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3.1.2 A slanted edge cracked plate with a circular hole subject to shear loading 

Figure 3 shows a line diagram and FE meshing of an isotropic finite slanted edge cracked 
plate with a circular hole subjected to shear loading. The evaluated values of the 
MMSIFs, KI and KII, of the slanted edge cracked plate with hole under shear loading for 
different crack length (a) and angles ( ) using XFEM are shown in Table 4. 

Figure 3 (a) A line diagram (b) An FE meshing of an isotropic finite slanted edge cracked plate 
with a circular hole under in-plane shear loading (see online version for colours) 

  
(a)     (b) 

Figure 4 shows the fracture behaviour of a slanted edge cracked plate with a circular hole 
and without any hole under shear loading in terms of MMSIFs, KI and KII, with different 
crack lengths and crack angles. 

From Figure 4, for a particular crack length, as the crack length is increased the 
values of Mode-I SIFs, KI, of the slanted edge cracked plate with hole are increased 
continuously from crack angles  = 0  to 75  for crack length a = 1.0 mm and 1.5 mm 
but are decreased from crack angles  = 0  to 90  for crack length a = 2.0 mm. The 
values of Mode-II SIFs, KII, of the plate with and without hole are increased continuously 
from crack angles  = 0  to 45  and are decreased from crack angles  = 45  to 75  for 
crack length a = 1.0 mm. The SIFs are further increased from crack angles  = 75  to 
85 . 
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Table 4 MMSIFs of a slanted edge cracked plate with a circular hole under shear loading 

 a 
KI KII 

a 
KI KII 

a 
KI KII 

( )Pa mm  ( )Pa mm  ( )Pa mm  

0  1.0 mm 12.780 1.208 1.5 mm 16.142 2.085 2.0 mm 20.137 3.133 

15  11.267 2.882 13.713 3.939 16.406 5.034 

30  9.071 3.808 10.639 4.726 12.226 5.571 

45  6.619 3.948 7.505 4.624 8.238 5.201 

60  4.260 3.400 4.724 3.823 4.997 4.126 

75  2.152 2.235 2.398 2.472 2.505 2.600 

85  3.617 2.538 1.934 2.319 1.063 1.323 

Figure 4 Behaviour of MMSIFs, (a) KI and (b) KII, of a slanted edge cracked plates with a 
circular hole and without hole subjected to shear loading (see online version  
for colours) 

  
(a)     (b) 

For crack lengths a = 1.5 and 2.0, the values of Mode-II SIFs, KII, of the plates are 
increased continuously from crack angles  = 0  to 30  and are decreased from crack 
angles  = 30  to 75 . The SIFs are increased and decreased from crack angles  = 75  to 
85  for crack lengths a = 1.5 and 2.0, respectively. 

The values of Mode-I SIFs, KI, are the highest and the lowest at crack angles  = 0  
and 90  for crack lengths a = 1.5 and 2.0, respectively but are the highest and the lowest 
at crack angles  = 0  and 75  for crack lengths a = 1.0. The values of Mode-II SIFs, KII , 
are the lowest and the highest at crack angles  = 0  and 45 , respectively for crack 
length a = 1 mm. But, these values are the lowest and the highest at crack angles  = 0  
and 30 , respectively for crack lengths a = 1.5 and 2.0 mm. Further, as the crack angle is  
 
 
 



   

 

   

   
 

   

   

 

   

   120 K. Khatri and A. Lal    
 

    
 
 

   

   
 

   

   

 

   

       
 

increased the gaps between the curves of the values of MMSIFs, KI and KII, of the 
respective plates are continuously decreased from crack angles  = 0  and 75 . The 
values of MMSIFs of the slated edge cracked plate with and without hole under shear 
loading are much critical as compared to the same plates under tensile loadings, 
respectively. 

3.1.3 A slanted edge cracked plate with a circular hole subject to combined 
loading 

Figure 5 shows a line diagram and FE meshing of an isotropic finite slanted edge cracked 
plate with a circular hole subjected to combined loading. The evaluated values of the 
MMSIFs, KI and KII, of the slanted edge cracked plate with hole under combined loading 
for different crack length (a) and angles ( ) using XFEM are shown in Table 5. 

Figure 5 (a) A line diagram (b) An FE meshing of a finite slanted edge cracked plate with a 
circular hole under combined loading (see online version for colours) 

  
(a)     (b) 

Figure 6 shows the fracture behaviour of a slanted edge cracked plate with a circular hole 
and without any hole under combined loading in terms of MMSIFs, KI and KII, with 
different crack lengths and crack angles. 

