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Cracks in composite structures are the most common damages. For example, cracks in thickness 
direction (translaminar fracture) would be due to inadvertent impact of the projectile with the aerospace 
structures. Most of studies, so far, aimed at studying the interlaminar crack propagation and emergence 
of the delamination phenomenon. In this paper, in an attempt to study the translaminar crack 
propagation of composites, test specimens were prepared in the form of butterfly from a woven glass-
epoxy composite by hand layup and the autoclave process. Experimental fracture tests were performed 
in the first mode, mixed-mode and the pure second mode by changing the loading angle, using a 
specially developed fixture, based on Arcan. Load versus displacement curves were obtained. Using 
critical loads of the tests and the dimensionless stress intensity factors, obtained from the finite element 
analysis by ABAQUS software, translaminar fracture toughness of the composite was determined. As 
the result, it can be seen that the opening mode translaminar fracture toughness is larger than the 
shearing mode toughness. This means that translaminar cracked specimen is tougher in tensile loading 
condition and weaker in shear. Finite element analysis was performed using effective elastic properties 
of the glass epoxy composite obtained from a homogenized woven composite model based on 
micromechanics. Finally, the effect of laminate thickness on the translaminar fracture toughness 
behavior of the glass epoxy composite has been studied. 
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Fig. 1 Define coordinate system and stress components around 
the crack-tip in mode-I ]17[      
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Fig. 2 Various loading modes  
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Fig. 3 Anisotropic plate containing a crack oriented at an angle 
 to the loading direction ]17[  
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Fig. 4 Failure modes of composite materials [18] 
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Fig. 6 New loading fixture butterfly specimen and it geometry  
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Fig. 7 Butterfly specimen test in mode-I & mode-II with    
new loading fixture 
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Fig. 8 Force-displacement curve obtained at 45 degrees mixed-
mode loading test 
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Table 1 Critical mixed mode fracture loads and their average

      

  0° 45°  60°  75°  90°  

 )N(  
1 4332.25270.46674.57472.88364.3
2 4408.45291.36842.57553.78555.5  
34457.45966.970247780.68727.2

)N(  
4399.33 5509.44  6847  7602.37 8549 

Fig. 9 Fracture surface at 0 degrees mode-I loading  
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Fig. 10 Fracture surface at 45 degrees mixed-mode loading  
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Fig. 11 Finite-element mesh pattern of a) the entire fixture and 
butterfly specimen b) around the crack-tip  
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Table 3 The elastic properties of composite
        

12=0.16  G12=4.41 GPa  E1=23.4 GPa  
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Fig. 12 Principal types of Load-Displacement Records in E399 
standard ]19[  
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Fig. 13 New designed fixture [28] 
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Fig. 15 Non-dimensional stress intensity factors vs. crack 
length ratio to width (a/w), t (mm) 
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Table 3 Average mixed-mode critical translaminar fracture toughness
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Fig. 17 Translaminar stress intensity factors vs. crack length 
ratio to width (a/w), t (mm) 
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Fig. 18 Translaminar stress intensity factors vs. loading angle, 
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Fig. 19 Translaminar stress intensity factors for angles between 
fabric across and crack line vs. crack length ratio to width (a/w) 

19    
  a/w   

7-   
                

     .         
             

   .          
     10         

 0.5         75     
              . 
            

              
         .   

             
 )  7.85KTLIC= (       

  ) 3.18 KTLIIC= (  .   
        I    II  

   .      I     
            II  

     .         
             

   .   I     II   . 
       I  II     

      .

8-   
mm   a  
GPa     E

      If
      IIf

Jm-0.5      G
jm-0.5 -J J

MPam0.5      KTLI  
MPam0.5     KTLII  
MPam0.5     KTLIC  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.1

7.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

                               8 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.17.3
https://mme.modares.ac.ir/article-15-2906-en.html


    

                   

  

338  13941511  

MPam0.5     KTLIIC  
N     CP  

mm    t
mm    w

degree         
     

MPa    ys  

9-   
[1] R. Haj-Ali, R. El-Hajjar, Crack propagation analysis of mode-I fracture in 

pultruded composites using micromechanical constitutive models, 
Mechanics of Materials, Vol. 35,No. 9, pp. 885–902, 2003.  

