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8��9�	 (��  � :); ����	  <�	= <���>1�	� � �?� ���0= (�� �� 1�@�� �A�/ �
0> �� �B���� <A�/  �5(BESO)  �� ��, ��0�2�� 1�	325�6� �CD= E/��

�� F�G�� ���� F�� � ); 1A� �� HG; 
��� �� ����3�/ 	
����� .� �= ����	  ��� I��� �= �@5 J�� �= .��, 1��= 1�
��� <�5 � �?� � :);   (�� �BESO 

�?� � :); ����	  ��A�/ �
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8����� I��� �= �� ); HG; 
��� M��7 � �= �
; ���	�� ��N A� �D= ����� �CD= �� 1��� �
 �� ���0= �� � ��, ��� � 

�� OP�
� �
;  (�� �M5�6� J�� �� .��,BESO �� ���0= �B�, �= 
����Q� �� �=��  .����� �� �B�P <�5 	
@� 1��A �� <��0�2�� (�� 	3�� 1��= �=

R	S  �G�
� �� <	
0= <�5�� �5�  .���0= ����A �� T�U� ��N �V��� �=  � M�� ���D� �� �= .�
/W��
/X� � .�
/X� 
��; �� �� �QYZ .� ��
8�/ <A�/

(�� �= ���0= J�� [��
� ��
L/  ���0= �A�/ �B���� <A�/  �5(ESO) ���� 1�2� 1� <	�	= � ����\� 1�	325�6� 	3�� <��0�2�� H
���3�� �  ��  .��,A� T�U�  <�5
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 	- �G�
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�:&# .�" .���' :0=��� A�/< B����� �A�/ �5� 0=��� A�/< B����� 
0> ��� �A�/ �5� 
L/�� ��D� M��T. 
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M.  H. Abolbashari 
 

Abstract  
Recently, some researchers proposed a new algorithm for the bidirectional evolutionary structural optimization (BESO) in which 
adding and removing of elements is controlled by a signal parameter of removal ratio of volume (or weight). Nevertheless, their 
BESO improvement suffers from some restrictions like premature stopping of the iterative process due to the closeness of the adding 
and removing coefficients. In this study, the BESO method is modified such that eliminates the previous restrictions and increase its 
efficiency significantly. Several examples are presented for structural optimization of a plate in two states of elastic and elasto-
plastic with stiffness and stress criteria. From the three examples, one can conclude that the modified BESO algorithm is more robust 
than the ESO and BESO algorithm previously proposed. It is also concluded the maximum stress and the performance index are 
improved in comparison with the case when the signal parameter is the same.  Overall, the proposed modification prevent the 
premature termination of the optimization process when the optimization process is based on the hard kill method with both adding 
and removing the elements. 
Keywords: Evolutionary structural optimization, Bidirectional evolutionary structural optimization, Stiffness, Equivalent stress.  
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�� 1�@�� �2�	� <b	�� �= T��D� �k���Bm��� �� 	��z� ��,i  �� 
/� F�

�� ��) �n=9 ��, ���� 1�2� ( ] 
/�11.[ 

 1� �� �� ���5� 1�2� �	- 1��� 	��z� ���	= < 1�@�� <�5i  F�

 � �� 1�@�� J�� �
L/ k�	���  
�/��; ��] J��	=��= .�,�=

                                                             
1 Checker board 
2 Compliance 

i�S 1�@�� HG; 	= H��\� �2�	� <b	�� i��Z �= 1�@�� J��� �n=�� r

)10�� O�	D� ( .��, 

3 - # BC7 ��%&/E .&/� ���,�F ?���67 (�@ 5��3-

G��4& G(/' �E�H& �"  

1�@�� 
�/��; ��] J��D� A� �D= ) �n=�� r�S �56 ���D� <�	= (

1�@�� ��
L/ �� T��D� M�� 1� 
�/��; ��] �� ���5 �n=�� �5  <

)11 �����	= �� (�� :); �A�/ A� ���� .���, 

 1� :�	S� �� ��� ��Z 	�A �n=�� �� ���@�� 
�/��; ��] 	-� �

�� � �?� 1�@�� .��, 
  

 E=��� J�� �� ��  �  <�	= ���
/� 
�/��; ���]� x��	� �=

����	  � �?� � :); �� 1�@�� 1�	� 
��� .@� �= � ��,�=  :); <�5

) �@G;�@G; � �?� � (3 )�� 
/� �= �BD  (  <�	= .����

 �A���/ ����8	�N .� �� 	�-� T�U�1000  �,��= ��
�,�� 1��@���

   �= �;	S �5��L= R�	S � �,�=8/0  HG;

 �BD     ��3�� ����� 
/� �= J�@5 �= � �

 �
P� x��	� �,�=. 

