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 This paper aims at optimizing the parameters involved in stress analysis of finite isotropic plates, in 
order to achieve the least amount of stress around a quadrilateral cutout located in a finite isotropic plate 
under in- plane loading using a novel Swarm Intelligence optimization technique called Ant lion 
optimizer. In analysis of finite isotropic plate, the effective parameters on stress distribution around 
quadrilateral cutouts are cutout bluntness, cutout orientation, plate’s aspect ratio, cutout size and type of 
loading. In this study, with the assumption of plane stress conditions, analytical solution of 
Muskhelishvili’s complex variable method and conformal mapping are utilized. The plate is considered 
to be finite (proportion of cutout side to the longest plate side should be more than 0.2), isotropic and 
linearly elastic. To calculate the stress function of a finite plate with a quadrilateral cutout, the stress 
functions in finite plate are determined by superposition of the stress function in infinite plate 
containing a quadrilateral cutout with stress function in finite plate without any cutout. Using least 
square boundary collocation method and applying appropriate boundary conditions, unknown 
coefficients of stress function are obtained. Moreover, the finite element method has been used to check 
the accuracy of results. The obtained results show that the mentioned parameters have a significant 
effect on stress distribution around a quadrilateral cutout and that the structure’s load- bearing capacity 
can be increased by proper selection of these parameters. 
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Fig. 1 Finite plate with cutout subject to in- plane loading. 
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Fig. 2 Conformal mapping of a finite plate with a tetrahedral cutout to a 
finite plate with a unit circle. 
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Fig. 3 The effect of parameter m on the cutout shape. 
3 m   

= Re[ ( )] = cos( ) +
cos( )

 )5( 

= Im[ ( )] = sin( ) +
sin( )

 )6( 

  )7( )9( 
]19.[ 

=
2 ( )

( ) ( )
( ( ) ( ) ( ) + ( ))  )7( 

=
2 ( )

( ) +
( )

( ( ) ( ) ( ) + ( ))  )8( 

=
( )

( ( ) ( ) ( ) + ( ))  )9( 

 ( )  ( ) 
 .( ) ( ) 

  .

 . 4 

 
 ]18[. 

 

 .

 .
   ( )( ) 
)10( )11( ]18.[  

( ) = +  )10( 

  

  

  

Fig. 4 Scheme of solution [18] 
4 ] 18[  

= +

  

  

 

 

 

 

x 
b 

a 
 

 
w( ) 

L 

Y 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
96

.1
7.

1.
22

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                             4 / 12

https://dorl.net/dor/20.1001.1.10275940.1396.17.1.22.2
https://mme.modares.ac.ir/article-15-3358-fa.html


    

         

1396171  15  

( ) = ( ) +  )11( 

25 
 . AnBnCn  Dn 

 )12(  

= + = +   
= + = +  )12( 

 
 .

  
)11(  .

   .
] 19.[ 

5 - 1 
 )ALO( 

2015  .
 

 
  .

 .

 .
 .3 

 .

 .
 .5

 (
 .

 .
 

]27.[ 

1-5 -    
 

)13( ]27.[  

)13(  
( ) = [0, cumsum(2 ( ) 1), cumsum(2 ( )

1), … , cumsum(2 ( ) 1)] 

 ) cumsum (N 
t  r (t)

)14( ]27.[  

1 Ant Lion Optimizer 

  
Fig. 5 Hunting behaviour of antlions [27] 
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Fig. 6 Random walk of an ant inside an antlion’s trap. [27] 
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Fig. 7 Convergence diagram for uni- axial loading 
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Fig. 8 Convergence diagram for bi- axial loading 
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Fig. 9 Convergence diagram for shear loading 
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Fig. 10 Finite element model of a plate with cutout 
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Fig. 11 Comparison of the finite element method with the present 
analytical method ( / = 1). 
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Fig. 12 Variations of the cost function in finite plate under uni- axial 
loading for different values of b/a  
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Fig. 13 Variations of the cost function in finite plate under bi- axial 
loading for different values of b/a 

13 /

   

 

Fig. 14 Variations of the cost function in finite plate under shear 
loading for different values of b/a 
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Fig. 15 Variations of the cost function with b/a for different loading 
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Fig. 16 Variations of the cost function in finite plate under uni- axial 
loading for different values of L/a 
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Fig. 17 Variations of the cost function in finite plate under bi- axial 
loading for different values of L/a 
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Fig. 18 Variations of the cost function in finite plate under shear 
loading for different values of L/a 
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Fig. 19 Variations of the cost function with L/a for different loading 
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