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Abstract 
In this study , to examine the effect of different parameters on stress analysis of infinite plates with central quasi-square cutout using 
imperialist competitive algorithm and also to introduce general optimum parameters in order to achieve the minimum amount of 
stress concentration around this type of cutout on orthotropic plates are purposed. Basis of the presented method is expansion of 
analytical method conducted by Lekhnitskii for circular and elliptical cutouts. Design variables in this study include fiber angle, load 
angle, curvature radius of the corner of the cutout, rotation angle of the cutout and at last material of the plate. Imperialist 
competitive algorithm is the mathematical model and the computer simulation of human social evolution. Finite element numerical 
solution is employed to examine the results of present analytical solution. Overlap of the results of the two methods confirms the 
validity of the presented solution. Results ae showed  that by selecting the aforementioned parameters properly, less amounts of 
stress could be achieved around the cutout leading to an increase in load-bearing capacity of the structure. 

Keywords: Imperialist competitive algorithm, Infinite plates, Quasi- square cutout, Analytical solution. 
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�H���� �A �@��/@ T�	L����< v5
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 I	9- �7"� G*� �2 1�0J9��( 1 2/�"� 10[�0 �0[@0  

  

����J� �� �5�5=� `O? )�� H� ���D; iA�� ���� 9�A -�;���J� -

��? H� ��� �� -��6 O? � ��? I��) ���8A -�;90= γ  

27.2807= β 45= α �A (�b��� -�H�������/IA	� - O�< ��10  7�/�

O�< �� I��]E;.9� ��< ����11����J� ��A -�;���J� - 9�

 �� -��6 O? � ��? I�� �� �5�5=� `O? )�� H� ���D; iA�� ����

��? H� ���) ���8A -�;0= γ  6778/63= β 45= α�b��� -�H� �A (- 

 �	@�������/ ����H  .9� ��< �Q���  -θ� ����H  H	� -�� |�J� -

�� �Z/� �J � ��=� �A ��� �� �@��/@  �� ^��
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I	10-   �2 *B�8 ����"- I8 / 2/�"� ���<0 I81/0=w 

)Carbon/Epoxy(  

  

  

I	11- �2 *B�8 ����"- I8 / 2/�"� ���<0 I8  ��( �./0�

����(05/0=w  @0*9)�> (��?7�0/  
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���� {��G��� � �� ��< ���>
9� �����I J=��g  X��C ��1 

� 	A .9� ��< �Q����I 29 ��
A� ��9�� ����< �	A ��- �0 �=>3- 

�	1���E;�� ���=��� ��?- ��< �@��/@�2A	� H� ���>
9� �A �

��1���4
 ���8A-H�9  A�S�-��E2
9� ICA ��H 	; �� ���-   ���A

��J��	 8A���- ��	1 c
�b��;	- ?�	L� 	
E� ��I  F�� i�H�� ���J�

@��/@ T�	L�� 9�	A �����  ��	S .�	�@ ���8A -�;	
����� ���
� UV9

�� �Q��� ��< 7��A �@��/@ -�	A �5̀���	@.  

  

                                                           
12 Ce9000 Glass/Epoxy 
13 Graphite/Epoxy(T300/5208) 
14 Carbon/Epoxy(GY-70/934) 

X��C -�; 2  ��4 O�< ��	E; �A -�;12  ��14���8A 	���J�  � -

����H����H �FG	f -�A F�� � T���� - 	; �A 	���
� ���E� �2A

����H � ��A -�� 7�/� �� v5
Z� -�;��=�� �� �� �� ��N��E; .�;�
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 	A�	A ���8A F�� ���J� � ����214/2  ^��
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X��C -�; 2  ��4 ��� -	�@ �.�
� 7��� �b��� �9 	; �� �}m�� ��E

 �� ���8A F�� ���J� �9�	A ����05/0=w  /� 	@ -�	A K��	� �A

 � ������ /IA	� ��������/�<	A�	A ������ /2192/2 �214/2  �

3956/2  ���J� I�� H� ��< O3�? ^��
� H� �}����P .��< �� O3�?

�� ��/@ ��? I�	
8A �	��� �8�� �� ��9� �.�
� I�� �A 7��� �@

�� ��5A ����4; �?�	L -�;	
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8A O�< �A FG	f

4;. �� -�;����E� �A �C�� �A I��f12  ��14 �� D�� ��< �Q��� 7���

 �� ��< O3�? F�� ���J� I�	
/�A �� ��9� �.�
� I�� �A �
?�� �A

8A ��? �A |�A	� ���05/0=w  ����H ��45 �� �� �C�� �b���.�;�

 ����H �� ������/IA	�45  ���8A F�� ���J� I�	
/�A -���� �C��

 	A�	A 7� X��2� �� 9� ��<0394/7 ��   .�<�A  

  

K/��2-  H��a� ��( 1�.0/� �2 ����( `.��� ��?7�0/�:�	 

)Glass/Epoxy(  
0=w  

? @ A C.F.  