�8	N <   �� �
P� �� 1�@�� 1�	� � �?� � :); � ���Q� <�7>�


��� �= ��2� � �?� �A�/ �= �� :); �A�/ A� ���@�� ��5  � :); <�5

� �?� �� ����� �BD  < @5 I; �� �
P� �� �=�� .� km/ .��, �	3v	� 

�B���� ) (ER
��� �= ) E=���) �@G; � �?� � :); <�513�14 �((

�� � �?� �8	N .��,  ��� 
/� �= 	3�� J�0= R	S .� �� �
P� �� �5


��� J�� �= � �?� � :); <�5 �� ��	�� ���> <  ����	  .��,BESO 

�� OP�
� �
P� �D� �	a� ���� HG; �= 1��/� 	= 1�7 � �� ��, ��

) ML= �� �� OP��4 -1�� ���� ��?�� 1� ���� �� (  �����	= ��,

.��,  

  

4 - ) (/
��@ K1�� 5��3-PI(  

 � �5A	� ����P �= �A�/ ��N �� �� ����\� <�	= �	�B@] ^8�,
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� (�B

�� ��	P ���Y
/� !/�� ����\� ������� ���= �	�B@] ^8�, .�	�-  <�5

 .� 1�-���-�B~�� �A�/ �� r�	S J��= s�,�= �
,�� �� ��8 <  <

���0= �A�/ 4�L
�� �= ��>�� <�5��
8�/ J�= �� ���\� J�	
0= �= <�PI  

�� ^L2�� 	5 <�	= �=�L
�� �	�B@] ^8�, J��	=��= .��	- ���D
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4 -1-  A�- ���3�  

) �n=�� i��Z �= �	�B@] ^8�, 
��; J�� ��15�� 1��= (  ��,

 
�@� .� ��=� �D=  1� �	�B@] ^8�, �� �;	S .
/�@����  
/�

�� �
 	�)� J�0= ���0� R	S 1���] �= ]��,20.[  

�8	N ����	  ��  �n=�� �� ��, O�	D� ���	3@5 ���D� �� �
P� <�

)16� �?� � :); 
��� <�	= ���, �����	= (  J�0= R	S .� ����� <

�� 
/� �=  �n=�� J�� �� .���  �8	N �	�B@] <�n8i � F� 

=�2��� E/�� �� 
/� A�G� <�n8 �� J��D� R�	S ]��,24.[ 

 

4 -2- 
,D� ���3� 
���0= �B~�� A� :�5 ����� �= �>�� �=  
��; J�� �� <A�/=�2��� 

 �� HG; �;�� 	= �
L/ i��Z �= �	�B@] ^8�, �
/� �
L/ <A�/

�� �
 	- 	a� �n=�� i��Z �= �� ��, ) <17 ���� 1�2� (  �;�� � ��,

 1�[N -1mm-4] �� ]�,�=24.[  

 ��C  �V  J�0= R	S HG; � J�3���� k���Bm��� :	D� x��	� �=

��  ^8�, J�	�X�= ��
L/ J�	�X�= �= R	S .� J��	=��= .��,�=

.���� 7�� �� �	�B@] 

1�@�� A� �5�	- �� �Z�8 
��; �� 1� A� ��� �
; ��) �5  �= (�5

� �
/��� ��S�8	N �  ����	  �A�/ ����, � �?� � :); ����
� <�5

�� R�	S � �	� �5��L� �S �� �B����  y	  �����  <�	= �� ���


��� � �?� � :); <�5 � < ���� 
/� �= J�0= R	S .� ����

	5.��2� �����	= ���	3@5 ���D� 
/� J�@� �� ��N  

  

