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Seismic Evaluation of Optimal Performance-
Based Design of Steel Moment Frames with 
Metaheuristic Algorithms 
 
Optimal use of materials in constructing structures is one of the 
main goals of any design. Construction of structural systems is 
costly for their builders, so structures and buildings that are 
economically justifiable, appropriate, and meet the requirements 
of the criteria are more welcomed. In contrast, maintaining the 
structural performance in earthquakes is vital to ensuring safety 
and reducing damage during earthquakes. As a result of 
optimizing frames sections, the stiffness and strength of 
components are reduced, and these frames' performance against 
earthquakes is in question. In this research, the performance level 
of optimized steel moment frames with metaheuristic algorithms 
has been evaluated. For this purpose, the seismic performance of 
five-story steel moment frames with different geometric 
characteristics has been optimized and seismically evaluated 
using Particle Swarm Optimization (PSO), Charged System 
Search (CSS) Ant Colony Algorithm (ACO) and Genetic 
Algorithm (GA). Study results show that the optimized frame 
based on the Charged System Search algorithm has lighter 
sections and lower weight, while the seismic behavior responses 
of the structures are obtained faster. Furthermore, in terms of 
performance levels, the total number of collapse plastic joints in 
the Particle Swarm Optimization (PSO) was higher than other 
methods. Therefore, this algorithm can also be proposed as a 
suitable proposal method for the optimal design of similar frames. 
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:-+�0  

)23(  1.5 1.5 74.7 112t cmδ = × =  

6 - .
I�UV �1�!/�	  

 �� ��<.!/@ ����  G�?F <m5�b� +�?� �-�

���?25� ��� � �+ �+����� +�?�I  � �����<@ 	�+ 

D/@ ��� �+���<.! <��+� �+ ��� �?e.� <@�@� +�18��� 

�@ ^]b.� FEMA-356 �@- z �-��!b
� � ����+�3 

��� � +?�i ++�0 ���A��� <;?@�� ]23[.  

6 -1 -  .
1��� Y!�$��%&�	!#$ �%���  ��&4�%�(ACO)   

 ^@�b�ATC-40 R?� �.X.� ���� 	!>�~ !; � q

Z1� �+ 	
�?.1 �]��Y ��@ J�?F �?25� �@ ���� ��H�[F 

11- q5�   <9���	�� �-� ]24[.  �+ �-� Z!1*F ZB���

 Z1� �+ 	
�?.1 �]��Y ��@ J�?F �?25� �@ ����11- a 

 ��-Y �5 �� �-��*� Z@�K .-��@   

 ��-Y <@ <Y?F �@5 �� ��?F ��!<3  ���� <= 	>�0

+�?� ?25� �}� 	XF <m5�b�� @]��Y ��� wF �F!!��1�� 

]��Y� 324/64 ����!?2A��� ���� +�18�� cb�� 
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����� 	
���� ��� ������ ���   ����� ����� ���2 ������ �  !�� �1400 

8@�K!	 @ �+������ � <�K�� -��@ wF �+ �!!���1�  ��� 

]��Y�  �F��> ���-[� I� ��+�18�� cb�� �.�� ��Y�  ��

� ?2@�?Y� -��@.  

���@ �@� ���i �@ �� ZB�:���S0�  +�?� �-�

� �+ <m5�b�I ?25� �}� 	XF �A@� ]��Y ��@�  `��.��

8XF �@!Z F����!1� b
� Z1� �+  12  ��-Y �6 <9��� 

	�� �-�. wF �+!!���1� ��� ]��Y�  �� �F��>295/68 

����!� ���� ����?2A��� �!r 6 +�18�� M?b� ��� 

��� -��@ ���> �R  �� y��F� -�>�.  