[2] R. El-Hajjar, R. Haj-Ali, In-plane shear testing of thick-section pultruded FRP 
composites using a modified Arcan fixture, Compos: Part B, Vol. 35,No. 5, 
pp. 421–428, 2004. 

[3]  R. Haj-Ali, R. El-Hajjar, A. Muliana, Cohesive fracture modeling of crack 
growth in thick-section composites, Engineering Fracture Mechanics, Vol. 
73,No. 15, pp. 2192–2209, 2006. 

[4] Q. Liu, M. Hughes, The fracture behavior and toughness of woven flax fiber 
reinforced epoxy composites, Composites: Part A, Vol. 39,No. 10,  pp. 
1644–1652, 2008.  

[5]  K.V. Arun, R. D. Kamat and S. Basavarajappa, Mechanism of Translaminar 
Fracture in Glass/Textile Fabric Polymer Hybrid composites, Journal of 
Reinforced Plastics and Composites, Vol. 29,No. 10,  pp. 254–264, 2008. 

[6] L. Xiangqian, R. Stephen, Hallett, Michael R. Wisnom a, N. Zobeiry, R. 
Vaziri, A. Poursartip. Experimental study of damage propagation in Over-
height Compact Tension tests, Composites: Part A, Vol. 40,No. 12, pp. 
1891–1899, 2009. 

[7] M.J. Laffan, S.T. Pinho, P. Robinson, L. Iannucci, Measurement of the in situ 
ply fracture toughness associated with mode I fibre tensile failure in FRP. 
Part II: Data reduction, Composites Science and Technology, Vol. 70,No. 4, 
pp. 606–613, 2010.  

[8] M.J. Laffan, S.T. Pinho, P. Robinson, L. Iannucci, Measurement of the in situ 
ply fracture toughness associated with mode I fibre tensile failure in FRP. 
Part  II:  Size  and  lay-up  effects,  Composites Science and Technology, Vol. 
70,No. 4,  pp. 614–621, 2010.  

[9] M. Rokbi , H. Osmani , N. Benseddiq, A. Imad, On experimental investigation 
of failure process of woven-fabric composites, Composites Science and 
Technology, Vol. 71,No. 11, pp. 1375–1384, 2011. 

[10] M.J. Laffan, S.T. Pinho, P. Robinson, A.J. McMillan, Translaminar fracture 
toughness: The critical notch tip radius of 0o plies in CFRP, Composites 
Science and Technology, Vol. 72,No. 1,  pp. 97–102, 2011. 

[11]  R.  F.  Teixeira  ,  S.  T.  Pinho  ,  P.  Robinson  ,  Translaminar  ply  fracture  
toughness of advanced composites, 18TH International Conference on 
Composite Materials, Jeju Island, South Korea, 2011. 

[12] M.J. Laffan , S.T. Pinho, P. Robinson , Mixed-mode translaminar fracture of 
CFRP: Failure analysis and fractography, Composite Structures, Vol. 95,No. 
1, pp. 135–141, 2013. 

[13] F. Hou , S. Hong , Characterization of R-curve behavior of translaminar 
crack growth in cross-ply composite laminates using digital image 
correlation, Engineering Fracture Mechanics, Vol. 117,No. 1,  pp. 51–70, 
2014. 

[14]  N.  Blanco  ,  D.  Trias  ,  S.T.  Pinho  ,  P.  Robinson  ,  Intralaminar  fracture  
toughness characterization of woven composite laminates. Part I: Design and 
analysis of a compact tension (CT) specimen, Engineering Fracture 
Mechanics, Vol. 131,No. 5, pp. 349-360, 2014. 

[15]  N.  Blanco  ,  D.  Trias  ,  S.T.  Pinho  ,  P.  Robinson  ,  Intralaminar  fracture  
toughness characterization of woven composite laminates. Part II: 
Experimental characterization, Engineering Fracture Mechanics, Vol. 
131,No. 5, pp. 361-370, 2014. 