5 - ����� ��%&/E �+�� 
���
- .+�� �" 
���0= ����	  �/�A�/ �B���� <A �� �� �5  	�A I;�	� I�, �= 1���

:��@� �ZW8  

1 - H��\���	2  ���Q� <�7>� <��= �� �A�/ �;�	S ����� �@5 �� <�

.�5� M,��  

2 - <��)-��= �.���@��/ <A	� ���P ���@� T�@]� 1�@�� ���8 ��5  � �5

.�	�g 

3 - ���0= <�	= ���Y
/� ���� ���D� J��D�� M�� 9WU� �<A�/1  �� 7���

.�
L/  

4 - .�A�/ ���Q� <�7>� I�BQ�  

5 - �@5 <�	= 
�/��; ��] ��/�Q� 1�@�� <  ����D� r�S ��>�� <�5

)4) �� (10.(  

6 - �	- <�	= 
�/��; ��] ��/�Q� ) ����D� r�S ��>�� <�55.(  

7 - T��D
� 
�/��; ��] ��/�Q� �@5 <�	= ��, 1�@�� <  ��>�� <�5

) ����D� .@� �=6.(  

8 -  :);1�@�� ) �n=�� �� �� ���511�� ��Z (  1�	� � �?� � ����

1�@�� ��A� <�5A	� �� 1�@�� �n=�� �� ���5  ) <12�� �����	= �� (  .����  

9 - ) ����D� �� ���	3@5 ���D� 	-�16 �= J�0= R	S .� ��, �����	= (

�� 
/� ���0= ����	  � ���  �B;	� �= <A�/11 J�� 	�g �� �   �= i��Z

�B;	� �� <�D= .���  

10 -  J�0= R	S .� �= ��D� ��, ���8	= ���/�� 
��; .� �= 	-�

�� <�D= �B;	� �= � ���/�  I;�	� i��Z J�� 	�g �� ����5  ��10  ��

�� ��	�� J�0= R	S .� �= 1��/�  .���,  

11 - 
��� M��7 � ) E=��� r�S x��	� �= � �?� � :); <�513 � (

)14 I;�	� ��	�� � (4  ��9 �.	3�� J�0= R	S .� �= 1��/� �  

 �,�= ��8 HG; .� E\  1���� 
/� �= :�5 	-� X�= I;�	� ��

�� �/�	= HG; 1�@5 A� �D= ���	3@5 ���D�  M5�� w]�= J�� �� ��,

�� �;�	S ����	  1��A .��,  

  

6 - N�O� �"  

 y	  �= �QYZ �/ �<��0�2�� H
���3�� 
P� � ������ i��j� <�	=

�QYZ M�� � �� <� E��	, �= .�
/W��
/X� � .�
/X� 
��; �

���� ���0= OB
L� �5�- �� <A�/ ���0= I@] .���,  J�� <�� 	= <A�/


8����� y	  �= ��� �OB
L� 
��; �� �� i�QYZ   ���D�) M�� <A�/

 y	  �= <	3�� � �(T��D� M��=�2���  (�
L/ ���D�) �
L/ <A�/

�� F�G�� ���0= I@] .��, 	= 1�7 � <A�/  (�� �= ����> (��BESO 

 � �, � 	D� q��5 E/�� ��ESO �� F�G�� H5  	����� � 	
0= � ��,

�� ���� 1�2� (�� �� J�� �= 
��� ���> (�� 1��=  I��� �= .��,

 1�@5 <�	= H5 J�0= R	S [��
� � ��, I�BQ� �A�/ A� �@�� �0�� �1��\�

��, ���� 1�2� �@�� �/ ���Q� <�7>� I�BQ� <�	= .��� A� �A

F	� ��7 �ANSYS 5.4]25���0= �� J
,�� <�	= � [ F	� A� <A�/ ��7 � 

Matlab6.5]26 ��, ���Y
/� [  I�BQ� <�	= ��, ���Y
/� 1�@�� .
/�

 T�U� �/ 	5 �� ���Q� <�7>�Plane42  ��, �
 	- 	a� �� .
/�  

 

6-1  N�O�1  

���0= ����	  T�U� J�� ��  E��	, �� �QYZ .� <�� <A�/

���� -) I�, �� 1� <��)-��= � �5�1 �= 1�@�� u�� � ���� ���8 � (

) T��> �� 1� ���Q� <�7>� I�BQ� <�	= �
 � ���1 ��, ���� 1�2� (

�� F�G�� .��, 
  

 N#��1-  N�O� �(�� P&)11  #2  

30 T���  q��� (E) [MPa]  

100  T��� �
L/  .�
/W� (Eh) [Pa]  

24/0  M��  H�B�� (σy) [MPa]  

0  � x�	? 1�/��ν  
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(�� .@� �= ����� �	3���@5 �
L/ ��� y	  �= .�
/W��
/X�  <�5

ESO  �BESO  �= ��� OB
L� 
��; �� ��:); 
���  � �?� �

] 1����22
��� �= <	3�� � [  <�5 :);� �?� �  F�G�� OB
L� <

�� ��/� :�5 .��, �= ���0� HG; 130 
��; <�	= ����� HG; %

 �= � .�
/X�35 .
/� .�
/W��
/X� 
��; <�	= ����� HG; %

���� I�, �= 	3�� <�5  �� ERR=0.001 � 

ER=0.01 �� ��, �
 	- 	a� R	S [��
� .���  A� ���� 
/� �= <�5


��; � .�
/X� ���h� <�	= OB
L� <�5  �� x��	� �= .�
/W��
/X�  
  

  

 Q
�1-  N�O� Q
� ��,1��1  

I�,  <�52  �3 ��, ���� 1�2� T��> �� .���  <�52  �3 =�2���  �M��

 :�5 HG; �=) J�0= R	S �= 1��/� <�	= FAX 1��A � �	�B@] ^8�,

/X� � .�
/X� 
��; <�	= x��	� �= (���	� J���� �� ����� .�
/W��


����\� A� .
/� ��, I�, <  � .�
/X� (�� �� 	5 �� �5

 
/� �= [��
� �� 
/���� .�
/W��
/X�  	5 �� <	5�� ��Q� A� ����

����\� �= .��
�5 H5 ���, ���D� �� 	5 � (�� �/ T��> ���]� <  �5

��  J�0= R	S �.�
/W��
/X� � .�
/X� 
��; �� 	5 <�	= �� H���=

�=  (�� �� ���� 
/�BESO  �=
��� <�5 � �?� � :);  �= i��Y
� <

 1��= 	
2�= �T��D� M�� ���D� �� �	�B@] ^8�, 1��= 	
@� I���

 1��= 	
@� � �
L/ ���D� �� �	�B@] ^8�,=�2���  �� 	5 �� M��

�� 	
0= 	3�� (�� �� A� ���D�  F�G�� <�	= FAX 1��A 1��= H� .�,�=

���0= ����	   <A�/ ����	  �� �
��; �= 
��� (�� J�� ��BESO  �=


��� <�5 � �?� � :);  ��	= ���= 1���� <  .
/� �a;W� I=�P ��,

 �T��D� M�� ���D� y	  �= .�
/X� 
��; �� 9WU�=�2���  � M��

 (�� �� �
��; �� �	�B@] ^8�,BESO  �=
��� <�5  � :);