    

  
(q5�)  (a)  

 Z1�11 -  (q5�).X.�� R?� ��� �.X.�� >�~!	 ; �!q �H�[F� ����  (a) �1*F ZB���!Z ���� �+ �-�  V�0 �+22V� ?25� �}� 	XF� 

]��Y ��@� 	
�?.1 ��� �@  �?25��� �?8=� ��2l�?� )ACO(  

 ��-Y5- ZB��� 1*F!Z ?25� �@ ���� �+ �-�� ]��Y ��@� 	
�?.1  

V�0  @�Y< ��Y 
(cm)  

<�� R�@  
(ton) 

�� A  �FB  ��B �F IO �� IO �F LS  ��LS �F CP  ��CP �F C  ��C  �FD �� D �F E 

  ACO  
14  247/56  992/136  641  9  ��B  ��B ��B ��B ��B 
15  490/60  582/145  641  9  ��B ��B ��B ��B ��B 
16  073/61  764/146  629  21  ��B ��B ��B ��B ��B 
17  324/64  975/149  625  25  ��B ��B ��B ��B ��B 
18  568/68  148/152  625  16  9  ��B ��B ��B ��B 
19  811/72  320/154  625  4  21  ��B ��B ��B ��B 
20  054/77  432/156  625  ��B 25  ��B ��B ��B ��B 
21  297/81  664/158  625  ��B 25  ��B ��B ��B ��B 
22  800/84  489/160  625  ��B 25  ��B ��B ��B ��B 

  CSS 
13  500/58  651/133  641  9  ��B ��B ��B ��B ��B 
14  376/61  247/139  629  21  ��B ��B ��B ��B ��B 
15  669/64  366/142  625  25  ��B ��B ��B ��B ��B 
16  169/69  499/144  625  16  9  ��B ��B ��B ��B 
17  668/73  631/146  625  ��B 25  ��B ��B ��B ��B 
18  168/78  764/148  625  ��B 25  ��B ��B ��B ��B 
19  668/82  897/150  625  ��B 25  ��B ��B ��B ��B 
20  169/87  030/153  625  ��B 25  ��B ��B ��B ��B 
21  000/90  372/154  625  ��B 25  ��B ��B ��B ��B 
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 ��-Y5- <��+� 
  GA 

13  928/54  890/152  641  9  ��B ��B ��B ��B ��B 
14  425/57  979/158  629  21  ��B ��B ��B ��B ��B 
15  716/60  953/162  625  25  ��B ��B ��B ��B ��B 
16  958/64  359/166  625  11  14  ��B ��B ��B ��B 
17  202/69  765/169  625  ��B 25  ��B ��B ��B ��B 
18  449/73  131/173  625  ��B 25  ��B ��B ��B ��B 
19  687/77  056/176  625  ��B 25  ��B ��B ��B ��B 
20  930/81  922/178  625  ��B 25  ��B ��B ��B ��B 
21  860/84  903/180  625  ��B 25  ��B ��B ��B ��B 

  PSO 
15  564/57  598/153  641  9  ��B ��B ��B ��B ��B 
16  231/60  719/159  629  21  ��B ��B ��B ��B ��B 
17  117/63  059/163  625  25  ��B ��B ��B ��B ��B 
18  052/67  312/165  625  16  9  ��B ��B ��B ��B 
19  986/70  566/167  625 4  21  ��B ��B ��B ��B 
20  921/74  819/169  625 ��B 25  ��B ��B ��B ��B 
21  690/78  978/171  625 ��B 25  ��B ��B ��B ��B 

    

  
(q5�)  (a)  

 Z1�12 -  (q5�).X.�� R?� .X.� ����� >�~!	 ; �!q �H�[F�  ���� (a) �1*F ZB���!Z  ���� �+ �-� V�0 �+20 V�?25� _����@� 

]��Y ��@� 8XF �@ `��.��!Z F����!1� b
� �@ �?25��� �?8=�  ��2l�?�(ACO)  

 ��-Y6- 1*F ZB���!Z ?25� �@ ���� �+ �-�� 8XF �@ `��.�� ��@!Z F����!1� b
�  

V�0  @�Y< ��Y 
(cm)  

<�� R�@  
(ton) 

