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Nowadays, extensive nonlinear dynamic analysis is widely used in 

different fields of research and design of structural and earthquake 

engineering. It has been applied in performance-based design, resilience-

based design, and also other probabilistic fields and optimization. This 

extensive analysis imposes a high computational cost on the researcher. 

However, using simplified models is an appropriate approach. The 

Substitute Frame is a simplified model for steel and RC moment frames, 

which on the one hand predicts the displacement responses of the frame 

with very good accuracy and on the other hand, reduces the analysis time 

by several times. Despite numerous evaluations of the substitute frame 

model in nonlinear dynamic analyses, incremental dynamic analyses, and 

fragility analyses, the model's accuracy has not yet been investigated for 

predicting moment frames' force responses. In performance-based 

engineering, force-control actions should be designed to prevent the 

undesirable failure mechanism. Hence, in this study, first, the force 

response of the columns was predicted using the substitute frame model, 

and then its accuracy was evaluated comparing to the original frame 

response. The results of evaluations showed that the substitute frame 

predicts the columns bending moments, shear forces, and axial forces of 

the original frame with more than 90% accuracy. 
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  ها: واژهکلید
 اال قاب جایگزین،

 اال ساده شاه، 

 قاب خیش   تن ، 

 اتضاا نیر  شنترل، 

 .ها هاا نیر ی  ستکر اؤلفه

سامه   ملزله شاا رد   انناس    طراح قاتیتحق  دا حکمه  رخطیغ  نینااید اها  یاار مه تحل

   اآ ا تاب  راساس  ها، طراح تیلنرد سامه  راساس  گسترده دا طراح  ه طکاداشته     فرا ان

ن ی. ام آنجا شه اردیگ  اکاد استفاده قراا ا ،اسام نهی   ن  احتیالات اها نهیما ریسا نیهیچن

ام  ها  یتحل نیام ا ااایدا  س شنا،  ا  یاا  ه احققار تحی ی  الا  احاسبات  نهیهز ها،  یتحل

  خیش اها قاب ا رااال ساده شاه  کی نیگزی. قاب جاشکد  ساده شاه استفاده ا اها اال

  نی  شیپ  خک   لیقاب اا  ا دقت خ  رانانییتغ اها پاسخ  است شه ام طرف     تن افکلاد

اتیاد اال  اها  ا یاام اغم  . تلدها  اا تا چنا  را ر شاهش ا  یماار تحل گر،یشنا   ام طرف د  ا

 اها  انحن نیی  تی ناهیفزا  نینااید اها  یتحل ، رخطیغ  نینااید اها  یدا تحل نیگزیقاب جا

قراا نگرفته است. ام آنجا   اکاد  راس ی ر ین اها پاسخ  نی  شیاال جنت پ نیدقت ا ، شننناگ

 زمیانان جادیام ا اریشنترل جنت جلکگ ر ین ااتضا  ها،  راس سامه اتیلنرد  ا یشه دا اام

 اها ستکر ی ر ین اها ا تاا پاسخ ،قیتحق نیدا ا . رخکاداا است اا ژهی  تینااطلکب شنست، ام اهی

. دست آاا  ه نیگزیقاب جا اها ام پاسخ  لیا ش تحل کیتحت اشکاد ملزله  ا استفاده ام   قاب ابل

انجام شاه نشار داد  اها  ا یاام جینتا قراا گرفت. اکاد اامیا   دست آااه،  ه اها دقت پاسخ سپس،

تا  1/0 نی  نیانگیاا  ه طکا ا ااحکا ار ی  ن   رش ار ین ، لنگر خیش نیگزیشه اال قاب جا

 ااشکادها ا را زیها ن پاسخ  پراشناگ زاریشه ا شنا  ا  نی  شیپ  قاب ابل اها پاسخ ستکر 2/1

 است. 2/0اختلف شیتر ام 
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1- Fish bone 
2- Nakashima 
3- Classic Moment Resisting Frame 
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7- Adapted fish-bone 
8- Substitute frame 
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9- Collapse margin ratio (CMR) 
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10- Story overturning moment 
11- Design basis earthquake 
12- Maximum credible earthquake 
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13- Haselton and Deierlein 
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14- Force demands 
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15- Concentrated plastic hinge model 
16- Krawinkler 
17- Deterioration model with peak-oriented hysteretic 
response 
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462 * ��� � ��/����J*�7�� � �-�   8� �� ��e��� -�2*

 �y+ � 05/1  � ���� ��� �����6/0  o��*��* �� B 2+�2(+<

7�7� 8�;�= �e� �- ]28[.  