� �?�  F�G�� i��Y
� < ��  x���	� �= ��,MPa6373/0 �1+E1003/0 

 	�����\�� J��� �� 
�/��	=< 
��; J�� �� ��0
���  y	  1����

��  (�� � ���,ESO  x��	� �=MPa6393/0 �1+E1006/0  �

MPa6801/0 �1+E2018/0 
/� �=  ���� �� 1�2� �� ���  �5�=�2��� 

 �� 	3�� (�� �� 	5 A� ���> H
���3�� �� �	�B@] ^8�, � M��

/� <	
0= 
�D?�.
  
  

 

  

R4& -3 -  S#�ESO R4& -2 -  S#�BESO  #

BC7 ?*6�  �E�H& #

T#��,� 

R4& - 1 -  S#�BESO  #

BC7 ?*6�  �E�H& #

G�6
% 

R4& - G# N(�3� A�- ���3� U6�� 

   

V -3 -  S#�ESO V -2 -  S#�BESO  #

BC7 ?*6�  �E�H& #

T#��,� 

V - 1 -  S#�BESO  #

BC7 ?*6�  �E�H& #

G�6
% 

V - 
,D� ���3� 

 Q
�2- Q
� N�O� ��,�W& ?4�7 �( 5��� .�"1  

 
 

  
R4& -3 -  S#�ESO R4& -2 -  S#�BESO  #

BC7 ?*6�  �E�H& #

T#��,� 

R4& - 1 - S#� BESO #

BC7 ?*6�  �E�H& #

G�6
% 

R4& - G# N(�3� A�- ���3� U6�� 

   

V -3 -  S#�ESO V -2 -  S#� BESO #

BC7 ?*6�  �E�H& #

T#��,� 

V - 1 -  S#� BESO #

BC7 ?*6�  �E�H& #

G�6
% 

V - 
,D� ���3� 

 Q
�3- Q
�  N�O� ��,�X�),�W& ?4�7 �( 5��� .�"1 

  

R	S J�� �= 1��/� <�	= FAX 1��A  x��	� �= (�� �/ J�� �� �5

480 �900  �420 �� ����j �� �� �,�=  1��A i�� 
 	- �G�
� 1���

 (�� Oh� ���; ���> (�� �� FAXBESO ); x��	? �= � :

� �?�  ����	  �� FAX 1��A �N	-� �
/� 1���� <ESO  (�� A� 	
@�

�� 	
2�= 
P� �= ��� 
/� ���> <��0�2��  �� ��� 1���=�2���  M��

 (�� �� 	5 A� 1� �	�B@] ^8�, � BESO �=)
��� <�5  � :);

.���� ��	P <	��= 
�D?� �� (i��Y
� � 1���� � �?�  

  

6-2- N�O�2   

 �� T�U� J�� ��) I�, �� 1� ��
8�/4 1�@5 A� ���, ���� 1�2� (

) T�U� ���81(�� F�@� �
/� ��, ���Y
/� ( ) T�U� <�51 �G��� �� (

R	S [��
� � ��, T�@]� 7��  � .�
/X� 
��; �� <�	= J�0= <�5

I�, �� OB
L� ���D� �� �= .�
/W��
/X� ) <�55) � (6 ���� 1�2� (

 ��,  .���:W8	= �� �B�P T�U� 
��; �� J�0= R	S [��
�  .�
/X� <�5

 ��Q� A� [��
� �G��� �� ���
,�� �	  H5 �= 9W��� .�
/W��
/X� �

 .�
/X� 
��; �� 	5 �� ���0� HG; .��
�5 H5 ���, 9���	\� <	5��

 .�
/W��
/X� �35 % ������ HG;
��� <�5  �� �?� � :);=�2��� 

 x��	� �= �B���� x�	? � A�G� <�n89/0  �3/0  �001/0  �01/0  ��
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 �
 	-	a� ��, ���0= [��
� .��� T��> �� <A�/ ) <�54) � (5 ����� (