 ��A  �FB  ��B  �FIO  ��IO  �FLS  ��LS  �FCP  ��CP  �FC  ��C  �FD  ��D  �FE 

  ACO  
11  425/46  203/100  647  3  ��B ��B ��B ��B ��B 
12  969/50  354/110  635  15  ��B ��B ��B ��B ��B 
13  950/56  186/119  630  3  17  ��B ��B ��B ��B 
14  053/64  503/126  625  5  20  ��B ��B ��B ��B 
15  295/68  212/130  625  1  18  6  ��B ��B ��B 
16  006/75  520/135  622  3  12  7  3  1  2  
17  280/79  994/137  619  6  10  5  2  2  6  
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 ��-Y6- <��+�  
18  012/84  297/140  619  6  7  5  ��B 3  10  

19  012/84  298/140  619  6  7  5  ��B ��B 13  
20  850/84  624/140  619  6  7  5  ��B ��B 13  

  CSS 
11  557/48  712/97  645  5  ��B  ��B ��B ��B ��B 
12  183/53  504/107  632  15  3  ��B ��B ��B ��B 
13  899/57  488/113  630  5  15  ��B ��B ��B ��B 
14  706/64  754/119  625  5  20  ��B ��B ��B ��B 
15  206/69  121/123  625  ��B 22  3  ��B ��B ��B 
16  706/73  393/126  625  ��B 15  9  1  ��B ��B 
17  711/80  051/131  619  6  10  5  2  1  7  

18  314/87  372/134  617  8  7  3  2  1  12  

19  90  103/135  617  8  5  5  �B� ��B 15  

  GA 
11  277/45  336/111  645  5  ��B ��B ��B ��B ��B 
12  702/49  915/122  632  15  3  ��B ��B ��B ��B 
13  130/54  190/130  630  5  15  ��B ��B ��B ��B 
14  961/60  595/138  625  5  20  ��B ��B ��B ��B 
15  204/65  861/142  625  1  21  3  ��B ��B ��B 
16  337/71  035/149  620  5  15  7  2  ��B  1  

17  813/75  704/152  617  8  10  5  2  1  7  
18  463/76  060/153  617  8  10  5  ��B 2  8  

19  463/76  060/153  617  8  10  5  ��B ��B  10  

20  706/80  503/155  617  8  10  ��B  3  2  10  
21  192/82  698/156  613  12  8  2  ��B ��B 15  

22  86/84  904/157  612  13  5  5  ��B ��B 15  

  PSO 
13  779/47  693/111  645  5  ��B  ��B ��B ��B ��B 
14  038/52  327/122  633  14  3  ��B ��B ��B ��B 
15  510/56  408/129  630  5  15  ��B ��B ��B ��B 
16  320/63  118/137  625  5  20  ��B ��B ��B ��B 
17  254/67  474/140  625  1  21  3  ��B  ��B ��B 
18  189/71  209/144  625  0  15  7  3  ��B ��B 
19  442/76  201/148  622  3  10  7  5  ��B 3  

20  690/78  749/149  619  6  10  5  0  ��B 10  

  

6 -2 -  .
1��� Y!�$��%&�	!#$ ��#$0  �	.��1 *	�+(CSS)    

_����@ R�� ATC-40 R?� �.X.�  �.X.� ����

	!>�~  �]��Y ��@ J�?F �?25� �@ ���� ��H�[F q!; �

 	
�?.1 �+Z1�  13 - q5� � <9��	�� �-� ]24[ .  

^@�b�  Z1�13 - a  ��-Y �5 ����@ +�?� ����� 

?25� �}� 	XF� ]��Y ��@� �	
�?.1 ?2@�?Y�  cb�

+�18��� �.�� ��Y� ��  .-��@  	XF <m5�b� +�?� ����

?25� �}�� ]��Y ��@� wF �F!!��1�� ]��Y �669/64 

����!��� ?2A���� +�18�� cb�� 8@�K!	 @ �+������ 

� <�K�� ��@- wF �+ �!!���1�  ��� ]��Y� � �� �F��>I 

+�18�� cb� ���-[�� �.�� ��Y� � ?2@�?Y ��� -��@.  
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 Z1� �+14- q5� ���i ���@�� +�18���  ����

