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Abstract— Inter-laminar fracture is the key disadvantage of  
laminated fiber reinforced composites, precisely 

delamination. Delamination is a commonly observed failure 

due to the composite construction nature. Preparing 
composite structures involve various techniques of 

manufacturing. Commonly, most popular method of 

composite manufacturing is layer by layer lay-up method. 
Interacting portion between the two layers is obviously not 

reinforced with fibers due to which delamination or inter-

laminar fracture occurs. Material property that denotes 

resistance to delamination is strain energy release rate (GC). 
Primary objective of this paper is to find the critical strain 

energy release rate or inter-laminar fracture toughness which 

is produced due to the sliding mode of fracture in composite 
laminate. Fracture toughness (GIIC) for mode II crack 

expansion is found for a glass fiber reinforced polymer 

composite with 00 orientation unidirectional fibers. 40%, 

50% and 60% volumes of fiber are compared with each 
other to find the best volume fraction at which the resistance 

to crack growth GIIC is maximum. Compliance Calibration 

Method is used for the experimental investigation. 
Investigation is carried on End Notched Flexure specimen 

prepared from E-glass fiber and epoxy as per ASTM D7905 

in hand layup method. Numerical analysis was done using 

virtual crack closure technique (VCCT). Experimental 
results obtained are again correlated with numerical results.   
Key words: Glass fiber reinforced polymer, Inter-laminar 
Fracture, Strain Energy Release Rate, Fracture Toughness 

 
I. INTRODUCTION 

 
Glass fibers have a wide use in the epoxy polymer based 

composite materials as the reinforcing material, because of 
their good strength, stiffness, etc. Composites are classified 

as longitudinal (Unidirectional) or cross (Bidirectional) 
according to the fiber alignment. Unidirectional glass fiber 

reinforced polymers always have a better compressive 
strength as well as tensile strength compared to the 

bidirectional fiber glass composite [1, 2].  
Even though composites with remarkable strength are 

unidirectional composites, delamination or inter-laminar 
fracture is the significant drawback. Laminated structure 

undergoing delamination consists of three modes; namely 
opening mode, sliding shear mode and scissoring shear 

mode as in fig1. Significant attention has been paid in 
Characterization of mode I and mixed mode I/II fractures to 

study the fracture behavior which results in standard testing 
methods [3]. Comparatively very fewer studies are done on 

pure mode II fracture. 

 
 
 
 
 
 
 

 
Fig. 1: Fracture modes  

End Slit Load (ELS), End notched flexure (ENF) 

specimen and 4point End Notched Flexure (4ENF) 

specimen can be used to study the fracture toughness of 
second mode for composite laminates. ENF specimen 

evolved to be most effective tests for mode II fracture [4]. 

Russell [4] first presented the use of the End Notched 

Flexure (ENF) specimen as shown in fig2 for the mode II 
fracture toughness. Carlsson et al. [5] investigated the 

dependency of specimen preparation for mode II (GIIC) 

fracture toughness using the data reduction technology. 
Standard mode II inter-laminar fracture toughness using 

ENF test, the procedure for preparation of specimen and 

testing for a unidirectional fiber reinforced polymer 

composite is standardized in ASTM D7905/D7905M-14.  
[6]. Inter laminar fracture toughness for an End Notched 

Flexure specimen in sliding mode crack propagation for 
fiber reinforced polymer laminate is obtained from fracture 

mechanics approach. The present investigation, ENF 

specimen is prepared such a way that it contains a pre-crack 

of required length at mid-section starting from one of the 
specimen edges. ENF specimen undergone a three point 

bending test by applying mid load on the simply supported 

beam, the load in turn creates the tension on the surface 
under the crack and surface over crack compression further 

stress is developed at the crack tip therefore the crack 

initiate growing. The load at which the crack growth is 

initiated is called the critical load. The energy required for 
the crack to grow is the strain energy. The energy release 

per unit area of crack growth is strain energy release rate. At 

the critical load strain energy release rate is known as inter 
laminar fracture toughness of mode II ‘GIIC’ or the critical 

strain energy release rate.  
 