��, ����\� �= .��� T��> ���]� <  �� �	�B@] ^8�, 1��= 	
@� ��5

 �
L/ ���D� �� �	�B@] ^8�, 1��= 	
2�= �T��D� M�� ���D� �

	
@�  1��==�2���  (�� �� �= 
��� ���> (�� �� M����	3 ��  	5

�� ��5�2� ���D� �� ���D� y	  �= .�
/W��
/X� 
��; �� 9WU� .��,

 �N	-� �
L/���2�=  �= 1���� (�� �/ 	5 <�	= J�0= R	S �� M��

 �	�B@] ^8�, ��� ���� 
/�1��A �  J�� �= 1��/� <�	= FAX

R	S   x��	� �= ���> (�� �� �53 -E9050/0 � S 2340 (�� �� �

BESO  �=
��� <�5 � �?� � :); x��	� �= 1���� <3 -E8912/0  �

S4860  (�� �� �ESO  x��	� �=3 -E5335/0  �S1800 
/� �=  

����  	
2�= 	3�� (�� �� 	5 A� ���> H
���3�� �� �	�B@] ^8�, .���

R	S J�� �= 1��/� <�	= FAX 1��A �   
��; Oh� 9���	\�BESO  �=


���<�5 � �?� � :); .
/� 1���� <  

  

 
 Q
�4- N�O� Q
� ��,1��2  

  

 N#��2-  N�O� ��,�W& ?4�7 �( 5��� Y/Z [%�,�1 

 

 M��

=�2��� 

]MPa[ 

 ^8�,

�	�B@] 

 1��A

]S[ 

 ���D�

M�� 

(�� 

BESO 

 
���

:);  �

 � �?�

1���� 

6393/0 1006/0 E+1 900 

 
���

 � :);

 � �?�

i��Y
� 

6373/0 1003/0 E+1 480 

�(� ESO 7701/0 2018/0 E+1 420 

 ���D�

�
L/ 

(�� 
BESO 

 
���

 � :);

 � �?�

1���� 

6509/0 7408/0 E-3 1800 

 
���

 � :);

 � �?�

i��Y
� 

6452/0 7415/0 E-3 900 

(�� ESO 6853/0 9407/0 E-3 780 

  

  

6-3-  N�O�3  

�QYZ <��� ���8 � 
�DP�� ) I��, �� x��	� �= T�U� J�� <7 (

) T���> �6 ( {�=	� <��] � <��
8�/ [����
� .
/� ���, ���� 1�2�

���0= (�� �/ F�G�� �= 
��; �� <A�/  x��	� �= OB
L� <�5���D� � �5

I�, �� ) <�58) � (9T��> � ( ) <�57) � (8 ��, ����� (  HG; .
/�


=�j � ���0� ) T�U� �=�2� H
���3�� <�52��, y	  ( ����\� �= .���  <

��� �T��> ���]��= 
��� ���> H
���3�� 1��= 	����� 	3�� T�U� �� ��  

  

 N#��3-  ?4�7 �( 5��� Y/Z [%�,���,�X�),�W&  N�O�1 

 

 M��

=�2��� 

]MPa[ 

 ^8�,

�	�B@] 
 1��A]S[ 

 ���D�

M�� 

(�� 

BESO 

 
���

:);  �

 � �?�

1���� 

24/0 1029/0 E+1 900 

 
���

 � :);

 � �?�

i��Y
� 

24/0 1004/0 E+1 420 

(�� ESO 24/0 3230/0 E+1 420 

 ���D�

�
L/ 

(�� 

BESO 

 
���

 � :);

 � �?�

1���� 

24/0 6109/0 E-3 600 

 
���

 � :);

 � �?�

i��Y
� 

24/0 6147/0 E-3 120 

(�� ESO 24/0 3031/0 E-3 540 

  

   

R4& -3 -  S#�ESO R4& -2 -  S#�BESO 

 #BC7 ?*6�  �E�H& #

T#��,� 

R4& - 1 -  S#�BESO  #

BC7 ?*6�  �E�H& #

G�6
% 

R4& - G# N(�3� A�- ���3� U6�� 

   

V -3 -  S#�ESO V -2 -  S#�BESO  #

BC7 ?*6�  �E�H& #

T#��,� 

V - 1 -  S#�BESO  #

BC7 ?*6�  �E�H& #

G�6
% 

V - 
,D� ���3� 

 Q
�5- Q
� N�O� ��,�W& ?4�7 �( 5��� .�"2  

  

20 

10 
2 

1 



 

97 

 

�>
��8

 �
��

h
D�

�
�

 
�	P

�
�

 
�

;�
@Q

� 
�

�
J 

	2
���

�=
�

<
 

 
   

R4& -3 -  S#�ESO R4& -2 -  S#�BESO 

 #BC7 ?*6� #  �E�H&

T#��,� 

R4& - 1 -  S#� BESO #

BC7 ?*6�  �E�H& #

G�6
% 

R4& - G# N(�3� A�- ���3� U6�� 
   

V -3 -  S#�ESO V -2 -  S#� BESO #

BC7 ?*6�  �E�H& #

T#��,� 

V - 1 -  S#� BESO #

BC7 ?*6�  �E�H& #

G�6
% 

V - 
,D� ���3� 

 Q
�6- Q
�  N�O� ��,�X�),�W& ?4�7 �( 5��� .�"2 

  

�� N#4-  N�O� ��,�W& ?4�7 �( 5��� Y/Z [%�,�2  

 