0 1/59  -  6595/2  

30 1/88  -  6596/2  

45  0  -  9915/2  

60  6/0  -  6595/2  

90 4/33 - 6595/2 

05/0=w  

? @ A C.F.  

0 1/69  7/44  3956/2  

30 90  0265/79  4650/2  

45  90  368/12  5786/2  

60  0  5114/77  4651/2  

90 0 3591/45 3956/2 

1/0=w  

? @ A C.F.  

0 6/88  45  70/2  

30 90  7312/11 9194/2  

45  0  0264/81  9275/2  

60  0  3094/10  9095/2  

90 0 0651/45 7041/2 

2/0=w  

? @ A C.F.  

0 90  9892/44  8932/4  

30 65/70  3199/86  3641/5  

45  21/1  1665/79  3935/5  

60  96/18  8176/3  3553/5  

90 471/0 02/45 8983/4 

 
  

K/��1- 0�02 �"#$ 207� b07c1 927:9�]15[  

�b��� ν
�


 G�
 
(GPa) 

E
 (GPa) E� (GPa) 

<��/�����/�12  25/0 6/27 69 69 

������/� �	@13  28/0  7.17  3/10 181  

�����/IA	��14
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K/��3- H��a� ��( 1�.0/� �2 ����( `.��� ��?7�0/>�@0*9 

)Graphite/Epoxy(  

0=w  

? @ A C.F.  

0 90  -  3717/2  

30 90  -  0834/3  

45  0  -  2916/4  

60  0  -  0834/3  

90 0 - 3717/2 

05/0=w  

? @ A C.F.  

0 90  9973/44  2192/2  

30 90  20499/9  5542/2  

45  0  6778/63  2691/3  

60  0  7989/80  5542/2  

90 0 9671/44 2119/2 

1/0=w  

? @ A C.F.  

0 90  998/44  6886/2  

30 90  85225/5 9639/2  

45  90  2857/22  1977/3  

60  0  9315/83  9639/2  

90 0 728/44 6886/2 

2/0=w  

? @ A C.F.  

0 8276/82  4977/56  3588/5  

30 90  6741/6 3632/5  

45  90  197/21  0576/6  

60  0  0008/83  3673/5  

90 0 7619/32 3588/5 

  
  

K/��4- H��a� ��( 1�.0/� �2 ����( `.��� ��?7�0/3(*? 

)Carbon/Epoxy(  
0=w  

? @ A C.F.  
0 90  -  2614/2  

30 90  -  7528/3  

45  0  -  6733/5  

60  0  -  7528/3  

90 0 - 2614/2 

05/0=w  

? @ A C.F.  
0 90  45  214/2  

30 90  2805/19  7423/2  

45  0  9335/59  1613/4  

60  0  3/148  7423/2  

90 0 150 214/2 

1/0=w  

? @ A C.F.  
0 90  7463/50  8618/2  

30 90  6169/12  0191/3  

45  90  2807/27  605/3  

60  0  3414/77  0206/3  

90 0 9072/38 8618/2 

2/0=w  

? @ A C.F.  

0 65  059/71  3188/5  

30 90  3719/12 3971/5  

45  90  492/24  0394/7  

60  0  2222/78  3486/5  

90 26 7606/18 3188/5 
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  C
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.
  

α(�C��)  

I	14- ��( 1�.0/� �2 ����( `.��� H��a� ��?7�0/3(*? 

)Carbon/Epoxy(  
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 ��< ���<� �b��� �9 	; �� F�� D�	E� I�	
E� �A 	.�� �� 	1����

 X��C �� ��< �Q��� ^��
� �A �C�� �A .9� ����	@ �Q��� ����J� I�� ��

5�� � �� ��9� �.�
� I�� �A 7��� I�	
E� -�	��� �@��/@ ����E;

� ��5A ��� ���� �� F�� ���J�� -�;	
����� y�=3 _�Z
�� �A 7���

 ���� �� (���8A F��)F�� ���J� OS��? ��  �� 9� �5�< �A ���8A

.�<�A   

  

K/��5-  ���8A ^��
�x=A ���� �b��� �9 -�	A �5̀�  

�b���  ? @ A w C.F.  

������/�/�<  0  004/71  995/44  04012/0  2695/2  

������/� �	@  0  90  004/45  03232/0  1691/2  

������/IA	�  0  001/0  998/44  026004/0  1081/2  
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