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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. 5 composite plate curing in an auto-clave set 
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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  
 10      45 

6-   
             

           
  .   

   .  
ABAQUS  .

 
 .

 0.25  
  . 6  
  

 1.4 
    
 11   

Fig. 11 Finite-element mesh pattern of a) the entire fixture and 
butterfly specimen b) around the crack-tip  
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Table 2 Specifications of input geometry in Abaqus

  
w=30mmt=10mma=15.9mm
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Table 3 The elastic properties of composite
        

12=0.16  G12=4.41 GPa  E1=23.4 GPa  
13=0.36  G13=1.94 GPa  E2=23.4 GPa  
23=0.36  G23=1.94 GPa  E3=7.45 GPa  

Fig. 12 Principal types of Load-Displacement Records in E399 
standard ]19[  
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Fig. 13 New designed fixture [28] 

 13     ]28[  



    

                   

  

336  13941511  

      )CPE8R (       10 
        J   . 

 ]31[.  
14             

0.53    10        
           

 .
 75 
75 

 .
  .

30   .0.2 0.7 
15  . 15 

0.4 
  

Fig. 14 Non-dimensional stress intensity factors vs. loading 
angle, t (mm) 
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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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Fig. 16 Translaminar 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

                        

 

  

)MPa m(  

  
0° 45°  60°  75°  90°  

 7.85 6.98 5.92 3.51 - 

-  1.48 2.24 2.77  3.18 
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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, 

t (mm) 
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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) 
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