 M��

=�2��� 

]MPa[ 

 ^8�,

�	�B@] 

1��A 

]S[ 

 ���D�

M�� 

(�� 

BESO 

 
���

:);  �

 � �?�

1���� 

4422/0 1179/0 E+1 1860 

 
���

:);  �

 � �?�

i��Y
� 

4390/0 1163/0 E+1 920 

(�� ESO 6538/0 3979/0 E+1 600 

 ���D�

�
L/ 

(�� 

BESO 

 
���

);:  �

 � �?�

1���� 

5623/0 3195/0 E-4 4260 

 
���

:);  �

 � �?�

i��Y
� 

5583/0 3220/0 E-4 2100 

(�� ESO 6923/0 2126/0 E-3 1200 

  

�� ���,� 	3�� (�� ��  ���D� � .�
/X� 
��; �� 9WU� .��,

 ��
L/���2�=  J�� �= 1��/� <�	= 1��A � �	�B@] ^8�, �M��

R	S  � �= ���> (�� �� �5 x��	 MPa9103/0 �2 -E1700/0  �

S1920 (�� �� �BESO  �=
��� <�5 � �?� � :);   x��	� �= 1����

MPa9514/0 �3 -E3215/0  �S2400  (�� �� �ESO  x��	� �=

MPa3421/1 �4 -E3493/0  �S840 
/� �=  ����  
��; J�� <�	= .���

 ���; ���> H
���3�� �� �	�B@] ^8�,5  (�� 	=�	=BESO  �=

���
 <�5 � �?� � :);  � 1���� <48  (�� 	=�	=ESO 
/�.  1��A

R	S J�� �= 1��/� <�	= FAX   ���; ���> (�� �� �58/0  (��

BESO  �=
��� <�5 � �?� � :);  J�= A� H�5��L= 	-� .
/� 1���� <

 �� ��X�= �	�B@] ^8�, �H� 1��A 	= ��W] �� �;	S �R	S �/ J��

 �H��� 4�L
�� �,�= �
,�� �= .
/� J�	
0= ���> (�� �� J�0= R	S

 ^8�, �M�� ���D� � .�
/W��
/X� 
��; �� �	3�� T�U� 1���]

R	S J�� �= 1��/� <�	= 1��A � �	�B@]   x��	� �= ���> (�� �� �5

1+E2112/0  �S960 (�� �� �BESO  �=
��� <�5 � �?� � :);  <

x��	� �= 1���� 1+E2326/0  �S2100  (�� �ESO  �= x��	�

1+E5416/0  �S720 
/� �=  ����  H
���3�� �� �	�B@] ^8�, .���

 (�� Oh� ���; ���>ESO  Oh� ���; (�� J�� �� FAX 1��A �

 
��;BESO  �=
��� <�5 � �?� � :);  1��A �N	-� .
/� 1���� <

 ����	  �� FAXESO  ��� 
/� ���> (�� A� 	
@�=�2���  � M��

� 	5 A� 1� �	�B@] ^8�, (�� �BESO .
/� 	
2�=  

  

 N#��5-  ?4�7 �( 5��� Y/Z [%�,���,�X�),�W&  N�O�2 

 

 M��

=�2��� 
]MPa[ 

 ^8�,

�	�B@] 

1��A 

]S[ 

 ���D�

M�� 

(�� 

BESO 

 
���

:);  �

 � �?�

1���� 

24/0 1319/0 E+1 2400 

 
���

 � :);

 � �?�

i��Y
� 

24/0 1220/0 E+1 1260 

(�� ESO 24/0 2521/0 E+1 960 

� ���D

�
L/ 

(�� 

BESO 

 
���

 � :);

 � �?�

1���� 

24/0 8912/0 E-3 4860 

 
���

 � :);

 � �?�

i��Y
� 

24/0 9050/0 E-2 2340 

(�� ESO 24/0 5335/0 E-4 1800 

 
  

  
Q
�7- N�O� Q
� ��,1��3  

  

  

  

2 

20 

5 



 

 

 

���
� 

��
�0

=
�

�
 

0=�
�� 

A�
/

< 
B�

��
�

� 

0

> 
��

� 
�A

�/
 5

... 
�

  

98  

 N#��6-  N�O� �(�� P&)13  

180  q��� T���  (E) [MPa]  

100  T��� .�
/W� �
L/  (Eh) [Pa]  

36/0  H�B�� M��  (σy) [MPa]  

0  1�/��� x�	? ( )  

  

  

   

R4& -3 -  S#�ESO R4& -2 -  S#�BESO 

 #BC7 ?*6�  #

T#��,� �E�H& 

4&R - 1 -  S#�BESO  #

BC7 ?*6�  �E�H& #

G�6
% 

R4& - G# N(�3� A�- ���3� U6�� 

   

V -3 -  S#�ESO V -2 -  S#�BESO  #

BC7 ?*6�  �E�H& #

T#��,� 

V - 1 -  S#�BESO  #

BC7 ?*6�  �E�H& #

G�6
% 

V - 
,D� ���3� 

 Q
�8- Q
�  N�O� ��,�W& ?4�7 �( 5��� .�"3 

  
  

