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 For ductile fracture, the toughness can be measured as a single parameter value or in a resistance curve 
format (J-R curve) and is often characterized by the J-integral for elastic-plastic materials. Because of 
their effectiveness in measuring toughness, the J-integral and J-R curve have become the most 
important material parameters in elastic-plastic fracture mechanics, and have been applied widely in 
practical engineering. Polymeric materials are widely  used for load-bearing structural applications and, 
therefore, understanding  their fracture properties is becoming more important. In this study, mixed-
mode I/II stable crack growth experiments were carried out on a commonly used polymeric material, 
polypropylene, using recently modified fixture. Multi-specimen R-curve method was used for obtaining 
J-R curves of different states of mixed-mode loading conditions from pure mode-I to pure mode-II by 
varying the loading angle by 15° steps in accordance with the standard ASTM-D6068 and then the  
resulting  R-curves  have  been  evaluated  to  determine  the  values  of initiation  toughness, JIC, 
following the  schemes of the E813 and E1820 standard procedures. Finite-element analyses were done 
by ABAQUS and mode-I and mode-II non-dimensional stress intensity factors and geometric work 
factors of elastic-plastic fracture were obtained for different conditions. Results show that for this 
material the value of JIC is much more than the value obtained for the JIIC. This material also exhibited 
a greater resistance to ductile crack growth in mode-I. 
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Fig. 1 Modified Arcan fixture [9] 
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Fig. 2 Modified and Improved Fixture  
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Fig. 3 Arbitrary contour around a crack tip and coordinates required in 
definition of the J-integral 
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Fig. 4 Definition of the elastic and plastic energy components (areas) 
for J calculation 
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Fig. 5 Schematic J-integral – crack growth, a, curve [12] 
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Fig. 6 J-R curve and JIC data-qualifying schemes according to ASTM 
standards;  a: E813-81  b: E813-87 [24,25] 
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Fig. 7 Definition of construction lines for data qualification of a J-R 
curve and JIC evaluation according to ASTM E1820-13  ]18[  
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Fig. 8 Standard tension test specimens  
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Fig. 9 Tensile testing machine; new fixture and tension specimen 
installed on it 
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Fig. 10 True strain-stress curves obtained from tension tests  
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Fig. 11 True stress versus true plastic strain curves obtained from 
tension tests 
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Table 1 Mechanical properties of polypropylene specimens 
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Fig. 12 Fracture butterfly-shape specimens and their preparing 
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Fig. 13 Fracture tests under mode-I, mode-II and I/II mixed-mode 
states with increment of 15 degrees for loading angle 
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Fig. 14 Some of displacement-load curves obtained from ductile 
fracture tests under in-plane mixed-mode conditions with increment 
of 15 degrees for loading angle 
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Fig. 15 Crack growth style in three loading conditions  
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Fig. 16 Breaking open to expose of the crack surface after  chilling 
specimens using immersion in liquid nitrogen 
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Fig. 17 Measurement of crack growth, a  [15] 
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Fig. 18 Meshing of the fixture and specimen in ABAQUS  
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Fig. 19 Mode-I and mode-II non-dimensional stress intensity factors 
versus mixed-mode I/II loading angle  
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Fig. 20 Mode-I total, elastic and plastic geometrical work factors; , 
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Fig. 21 Total work factor, , for several in-plane mixed-mode 
loading angle versus load  
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 JQ  
kJ/m2 a b0 
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2013 

30 10JQ Y =  15  C2=0.7626<1 
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Fig. 24 Polypropylene mixed-mode I/II J-R curves according to 
ASTM D6068   
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Table 3 Critical J-integral values and J-R curves equations for all 
studied mixed-mode I/II conditions 

 JC  kJ/m2 J-R R2 

0 28 J = 31.234 a
0.8184

 R² = 0.9955 
15 19 J = 28.085 a

 0.9302
 R² = 0.9951 

30 13.5 J = 22.408 a
 0.7871

 R² = 0.9854 
45 7 J = 17.629 a

 0.9179
 R² = 0.9908 

60 2.8 J = 11.152 a 0.991 R² = 0.9796 
75 0.9 J = 4.593 a 0.985 R² = 0.9812 
90 0.8 J = 3.0857 a 0.9718 R² = 0.9919 

JIIC II  .
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