/03/04 Graphite fiber +3 wt% of SiC 

5 GRFP/06/04 Graphite fiber +6 wt% of SiC 

6 GRFP/09/04 Graphite fiber +9 wt% of SiC 

7 GLFP/03/04 Glass fiber +3 wt% of SiC 
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8 GLFP/06/04 Glass fiber +6 wt% of SiC 

9 GLFP/09/04 Glass fiber +9 wt% of SiC 
 
Actual dimension is marginally different form the expected 
composite plates and its necessary to use the actual dimension 
to calculate flexural properties. Measured dimensions of the 
each specimen of Glass fiber composite, Graphite fiber 
composite and carbon fiber composite specimens (2 mm 
thickness) reinforced with Polyester resin shown in table 3. 
Measured dimensions of the each specimen of Glass fiber 
composite, Graphite fiber composite and carbon fiber 
composite specimens (4 mm thickness) reinforced with 
Polyester resin shown in table 4. 

Table 3: Measured dimensions of the each specimen of 
expected thickness of 2 mm 

Sl 
No. 

Specimen 
code 

Measured 
length 

Measured 
width 

Measured 
thickness 

1 CAFP/03/02 200.01 12.1 2.1 

2 CAFP/06/02 200.2 12.3 2 

3 CAFP/09/02 200.21 12.4 2.2 

4 GRFP/03/02 200.15 12.02 2 

5 GRFP/06/02 200.01 11.99 2.01 

6 GRFP/09/02 200.12 12.05 2.04 

7 GLFP/03/02 200.16 12.01 2.01 

8 GLFP/06/02 200.07 12 2.02 

9 GLFP/09/02 200.05 12.1 2.03 
Table 4: Measured dimensions of the each specimen of 

expected thickness of 4 mm. 
Sl 

No. 
Specimen 

Code 
Measured 

Length 
Measured 

width 
Measured 
thickness 

1 CAFP/03/04 200.02 12.07 4.04 

2 CAFP/06/04 200.01 12.07 4.01 

3 CAFP/09/04 200 12.1 4.03 

4 GRFP/03/04 200.05 11.99 4.02 

5 GRFP/06/04 200.02 11.97 4.05 

6 GRFP/09/04 199.98 12.04 4.04 

7 GLFP/03/04 200.02 12.06 4.01 

8 GLFP/06/04 200.01 12.04 4.02 

9 GLFP/09/04 200.06 12.02 4.01 
2.4. Experimental Setup 
The testing Machine used in the current research work is 
Universal Testing Machine (Model PNP-01) manufactured 
by BISS Bangalore. It can be used as standalone machine or 

inter linked to remote computer and data analysis software. 
Specification is given in Table 5. The specimen is marked into 
4 equal parts to ensure that the load pin of the UTM should act 
exactly at the specimen. 
Table 5: Specification of Universal Testing Machine and 

fixture 

Machine specification 

Actuator capacity: 10 kN 

Stroke: +/- 30 mm 

Vertical day light: 570 mm 

Horizontal day light: 40 mm 

Power Supply/control 
 6kHz digital 
servo control 

Rate of loading :  1mm/min 

Fixture Details 

Capacity : 15 kN 

Bending fixture 3 Point  

Model:  B1-10-101 
We know that flexural stress in case of a three-point bending 
test can be calculated by using the equation 1:  

22

3

bt

LF f
fs 

          (1)  
where Ff is the highest l

o
ad (in Newton) at the point of failure, 

L is the distance between the supports (in mm), b and t are the 
width and thickness of the specimen (in mm), respectively. 
Similarly, flexural modulus can be calculated using the 
equation 2: 

3

3

4bt

mL
E 

          (2)  
where ‘m’ is the slope of t

h
e linear portion of load–deflection 

plot, b and t are the width and thickness of the specimen (in 
mm). 

III. RESULT AND DISCUSSION 

Current experimental study on the flexural properties and the 
results obtained from the present work is illustrated in the 
table 6, the table gives the complete details of flexural 
strength, flexural modulus (refer equation 2) and the 
maximum load of each specimen [4]. The results are obtained 
for thickness of 2 mm with polyester resin as matrix material 
and filler material is SiC constituting 3 wt %, 6 wt % and 9 wt 
% respectively. Load-deformation plot for 3 wt% SiC 
composite is shown in figure 5, 6 and 7 respectively. For other 
composition of SiC respective plot remains nearly identical. 