 

R4& -3 -  S#�ESO R4& -2 -  S#�BESO 

 #BC7 ?*6�  �E�H& #

T#��,� 

R4& - 1 -  S#� BESO #

BC7 ?*6�  �E�H& #

G�6
% 

R4& - N(�3� A�- ���3� G# U6�� 
   

V -3 -  S#�ESO V -2 -  S#� BESO #

BC7 ?*6�  �E�H& #

T#��,� 

V - 1 -  S#� BESO #

BC7 ?*6�  �E�H& #

G�6
% 

V - 
,D� ���3� 

 Q
�9- Q
�  N�O� ��,�X�),�W& ?4�7 �( 5��� .�"3  

  

  

  

  

 
  

  

  

  

 N#��7-  N�O� ��,�W& ?4�7 �( 5��� Y/Z [%�,�3 

 

 M��

=�2��� 

]MPa[ 

 ^8�,

]�	�B@ 

1��A 

]S[ 

 ���D�

M�� 

(�� 

BESO 

 
���

:);  �

 � �?�

1���� 

8924/0 2312/0 E+1 2700 

 
���

:);  �

 � �?�

i��Y
� 

8278/0 2292/0 E+1 1440 

(�� ESO 2182/1 4302/0 E+1 1140 

 ���D�

�
L/ 

(�� 

BESO 

 
���

:);  �

 � �?�

1���� 

9514/0 3215/0 E-3 2400 

 
���

:);  �

 � �?�

i��Y
� 

9103/0 1700/0 E-2 1920 

(�� ESO 3421/1 3493/0 E-4 840 
 

 N#��8-  N�O� ��,�X�),�W& ?4�7 �( 5��� Y/Z [%�,�3 

 

 M��

=�2��� 

]MPa[ 

 ^8�,

�	�B@] 
1��A ]S[ 

 ���D�

M�� 

�(� 

BESO 

 
���

:);  �

 � �?�

1���� 

36/0 2326/0 E+1 2100 

 
���

 � :);

 � �?�

i��Y
� 

36/0 2112/0 E+1 960 

(�� ESO 36/0 5416/0 E+1 720 

 ���D�

�
L/ 

�(� 

BESO 

 
���

 � :);

 � �?�

1���� 

36/0 1215/0 E-2 3420 

 
���

 � :);

 � �?�

i��Y
� 

36/0 1180/0 E-1 1560 

(�� ESO 36/0 4935/0 E-3 600 



 

99 

 

�>
��8

 �
��

h
D�

�
�

 
�	P

�
�

 
�

;�
@Q

� 
�

�
J 

	2
���

�=
�

<
 

 

7 - ,���	 ^�/.  

R	S �= �>�� �= T�U� �� J�0= <�5 (�� �= ��, F�G�� <�5  <�5

ESO  �BESO �� �� �� 	5 �� J�0= [��
� ��N 	5 �� 
 	- �G�
� 1�

 H5 �=�2� M�= � H� <	5�� ��Q� A� �(�� �/ �= �
L/ � M�� ���D�

 ���\� ��� ��
�5=�2���  ����	  �� �
P� <�	= �	�B@] ^8�, � M��

���0=  �= <A�/
��� <�5 � �?� � :);  �� H5 ��, F�G�� i��Y
� <

.�
/W��
/X� H5 � .�
/X� 
��;  (�� �� 	5 A�ESO  �BESO  �= )

 J
 	- 	a� ��
��� <�5 � �?� � :);  	
0= (<���� �@G; <

��  �� ^L2� HG; .� �= 1��/� <�	= FAX 1��A J��`@5 .��,�=

���0= ����	   �� �
P� �<A�/
��� <�5 � �?� � :);  1���� �@G; <

(�� A� .�
/W��
/X� 
��; �� �6�� �= �,�=  �B�8 	3�� <�5 	
2�=

�� J�� �� 
/� R	S �� ����� ��7= <�5  .�,�= �a;W� I=�P � H0� 	�

 � �
L/ ���D� �� 1��= T��D� �M5�6� J�� A� ���� 
/� �= [��
�

�� ���t� 7�� �� .�
/W��
/X� � .�
/X� 
��; �� 	5 �� M�� .���@�  

  

8 -_�&/�  
[1] Xie Y.M. and Steven G.P., Shape and layout optimization via 

an evolutionary procedure. Int’l conference on 
Computational Engineering Science, Hong Kong 
University of Science and Technology, Hong Kong, pp. 
471, December 17-22, 1992. 

[2] Xie Y.M. and Steven G.P., A simple evolutionary procedure 
for structural optimization. Computers & Structures, 49 
(5), pp. 885- 896, 1993. 

[3] Steven, G.P., and Xie, Y.M., Evolutionary structural 
optimization with FEA. Computational Mechanics, Vol. 1, 
pp. 27-34, 1993. 

[4] Xie Y.M. and Steven G.P., Evolutionary structural 
optimization, Springer, London. 1997. 