From Figure 6, the fracture behaviour of the plates under combined loading is similar 
but much critical as compared to that of the plates under shear loading. 
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Table 5 MMSIFs of a slanted edge cracked plate with a circular hole under combined loading 

 a 
KI KII 

a 
KI KII 

a 
KI KII 

( )Pa mm  ( )Pa mm  ( )Pa mm  

0  1.0 mm 15.045 1.209 1.5 mm 19.317 2.086 2.0 mm 24.524 3.135 

15  13.414 3.221 16.721 4.388 20.536 5.624 

30  10.901 4.404 13.166 5.524 15.574 6.631 

45  7.992 4.654 9.347 5.560 10.567 6.397 

60  5.137 4.043 5.867 4.655 6.386 5.149 

75  2.573 2.659 2.939 3.008 3.145 3.234 

85  3.589 2.809 1.843 2.623 1.308 1.626 

3.2 Comparison between the behaviour of MMSIFs of a slanted edge cracked 
plate with and without a circular hole subject to various in-plane loadings 

Under all loading conditions, the behaviour of the values of MMSIFs, KI and KII, of the 
slanted edge cracked plate with and without hole are similar as mentioned in  
Subsection 3.1. 

Figure 6 Behaviour of MMSIFs, (a) KI and (b) KII, of a slanted edge cracked plates with a 
circular hole and without hole subjected to combined loading (see online version  
for colours) 

  
(a)     (b) 

Under tensile loading (Figure 2), as the crack length is increased the gaps between the 
Mode-I SIFs, KI, of both the plates are increased and values are higher for the plate with a 
hole because the influence of the stress concentration of the circular hole on the crack tip 
is higher for the longer crack length as the tip of the longer crack is much near to the 
stress concentration zone of the circular hole. As the crack angle is increased the gap 
between the values of Mode-I SIF, KI, of both the plates are decreased because as the 
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crack angle is increased the tip of the crack is moved away from the hole so there is the 
less influence of the stress concentration of the hole on the crack tip. 

Under tensile loading, at crack angle  = 0 , the values of Mode-II SIFs, KII, of both 
the plates are same (nearly zero) but as the crack angle increased the Mode-II SIFs, KII, of 
the plate with a hole are increased but nearly same with the plate without hole as for the 
crack lengths a = 1.0 and 1.5 mm from crack angles  = 0  to 30 . 

The Mode-II SIFs, KII, of the plate with hole are higher as compared to those of plate 
without hole for crack angle  = 45 . Therefore, the influence of the stress concentration 
of the hole is higher on the tip of the longer crack, i.e., a = 2.0 mm with higher crack 
angle  = 45 . Now, The Mode-II SIFs, KII, of both the plates are continuously decreased 
from crack angles  = 45  to 85  and the gaps between the curve of the plate with hole 
and without hole are also decreased. 

Under shear loading (Figure 4), as the crack angle is increased the gap between the 
values of Mode-I SIF, KI, of both the plates are decreased and nearly, there is no (less) 
gap from the crack angles  = 15  to 85 . Under shear loading, the influence of the stress 
concentration of the hole on the crack tip nearly vanishes after crack angle  = 15 . 

Under shear loading, at crack angle  = 0 , the gaps between values of Mode-II SIFs, 
KII, of both the plates are higher but as the crack angle is increased the gaps between 
these values are decreased to zero (nearly) from crack angle  = 0  to 45  and the values 
of the SIFs are same for both the plates from crack angle  = 45  to 85 . The values of 
Mode-II SIFs, KII, of the plate with hole are higher for longer crack and higher crack 
angle but the influence of the stress concentration on the crack tip is higher on the longer 
crack having smaller angles. 

Under combined loading (Figure 6), the behaviour of the values of MMSIFs, KI and 
KII, of the slanted edge cracked plate with and without hole are similar as mentioned for 
the plates under shear loading. The major difference is that the MMSIFs of the plates 
under the combined loading is much critical as compared to those of the plates under 
tensile and shear loadings individually. 

3.3 Comparison between the effects of applied various in-plane loadings on the 
behaviour of MMSIFs of a slanted edge cracked plate with a circular hole 

The values of MMSIFs, KI and KII, of the slanted edge cracked plate with and without 
hole under combined loadings are much critical as compared to those of the plates under 
shear and tensile loadings, individually. The slanted edge cracked plate with a hole under 
tensile loading is geometrically under mixed mode loading condition whereas the same 
plate under shear loading is geometrically as well as by loading is under mixed mode 
loading condition. Therefore the effect is multiplied by the influence of the stress 
concentration of the hole. Under combined loadings, the combined effect of the tensile 
and shear loading on the edge cracked plate with a hole is higher and the values of 
MMSIFs, KI and KII, are the most critical as compared to other loading conditions. 
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4 Conclusions 

The MMSIFs, KI and KII, of a slanted edge cracked plate with and without hole are 
increased with the increment in the crack length but as the crack angle is increased the 
Mode-I SIFs are decreased for particular crack length whereas Mode-II SIFs are 
increased. Due to the slanted crack, the fractured plate is the result of the combination of 
the Mode-I and –II of SIFs. The values of MMSIFs are the highest for the plate under 
combined loading and the least under tensile loading. The combined loading is critical for 
particular crack length and crack angle as compared to tensile and shear loadings. Also, 
the MMSIFs are critical for the plate with hole as compared to the plate without hole 
because the crack tip is under the influence of stress concentration of the circular hole 
and the stress intensity on the crack tip is increased. The crack tip of longer crack with 
smaller angle is highly influenced by stress concentration of the hole. 
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