 
 
 
 
 
 

Fig. 2: End Notched Flexure specimen  
Griffith proposed a theory to find the strain energy 

release rate for studying the crack behavior before failure 

http://www.jetir.org/


© 2019 JETIR  February 2019, Volume 6, Issue 2                                              www.jetir.org  (ISSN-2349-5162) 

 JETIRAB06035 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 206 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The above method to find the strain energy release 

rate using the compliance is also called as compliance 
calibration method. 

 
II. EXPERIMENTAL WORK 

 
Hand lay-up method is used to fabricate the End Notched 
Flexure Specimen as per ASTM standard shown in fig 3. 
Three specimens are prepared varying the percentage of 
fiber volume to 0.4, 0.5 and 0.6. E-glass fibers are 
considered as reinforcing material and epoxy as the matrix 

element. The fibers are laid up unidirectional with 0
0
 

orientations. Pre-crack is made by inserting a non-adhesive 
film made of polytertafluroethylene (PTFE) at the mid-
section of the specimen as shown in fig4.  

Material Epoxy E-glass 

Density, ρ (kg/m3) 1200 2600 

Elastic modulus (GPa) 4.5 74 

Shear modulus (GPa) 0.034 0.032 

Poisson’s ratio 0.4 0.25 

Table.1: Material Properties  
 
 
 
 
 
 
 
 

Fig. 3: ENF specimen as per ASTM standards  
 
 
 
 
 
 
 

 

Fig. 4: Release film in ENF specimen 

 

A nominal displacement control of 0.5 mm/min is 

applied on the three point bending test on ENF sample as 
shown in fig.5. The critical strain energy release rate is 

calculated by considering the critical load at which the crack 
starts propagating obtained from the load against deflection 

curve in three point bending test using the equation 1.4.  
Fiber volume 0.4 0.5 0.6 

E11 (GPa) 32.3 39.25 46.2 

E12=E13 (GPa) 7.207 8.484 10.31 

ᶹ12=ᶹ13 0.34 0.325 0.31 

G12=G13 (GPa) 32.771 32.969 33.17 

Table. 2: Elastic constants of the composite  
Where,  
E12=E13: Transverse young’s modulus 

E11: Longitudinal young’s modulus 

G12= G13: Shear modulus  
ᶹ12= ᶹ13: Poisons ratio  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 5: Three point bending test  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6: Crack growth while at critical loading 

 

III. EXPERIMENTAL RESULTS 
 

Fiber volume fraction 0.4 0.5 0.6 

Critical load (PC) N 2315.886 2281.9241 3124.563 

Critical strain energy    

release rate (GIIC) 1.86 1.49 2.377 

J/mm
2 

   

Table.3: Experimental outcomes 
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IV. NUMERICAL ANALYSIS 
 
Numerical analysis of crack growth is done with a data 
reduction technique known as Virtual Crack Closure 

Technique (VCCT). Strain energy release rate components 

in each mode are calculated using VCCT. Virtual Crack 
Closure Technique to determinate the G components in each 

mode crack tip forces and the displacements of the nodes 

during the process of delamination are used. An assumption 

is made in VCCT that the energy released while the crack 
grows from ‘a’ to ‘a+Δa’ and the energy required to close 

the crack are same. The strain energy release rate 

components for eight nodded solid components are 
calculated using the following formula. 

 
 
Δa is length of the crack and ‘b’ is the width.  
XLi, YLi and ZLi are the Crack tip Forces.  
From a single analysis in this method Strain Energy release 
rates, GI, GII and GIII can be calculated. 