[5] Xie Y.M. and Steven G.P., Optimal design of multiple load 
case structures using an evolutionary procedure, 
Engineering computations, Vol. 11, pp. 295-302, 1994. 

[6] Hinton E. and Sienz J., Fully stressed topological design of 
structures using an evolutionary procedure, Engineering 
Computations, Vol. 12,  pp.229-244, 1995. 

[7] Xie Y.M. and Steven G.P., Optimal Design of multiple load 
case structures using an evolutionary procedure, 
Engineering Computations, Vol. 11,  pp. 295-302. 1994. 

[8] Steven G.P. and Xie Y.M., Evolutionary structural 
optimization applied to problems in structural dynamics, 
3rd world congress on computational mechanics, Chiba, 
Japan, paper H2-2, 1994. 

[9] Rispler A. and Steven G.P., Shape optimization of metal 
inserts in composite bolted joints, Proceedings of the 
Second Pacific International Conference on Aerospace 
Science and Technology, Melbourne, Australia, pp. 225-
229, March 20-23, 1995. 

[10] Steven G.P., Querin O.M. and Xie Y.M., Analysis of Aircraft 
Patch Repairs Using ESO, Proceedings of the Second 
Pacific International Conference on Aerospace Science 
and Technology, Melbourne, Australia, pp. 683-688, 
March 20-23, 1995. 

[11] Chu D.N., Xie Y. M., Hira A. and Steven, G.P., Evolutionary 
structural optimization for problems with stiffness 
constraints, Finite elements in analysis and design, Vol. 21,  
pp. 239-251, 1996. 

[12] Manickarajah D., Xie Y.M. and Steven G.P., A simple 
method for the optimization of columns, frames and plates 
against buckling, Structural Stability and Design, S 
Kitipornchai et al. (eds.), A.A Balkema Publishers, 
Rotterdam,  pp. 175-180, October, 1995. 

[13] Steven G.P., Querin O.M. and Xie Y.M., Multiple Constraint 
Environments for Evolutionary Structural Optimisation, 
Proceedings of the First World Congress on Structural and 

Multidisciplinary Optimization, Goslar, Germany, 
published by Pergamon, edited by N Olhoff and G I N 
Rozvany,  pp. 213-218, May 28 - June 2, 1995. 

[14] Zhao C., Steven G.P. and Xie Y.M., Evolutionary natural 
frequency optimization of thin plate bending vibration 
problems, Journal of Structural Optimization, No.11, pp 
244-251, 1996. 

[15] Zhao C., Steven G.P. and Xie Y.M., Evolutionary 
optimization of maximizing the difference between two 
natural frequencies of a vibrating structure, Journal of 
Structural Optimization, 13(2-3), pp. 148-154, 1996. 

[16] Querin O.M., Steven G.P. and Xie Y.M., Topology 
optimization of structures with material and geometric non-
linearities, Proc. of the 6th AIAA/USAF/NASA/ISSMO 
symposium on multidisciplinary analysis and optimization, 
Bellevue, Washington, USA, AIAA –96-4116-CP,  1812-
1818, September 4-6, 1996. 

[17] Hung X., and Xie Y.M., Bidirectional Evolutionary 
Topology Optimization for Structures with Geometrical 
and Material Nonlinearities, AIAA, 45(1), 2007. 

[18] Eom Y.S., Yoo K.S., Park J.Y., Han S.Y., Reliability-based 
topology optimization using a standard response surface 
method for three-dimensional structures. Structural and 
Multidisciplinary Optimization, 43(2), pp. 287-295, 2011. 

[19] Shobeiri V., The topology optimization design for cracked 
structures. Engineering Analysis with Boundary Elements 
58: pp. 26-38, 2015. 

[20] Querin O.M., Evolutionary structural optimization: stress 
based formulation & implementation, PhD Dissertation, 
department of Aeronautical engineering, university of 
Sydney, Australia, 1997. 

[21] Querin, O.M., Young V., Steven G.P. and Xie Y.M., 
Computational efficiency and validation of bi-directional 
evolutionary structural optimization, Computer Methods in 
Applied Mechanics and Engineering, 189(2), pp. 559–573, 
2000. 

[22] Huang X., Xie Y.M. and Burry M.C., A new algorithm for 
Bi-Directional Evolutionary structural optimization, JSME 
International Journal. C 49.4, pp. 1091-1099, 2006.  

[23] Li Q., Steven G.P. and Xie Y.M., on equivalence between 
stress criterion and stiffness criterion evolutionary 
structural optimization Structural Optimization, Structural 
and Multidisciplinary Optimization,18(1), pp. 67-73, 1999. 

[24] Li Q., Steven G.P. and Xie Y.M., A simple checkerboard 
suppression algorithm for evolutionary structural 
optimization, Structural and Multidisciplinary 
Optimization, 22, pp. 230-239. 2001. 

[25] ANSYS(R), Swanson Analysis System, Inc. Released 
5.4UP19970828. 

[26] MATLAB, the Math Works, Inc. Version6.5.0.180913a 
(R13) June18, 2002. 

  


