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In the present study, in order to evaluate the elastic displacement field and subsequently the
fracture parameters within the isotropic homogeneous elastic solids with the edge or interior
cracks, the extended finite element method with level set technique was used to avoid the
disadvantages associated with the standard finite element method. An over deterministic least
squares method was utilized to determine the crack stress intensity factors as well as the
coefficients of the higher order terms in the Williams' asymptotic series solution for structures
containing crack in various modes of failure by fitting the series solution of displacement fields
around the crack tip to large number of nodal displacements obtained from the extended finite
element method. For validating the results, several cracked specimens subjected to pure mode I,
pure mode II, and mixed modes I/II loading were performed. Comparison with results available
from the literature obtained by other formulations reveals the efficiency and simplicity of the
proposed method, and demonstrate the capability of it to accurately capture the crack stress
intensity factors and the coef cients of higher order terms.
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1- Extended Finite Element Method (XFEM)
2- Singular elements 
3- Enrichment functions
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1- Level set method
2- Meshless or element-free method
3- The Cohesive Zone Model (CZM)
4- Fracture Process Zones (FPZ)
5- Cohesive traction-separation law (softening law)
6- Scaled Boundary Fnite Element (SBFEM)
7- Virtual Crack Closure-integral Method or Technique (VCCM or VCCT)
8- Modified Crack Closure Technique (MCCT)
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9- Partition of Unity Finite Element Method (PUFEM)
10- Interaction Integral
11- Finite element over deterministic method
12- Heavy side function
13- Singular function
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1- Strain-displacement matrix 
2- Surface traction vector 
3- Element body force vector 
4- Mode (opening mode) 
5- Mode II (sliding mode) 
6- Extended finite element overdeterministic method (XFEOD) 
7- V-notch tip asymptotic displacement field
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8- Kolosov constant
9- Shear modulus
10- Young's modulus
11- Poisson's ratio
12- Crack Rigid body displacements
13- Notch rigid body rotation

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

2.
33

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             4 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.2.33.1
https://mme.modares.ac.ir/article-15-9943-en.html


    

                      

139415 2  139  

  

)34(

[ ] =

( , ) ( , ) ( , ) ( , ) ( , ) ( , ) 0 ( , )
( , ) ( , ) ( , ) ( , ) ( , ) ( , ) 0 ( , )

( , ) ( , ) ( , ) ( , ) ( , ) ( , ) 0 ( , )
( , ) ( , ) ( , ) ( , ) ( , ) ( , ) 0 ( , )
( , ) ( , ) ( , ) ( , ) ( , ) ( , ) 0 ( , )

( , ) ( , ) ( , ) ( , ) ( , ) ( , ) 0 ( , ) ×( )
  

  
 3  ] 21[  

    
)  )  

4  - -   

   
   

2 > 2 + 2 + 1  .
) 31 ([ ] 

[ ] ) 35 36 (   
)35(  [ ] { } = [ ] [ ]{ }

)36(  { } = ([ ] [ ]) [ ] { }

  .
  

  . 
) 10 (  

) 36 .  (
   

 .
 

  

  
  

  .   
   .

  
  

5 -    
   .

  )  .37 (
  2 × 2 

 ( )   
) 3839 (]32.[ 

   4 -4 -  
)37(  = ( )

)38(  ( ) = 1 0.025( ) + 0.06( ) sec 2

)39(  
( ) = 1.22 0.231( ) + 10.550( )

21.710( ) + 30.382( )
 

 )40-42(
T   

)40(  = 2

)41(  = 2

)42(  = 4

  
  . 

(n=2)  
 .  

]31[]33[  
] 34 35[. ] 36 [

 ( 3)  
 .

(n=3)   
 ] 37.[

  ]38 [
 )  (

 
   .
 

 .
  

2w 

a 

h 

h 
2a 

2h 

2w 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

2.
33

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

13
 ]

 

                             5 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.2.33.1
https://mme.modares.ac.ir/article-15-9943-en.html


    

                       

  

140  139415 2  

   
  ] 40 [

]  .41 [
1   

  .] 42 [ 
 2   3 

 ]   .43 [  
4 

 .  .
] 44 45 [

 .  ]46 [5 
  .]  47 [ 

6   

 .  
 .] 48 [V  

 .
]49 [7 

    
  

  
   

   .
 8  ] 21 [

  
  

        
 

 .
   

5-1-   
 ) 5- .(

5- . 
 

= 30 GPa= 0.3

= 1 MPa= 0.2 mm 
  ( )   

 2 × 2

     
1   

1- Interaction Integral
2- Limited displacement extrapolation technique (LDET)
3- Ansys Software
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5- Super singular element method (SSEM)
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