/@!<. :��;� �?25� �@ �-��� �!���  ��+��@ T��k

(CSS).X.� �� R?� �>�~ � ��!	 ?25� �}� 	XF ����� 

]��Y ��@� 8XF �@ `��.��!Z ����F!1� b
 �-� <9��� �

.	��  Z1� �+14 - a  ��-Y �6  �@���� �?e.� <@

 �@ `��.�� �]��Y ��@ �?25� �}� 	XF ���� �+�18��

 �+ 6!��\� ZB��� Z!1*F i��� �b
 �1!F���� Z!8XF

.	�� �-� <9��� ����  

    

  
(q5�)  (a) 

 Z1�13 -  (q5�).X.�� R?� ��� �.X.�� >�~!	 ; �!q �H�[F�  ���� (a) �1*F ZB���!Z  ���� �+ �-� V�0 �+21V� ?25� �}� 	XF� 

]��Y ��@� 	
�?.1 ���� �@ �?25��� �!��� ��+��@ T��k (CSS)  

    

  
(q5�)  (a)  

 Z1�14 -  (q5�).X.�� R?� .X.� ����� >�~!	 ; �!q �H�[F� ���� (a) � 1*F ZB���!Z  ���� �+ �-� V�0 �+19 V�_����@ ?25�� 

]��Y ��@� 8XF �@ `��.��!Z F����!1� b
� �?25� �@�� �!��� ��+��@ T��k (CSS)  

 ��-Y �� v�].��� �@6 �� <3!��  	XF ���� <= +?�

 �+ �b
 �1!F���� Z!8XF �@ `��.�� ���Y ��@ �?25� �}�

��1��!!wF  �� �F��> �]��Y ���706/64  �?2@�?Y ���!����

��� �+�18�� M?b� �� 6 r!� .-��@  

6 -3 - � .
1��� Y!�$�%&�	!#$ $���6 (GA)  

 Z1� �+15- q5� .X.�� R?� �.X.� � ��� 

>�~!	 ; �!q �H�[F� ?25� �}� 	XF ����� ]��Y ��@� 

	
�?.1 <9���  .	�� �-� i��� Z1�15- a  ��-Y �5� 

?25� �}� 	XF ����� ]��Y ��@� 	
�?.1 +�18�� cb�� 

�.�� ��Y� � ?2@�?Y ��� -��@. � +�?� ���� 	XF <m5�b

?25� �}�� ]��Y ��@� wF �F!!��1�� ]��Y �716/60 
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����� 	
���� ��� ������ ���   ����� ����� ���2 ������ �  !�� �1400 

����!��� ?2A���� +�18�� cb�� 8@�K!	 @ �+������ 

� <�K�� -��@ wF �+ �!!���1�  ��� ]��Y� � �� �F��>I 

+�18�� cb� ���-[�� �.�� ��Y� � ?2@�?Y ��� -��@.  

.X.�� R?� �>�~ � ��!	 ?25� �}� 	XF �����  ��@

]��Y� �8XF �@ `��.�!Z F����!1� b
� Z1� �+  16- 

q5� ��@� �?25��� GA �-� <9��� .	��  Z1� �+16- a 

 ��-Y �6�  �}� 	XF ���� �+ �-� Z!1*F ZB��� <=

 <9��� �b
 �1!F���� Z!8XF �@ `��.�� �]��Y ��@ �?25�

.	�� �-� ��1��!!wF �+ <= 	�� I� �2��!@ i���  ���

 �� �F��> �]��Y961/60 r!� �?2A��� ���� ���!����  6

.	�!� �+�18�� M?b� ��  

  
  

  
(q5�)  (a)  

 Z1�15 -  (q5�).X.�� R?� ��� �.X.�� >�~!	 ; �!q �H�[F�  ���� (a) �1*F ZB���!Z  ���� �+ �-� V�0 �+21 V�?25� �}� 	XF� 

]��Y ��@� 	
�?.1 ��� �@ �?25��� ��j!6 (GA)  