[16] D. Boyina, A. Banerjee, R. Velmurugan, Mixed-mode translaminar fracture 
of plain-weave composites, Composites: PartB, Vol. 60,No. 5, pp.21–28, 
2014. 

[17] A. Shukla, Practical Fracture Mechanic in Design, 2nd ed., University of 
Rhode Island, Kingston, Rhode Island, U.S.A., Marcel Dekker, pp. 313, 
2005. 

[18] M.J. Laffan, S.T. Pinho, P. Robinson, A.J. McMillan, Translaminar fracture 
toughness testing of composites: A review, Polymer Testing, Vol. 31,No. 3,  
pp. 481–489, 2012. 

[19] ASTM Standard E 399-06: Standard Test Method for Linear-Elastic Plane-
Strain Fracture Toughness KIC of Metallic Materials, Annual Book of 
ASTM Standards, 2006. 

[20] M. Nikbakht, N. Choupani, Experimental investigation of mixed-mode 
fracture behavior of woven laminated composite, Journal of Materials 
Science, Vol. 44, pp. 3428–3437, 2009. 

[21] R. El-Hajjar, R. Haj-Ali, In-plane shear testing of thick-section pultruded 
FRP composites using a modified Arcan fixture, Compos: Part B Vol. 35,No. 
5,  pp. 421–428, 2004. 

[22] M.H. Heydari, N. Choupani, M. Shameli, Experimental and Numerical 
Investigation of Mixed-Mode Interlaminar Fracture of Carbon-Polyester 
Laminated Woven Composite by Using Arcan Set-up, Appl Compos Mater, 
Vol. 18,No. 6, pp. 499–511, 2011. 

[23] S. R. Hosseini, N. Choupani, A. R. M. Gharabaghi, Experimental Estimation 
of Mixed-Mode Fracture Properties of Steel Weld, World Academy of 
Science, Engineering and Technology, Vol. 41, No. 6, pp. 770-775, 2008. 

[24] A. Es'hagi Oskui, N. Choupani, E. Haddadi, Experimental and numerical 
investigation of fracture of ABS polymeric material for different sample's 
thickness using a new loading device, Polymer Engineering & Science, Vol. 
54, No. 9, pp. 2086-2096, 2014. 

[25] ASTM Standard D 5045: Standard Test Methods for Plane-Strain Fracture 
Toughness and Strain Energy Release Rate of Plastic Materials, Annual 
Book of ASTM Standards, 1999. 

[26] E.E. Gdoutos, Fracture Mechanics, Springer, Second Edition: Democritus 
University  of  Thrace,  Xanthi,  Greece;  ISBN  1-4020-2863-6, pp. 126-128, 
2004. 

[27] J. Li, M. Zhao, X. Gao, X. Wan, J. Zhou, Modeling the stiffness, strength, 
and progressive failure behavior of woven fabric-reinforced composites, 
Journal of Composite Materials, Vol. 48, No. 9, pp. 735–747, 2014. 

[28] A. Es'hagi Oskui, N. Choupani, Development & Design of an Experimental 
Setup for Determining of Mixed Mode Fracture Toughness, MSc Thesis, 
Department of Mechanical Engineering, Sahand University of Technology , 
Tabriz,2012. (In Persian ). 

[29] N. Choupani, Experimental and numerical investigation of the mixed-mode 
delamination in Arcan laminated specimens, Material Science Engineering 
A, Vol. 478, No 1-2, pp. 229-242, 2008.  

[30] A. E. Oskui, N. Choupani and E. Haddadi, Experimental and numerical 
investigation of fracture of ABS polymeric material for different sample's 
thickness using a new loading device, Polymer Engineering Science, Vol. 54, 
Issue 9, 2086–2096, 2014. 

[31] ABAQUS User's Manual Version 6.5, Pawtucket, USA, Hibbitt, Karlesson, 
Sorensen, 2004. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

11
.1

7.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

21
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.11.17.3
https://mme.modares.ac.ir/article-15-2906-en.html
http://www.tcpdf.org

