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Abstract- The objective of this work is to obtain the static fracture toughness of woven E-glass fibre reinforced epoxy resin 
composite (GFRP) with the addition of flyash particles. Three point bending test was performed to determine the static 
fracture toughness of the specimens. Results indicate that static fracture toughness increases with addition of flyash filler 
which clearly shows that flyash particles eviate the crack which leads to increase in crack length and ultimately increases the 
static fracture toughness of the specimen.  
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I. INTRODUCTION  
 
Composite materials have attracted the interest of 
many scientists because of their properties like high 
strength and stiffness which leads to potential 
application in the field of aerospace, marine, 
automobile etc.  Out of several structural applications 
of fiber reinforced composites, static fracture 
toughness is essentially required in marine and 
aeronautical application. High stiffness and strength 
(mainly on flexural loads) along with low specific 
weight is required while designing the newly 
developed composites. Advanced composites are 
used in electrical applications also. Behavior of FRP 
model of transmission poles was studied under 
cantilever loading condition. As per the test result a 
linear behavior of the FRP poles was observed upto 
failure [1]. 
 
 A lot more research has been carried out to study and 
to improve the mechanical properties of composite 
material. Fracture toughness can be increased by 
interleaving. In this a discrete layer is inserted 
between the two laminated plies. Discrete layer 
consists of a ductile resin [2].  
Addition of nano filler into the matrix improved the 
flexural strength because the young modulus of 
second phase dispersed particle i.e. filler is higher 
than that of matrix due to which stress transfer from 
the matrix to the particle occur as result of which 
flexural strength of the composite increases[3]. The 
basic objective of this work is to improve the fracture 
toughness of GFRP composite with the help of flyash 
particles. 
 
II. MATERIAL AND SPECIMEN 
 
The glass fibre reinforced composites were made 
from woven fabric (90/0°) E-glass fibre and epoxy 
resin. Hand lay-up method was used for the 
fabrication of composite specimen. E-glass fibre 
sheets were used with epoxy resin to prepare 
composite plates with the variation of layers i.e. 

 6, 10 and 12. Epoxy resin (PL-411) and hardener 
(PH-861) were taken in the ratio 10:1 by weight. 
GFRP samples were prepared with and without 
addition of flyash as filler. Flyash (5%) filled GFRP 
composite sample was also prepared by hand lay-up 
method. First 5% flyash powder was mixed properly 
with araldite and then hardener was mixed before 
reinforcement of E-glass fibre. 
 
The flyash and epoxy resin mixture was laid down on 
the surface of woven fibre and gradually increased 
the layers followed by the mixture. Finally, a constant 
load of 13 kg was used to control the weight ratio of 
fibre and epoxy resin, which will squeeze out the 
extra epoxy resin from inside of the fibre layers. The 
specimen was left for curing at ambient condition for 
24 hours. After 24 hours, the composite plate was 
kept in the furnace at 50° C for post curing of 1 hr.  
After post curing of composite plates, specimens 
were prepared for flexural test. ENF (end notch 
flexure) specimens were prepared for flexural test. 
 
Geometry of the flexural test specimen is shown in 
Table  -1. Five specimens of each type were prepared 
for flexural test. 

 
Table-1. Specimen dimension for flexural test 

 
 
III. FLEXURAL TEST 
 
ENF testing procedure is used to find out the mode II 
fracture toughness. It consists of a point flexure 
assembly which causes shear loading of the ENF 
specimen by compression loading at the midspan of 
the assembly. In this specimen pre-crack is located in 
the mid plane of the specimen. The test was 
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conducted on three point bending flexure with span  
length of 2L= 8 cm. The loading was applied at a 
constant rate and load versus displacement graph was 
plotted. The applied displacement causes shear mode 
loading at the crack front and at the state of critical 
load, stable crack initiated followed by rapid arrest. 
The specimen was unloaded and arrest point was 
noted. The specimen was loaded once again and 
loaded in the same 
way as before and tested further. The fracture 
toughness in mode II was calculated with the given 
equation [4].  
 

                    (1)  

 = Maximum load,  =Deflection, t= thickness 
of the specimen,  a= Initial crack length,  L= Span 
length and  W= width of the specimen  
 
IV. RESULT AND DISCUSSIONS 
 

 
Fig 1 Load versus deflection curve for flyash + GFRP 

composite 

 
Fig 2 Load versus deflection curve for plain GFRP composite 

 
Figs 1 and 2 shows that the area under the curve for 
flyash filled  GFRP  composite  is  more  than  that  
of  plain  GFRP composite.  Load  increases  with  
increase  of  deflection,  the result  indicate  that  once  
the  crack  propagated,  load suddenly drop with 
increase of deflection.  Again when load increases  
deflection  increases  which  shows  that  the fracture  
toughness  of  GFRP  composite  increases  with 
addition of flyash particles. On comparing the 
flexural test of all the specimens shown in Fig 1 and  
2,  the  plot  shows the non-linearity and irregularity 
in load increase cycles. In 12 layered flyash filled 
composite specimen shows serration in load 
displacement curve. As the force was increased the 
crack extends suddenly to some extent and a drop in 
force was observed. This means that the material at 

the crack tip was not ready to separate until the load 
is large enough to make crack initiation 
 

 
Fig 3. Variation of static fracture toughness with number of 

layer in mode II 
 
Fig.  3  shows  that  static  fracture  toughness  of  
flyash  filled GFRP composite is more than plain 
GFRP composite for all 6, 10 and 12 layered 
composite. In flexural test percentage of  flyash  
added  as  filler  was  only  5%  by  weight.  Flyash 
particles  deviate  the  crack  &  inhibit  its  
propagation. Therefore  static  fracture  toughness  of  
flyash  filled  GFRP composite is more than that of 
plain GFRP composite 

 
(a) 

 
(b) 

Fig. 4 SEM showing that (a) Fracture for GFRP +5% of Flyash 
and (b) Plain GFRP 

Fig. 4(a and b) shows the SEM images of 10 layered  
GFRP composite.  In  SEM  image  a  dense  structure  
of  flyash particles  can  be  seen  from  which  we  
can  say  that  further increase  in  percentage  of  
flyash  might  lead  to  lump formation  and  hence  
would  ultimately  decrease  the dynamic fracture 
toughness of the specimen. It can be seen from the 
Fig. 4(a) that fracture occurs through delamination 
only.  
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Crack didn’t penetrate the fibre lamina. Thus there is 
no fibre breakage in the delamination area and the 
interface bonding of flyash filled GFRP composite 
was good enough to restrict the crack propagation 
through the matrix itself. Fig 4(b) shows the minute 
crack lines which represent brittle fracture of the 
matrix.  Brittle fracture caused the matrix to absorb 
less energy. Therefore the static fracture toughness of 
the flyash filled GFRP specimen is higher than that of 
plain GFRP. 
 
CONCLUSION 
 
The experimental results confirmed that the addition 
of 5% flyash as filler increases the static fracture 
toughness of the GFRP composite under flexural test. 
Flyash particles deviate the cracks and hence inhibit 

crack propagation. This results in increase of fracture 
toughness. 
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