    

  
(q5�)  (a)  

 Z1�16- (q5�) .X.�� R?� .X.� ����� >�~!	 ; �!q �H�[F�  ���� (a) �1*F ZB���!Z  ���� �+ �-� V�0 �+22 V�_����@ ?25�� 

]��Y ��@� 8XF �@ `��.��!Z F����!1� b
� �?25� �@�� ��j!6 (GA)  

6 -4 -   .
1��� Y!�$��%&�	!#$  *	�+ ,�-./	(PSO)   

��@� �?25��� PSO .X.�� R?� �.X.� � ��� 

>�~!	 ; �!q �H�[F� ?25� �}� 	XF ����� ]��Y ��@� 

	
�?.1 Z1� �+ ����  17- q5� <9��� .	�� �-�  

 Z1� �+17- a  ��-Y �5  �-� Z!1*F ZB���

 �@ .	�� �-� <9��� 	
�?.1 �]��Y ��@ �?25� �@ ���� �+

 ��-Y ����@5 �� <3!��  �?25� �}� 	XF ���� <= +?�

� cb� 	
�?.1 �]��Y ��@ �� ���Y �.�� �+�18�

�� ?2@�?Y .-��@ ?25� �}� 	XF <m5�b� +�?� �����  ��@
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����� 	
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]��Y� wF �F!!��1�� ]��Y �117/63 ����!��� ?2A���� 

+�18�� cb�� 8@�K!	 @ �+������ � <�K�� -��@  �+ �

wF!!���1�  ��� ]��Y� � �� �F��>I +�18�� cb� ���-[�� 

�.�� ��Y� � ?2@�?Y ��� -��@.  

���i ���@�� +�18��� /@ ����!<. :��;�  �@ �-�

�?25��� PSO.X.� �� R?� �>�~ � ��!	  �}� 	XF ����

?25�� ]��Y ��@� 8XF �@ `��.��!Z F����!1� b
�  �+

Z1� 18 - q5� .	�� �-� <9���  	XF �-� Z!1*F ZB���

 �+ �b
 �1!F���� Z!8XF �@ `��.�� �]��Y ��@ �?25� �}�

 Z1�18 - a  ��-Y �6 .	�� �-� <9���  �+ ����

��1��!!wF  �� �F��> �]��Y ���320/63  ���!����

r!� �?2A��� ��� �+�18�� M?b� �� 6 .-��@  

    

  
(q5�)  (a)  

 Z1�17 -  (q5�).X.�� R?� ��� �.X.�� >�~!	 ; �!q �H�[F� ����  (a) �1*F ZB���!Z ���� �+ �-�  V�0 �+21V� ?25� �}� 	XF� 

]��Y ��@� 1	
�?. ����  �@�?25��� T��k V�:+�� (PSO)  

    

  
(q5�)  (a)  

 Z1�18 -  (q5�).X.�� R?� ��� �.X.�� >�~!	 ; �!q �H�[F�  ���� (a) �1*F ZB���!Z ���� �+ �-�  V�0 �+20 V�_����@ ?25�� 

]��Y ��@� 8XF �@ `��.��!Z F����!1� b
�  �@�?25��� T��k V�:+�� (PSO)  

7- �$� �[	�	!Y  

R?� �.X.� � �]��Y ��@ J�?F �?25� �@ ���� ��

	
�?.1 6!��\� ZB��� g�?�� Z!1*F �  ���@

���?25� �� �+����� +�?� �I� ���@  Z1� �+ <m5�b�19 

 �?25� �@� ]��Y ��@`��.�� � 8XF �@Z! F���� �1!b
 �+ �

 Z1�20 <9��� 	�� �-�.  i��� ^@�b�<@ 	�+ ��-�D  ����

�@ �-� <.!/@  I� �+ �+����� +�?� ���?25� ��/l ��

 �����?25� �}� 	XF� ��@ ]��Y� �	
�?.1 ?2@�?Y� 
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