 
Table 6: Flexural properties of composite specimens with expected thickness 2 mm 

Sl No. Specimen 
Maximum 
Load, N 

Deflection At 
Max Load, mm 

Flexural 
Modulus, GPa 

Flexural Strength,  
MPa 

1 CAFP/03/02 594 12.3 32 512 

2 CAFP/06/02 601 12.5 28 516 

3 CAFP/09/02 622 11.6 29.7 510 
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4 GRFP/03/02 468 10.9 26.5 464 

5 GRFP/06/02 499.5 10.2 27 468 

6 GRFP/09/02 511 11 25.5 471 

7 GLFP/03/02 104.4 10.2 24.3 432 

8 GLFP/06/02 106.2 10.3 24.6 465 

9 GLFP/09/02 110 9.6 25.1 472 

 

 
Fig. 5: Deformation curve of CAFP/03/02 specimen      Fig. 6: Deformation curve of GRFP/03/02 specimen 

  

 
 

Fig. 7: Deformation curve of GLFP/03/02 specimen 
It is clear from the table 6 the maximum value of flexural 
strength, 516 MPa is found for the Carbon fiber composite 
with 6 wt% of SiC but maximum flexural modulus 29.7 GPa is 
recorded for carbon fiber composite with 9 wt% SiC. With 
respect to reinforcement, carbon fiber composite shows better 
flexural modulus than glass fiber and graphite fiber 
composite. Now in carbon fiber composite with respect to the 
filler material content highest flexural strength is observed in 
case of 6% SiC content, may be because of optimum packing 

[18,19]. In case of Glass fiber and graphite fiber composite 
highest flexural strength observed, is almost identical, 471 
MPa and 472 MPa respectively at 9 wt% SiC content but with 
respect to maximum load both can withstand are drastically 
apart (for graphite fiber 511 N and  for glass fiber 110 N). 
Therefore carbon fiber composite plate may carry 20-25% 
more load than graphite fiber plate but its five to six time 
higher than glass fiber composite plate [20]. 

 
Table 7: Flexural properties of Carbon, Graphite and Glass fiber composites with expected thickness 4 mm 

Sl No. Specimen 
Maximum 
Load, N 

Deflection At 
Max Load, mm 

Flexural 
Modulus, GPa 

Flexural Strength,  
MPa 

1 CAFP/03/04 589 10.6 34 560 

2 CAFP/06/04 600 10.4 31 574 

3 CAFP/09/04 612 10.2 32.6 512 

4 GRFP/03/04 512 9.6 29.2 476 

5 GRFP/06/04 514.2 9.4 30.2 482 
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6 GRFP/09/04 518 9.8 26.4 491 

7 GLFP/03/04 124 8.86 26.8 445 

8 GLFP/06/04 126.2 7.89 25.3 472 

9 GLFP/09/04 126.8 8.2 25.8 481 

 

 
Fig. 8: Deformation curve of CAFP/03/04 specimen       Fig. 9: Deformation curve of GRFP/03/04 specimen 

  

 
 

Fig. 10: Deformation curve of GLFP/03/04 specimen 
Flexural properties are obtained for 4 mm thick specimen with 
SiC content of 3 wt %, 6 wt % and 9 wt % respectively 
following the similar procedure and presented in table 7. 
Load-deformation plot for 3 wt% SiC composite is shown in 
figure 8, 9 and 10 respectively. It has been observed that 
flexural strength and flexural modulus of carbon/polyester 
composites increased significantly in both the thickness 2mm 
and 4 mm respectively, when compared to graphite and glass 
fiber specimens [12]. However just doubling the thickness of 
the plate not necessarily double the strength of the plate. In 
case of graphite fiber composite and glass fiber composite 4 
mm plate with 9 wt% SiC shows flexural strength of 491 MPa 
and 481 MPa respectively which are higher than other two 
compositions. However similar to 2 mm specimen carbon 
fiber composite with 6% SiC shows the highest flexural 
strength of 574 Mpa which is significantly high in this class of 
material [11]. It was found that Carbon fiber shows the 
superior load carrying capacity with 9 wt% of SiC and least 
value found in the case of glass fiber specimen with 3 wt% 
SiC. There is 10 to 12% increase in the flexural strength and 
flexural modulus but decrease in the deflection in the case of 4 
mm specimens when compared to 2 mm specimens. It is 
found that as the weight percentage of filler material SiC 
increases, the load carrying capacity increases in case of all 
the composites.  

 
1. Conclusions 

In this experimental study the flexural properties of composite 
plates consisting of  of glass fiber reinforced in polyester 
resin, graphite fiber reinforced in polyester resin and carbon 
fiber reinforced in polyester resin along with SiC in three 
different weight percentage is under consideration. Based on 
the analysis of the selected composites clarity on the role of 
filler material is obtained. The experimental study has also 
given the clarity about the role of the thickness on the 
specimens of the composite plates subjected to three point 
bending test in the laboratory. It was found that Carbon fiber 
shows the superior load carrying capacity with 9 wt% of SiC 
content and least load carrying capacity is found in case of 
glass fiber specimen with 3 wt% SiC content.  
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