 

V. NUMERICAL RESULTS 

 

Fiber volume fraction GIIC , in VCCT (J/mm2) 

0.60 0.75222 

0.50 0.48649 

0.40 0.62705 

Table 4: VCCT numerical results 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 7: VCCT method  
SOLID185, TARGET170 and CONTA174 are the 

elements used in the analysis. ANSYS software is used for 
this purpose.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 8: ENF Finite Element model 

 

 
Fig. 9: Numerical and Experimental results comparison 

 
VI. CONCLUSION 

 
The study on the behavior of mode II crack propagation to 
obtain the Strain Energy Release Rate for different 
percentage of volume of fiber was done.  

End Notched Flexure specimens were fabricated in 
hand lay-up method for fiber volumes 40%, 50% and 60% 

The outcomes from experimental and numerical methods 
evidently show that specimen having fiber volume 60% is 

evaluated to have higher inter-laminar fracture toughness in 
sliding mode.  

In GFRP, inter-laminar fracture toughness in lower 

composition of fiber volume varies insignificantly. 
Therefore, higher glass fiber volume composition for the 
resistance to crack growth in GFRP laminated composite is 

favored.  
Critical strain energy release rate obtained in both 

the numerical and the experimental investigation very near. 
In the present investigation the conclusions are fairly 
accepted. 

 

VII. SCOPE FOR FUTURE WORK 
 
Inter-laminar fracture toughness for different initial crack 
length can be varied and compere the behavior of fracture 
with each other in End Notch Flexure Specimen.  

Can obtain the inter-laminar fracture toughness for 
the mixed mode I/mode II.  

In a Glass Fiber reinforced polymer composite 
mode III crack propagating behavior can be studied. 

 

REFERENCE 
 
[1] Amit Kumar Tanwer, “Mechanical Properties Testing 

of Uni-directional and Bi-directional Glass Fiber  
Reinforced  Epoxy  Based  Composites”,  International 

 

 
 

http://www.jetir.org/


© 2019 JETIR  February 2019, Volume 6, Issue 2                                              www.jetir.org  (ISSN-2349-5162) 

 JETIRAB06035 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 208 
 

 
 

Journal of Research in Advent Technology, Vol.2, 

No.11, November 2014 E-ISSN: 2321-9637 

[2] Sandeep M.B, D.Choudhary, Md. Nizamuddin Inamdar,  
Md. Qalequr Rahaman, “Experimental study of effect of 
Fiber Orientation on the Flexural strength of 

glass/epoxy composite material”, IJRET: International  
Journal of Research in Engineering and Technology 
eISSN: 2319-1163 , pISSN: 2321-7308, Volume: 03 
Issue: 09 , Sep-2014  

[3] R.Marat Mendes, M. Freitas, “DCB, ENF AND ECT 
Tests for Interlaminar Fracture of glass/epoxy 

Unidirectional laminates”,10
th

 Portuguese Conference 
on Fracture – 2006.  

[4] Russell, A.J., “On the measurement of mode II 
interlaminar fracture energies”, Defence Research, 
Establishment Pacific, Victoria, Material report 82, 
December, 1982.  

[5] Carlsson,  L.A.,  Gillespie,  J.W.,  and  Trethewey,  B.,  
“Mode II interlaminar fracture toughness in 
graphite/epoxy and graphite/PEEK composites”, Reinf.  
Plast. Compos., 5(1986), pp.170-87.  

[6] “Standard test method for mode II interlaminar fracture 
toughness of unidirectional fiber reinforced polymer 

matrix composites”. D7905/D7905M-14, ASTM 
International, oct 2001.  

[7] Griffith, A.A., “The theory of rupture”, Proc. 1st Int. 
Congress Appl. Mech. (1924), pp. 55-63, Biezeno and 
Burgers ed.. Waltman, 1925.  

[8] Gwo-Chung Tsai, “Design of Composite ENF 

Specimens and Conduct Three-Point Test to Calculate 
Mode II Fracture Toughness”, 9th International 
Conference on Engineering Education, july 23-28 2006, 

no. R4D-18 to 22.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

http://www.jetir.org/