�+  5C�b � �B� �� ��j� -  �2��R�� �-  ��:;�

OpenSees - ��	*��4* ���]� �-�P�� B�;�= �e� �  �

 ���9� �� �-�E��� �� 862��* ���� ,/��++M Joint2D 

�7* �7� ���� 7��. ��= 8� 5�4H6 \< R�I  5C�b � ���

�7* ���� �B+.A�� .	�� �7� �����  ���
 ���;� ����

��C� ����.;�2�� ����.; �� �- K+ 84H6 ���   ���D ���

�7� �-�- .7�� �7* B� �- ���j� 8� ��  �q� P-Δ ��2.� 8�

	�� �7� 8�;�= �e� �- ��� 8H �* y�4  ]28[.  

* �����7  ?�D �7* �� �7� �-�� ?�D ����

�I����/�� � ����+(� m�2  8< B:J  �7� 8�
��

7� �-�E��� �	�� ]20[ 8���* �7* B� 5�+g�; .

�7* 5�+g�; B+9�- � �2�(�� ���� �*  � 7���

 �@ �����*����>�����  �- �7� 8x��� m���� ,/�2  B++P 

	�� �7� ]28[.  

 	)T �� ��.+�6� �2b3 �2e.* 8� �8*�-� �-

�7*  ���- �8P9�1* B� �- �7� R�G�� �1
�+0 ����

 ��-2�� � ?��. �� U�� ?�D ���� R�� ��/*�++M  y�3

 �8�H9� .	�� �7� 8��4* K+�j< ?�D X��� �� B:J�I

�+� �- B:J�I ?�D �7* 	D- X���  �����*���� �.+�

!* ��+�(� ����� �- ��7.����/�� � ����+  �7� 8x���

	�� ]20[ . ��7I1�  k2��* ��� ?��.  ���- ��!O �-�4*

����
�� ���� �� �e� -�2* �7* �- 8�  ������ -�2* ���

�* ���� �* �7���* ��7I B� �- .7�-  �-�4* 8< -2�

?��.  ���- 4* 8� K-:� ��+�� B:J�I ?�D ��� �-�

?��.  ���- � K+�j< ?�D ���	�.  

 ��7I1- J�I ?�D � K+�j< ?�D ���� ��� ?��.  ���- ��!O �-�4*����
�� ���� B: ����� -�2* ���  

���2� -2*  
484H6  884H6  1284H6  2084H6  

CMRF SF CMRF  SF  CMRF  SF  CMRF  SF  

1  0�929  0�929  1�802  1�790  2�095  2�084  2�329  2�305  

2  0�298  0�298  0�604  0�599  0�711  0�707  0�796  0�786  

3  0�170  0�171  0�349  0�347  0�417  0�415  0�458  0�451  

4  0�121  0�122  0�241  0�240  0�290  0�289  0�322  0�317  

  

 R�� ��/*�++M  y�3�� U�� ��-2�� �B+.A��

8�  �7* X��� �� B:J�I ?�D �7* X��� �� �7*@ 	�-

 ,/� �- �8�2�� K ��2.� 8� .7� 8��4* K+�j< ?�D

5 �3�� U�� ��-2�� ����
�� ���� R�� ��/*�++M  y

12U2� ,+()  	)  84H6  ,/�) ���5-  ,+()  � (\9�

8
�O  ,/�) ��5-  ,/� �- .	�� �7� �-�- ���� �(?

5� �* �7���* 2�� 8< -2�L��� ��-  73 �  �7* �- ���

����� X��� .7.��� SH1.* �J7/ �� �-��  �h2; ���

�7* 	)T  B� �- �� B:J�I ?�D �1
�+0 ����

�* ���� ����� .7�-  
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(\9�)  (?)  

 ,/�5 - �� U�� ��-2��� R�� ��/*�++M  y�3 ����
�� ���1284H6� ,+()  	)  (\9�) U2� 8
�O ,+()  	)  (?) � ��� ��  

4-  ������������  ��������� 

4-1 - ������� 9�� � ���:"�� ���;�!)�  

 L��� ����� �2e.* 8� �8P9�1* B� �-8E9_*  ���

�7* �?�D ��Q�� ���+�  ,+()  	)  �1
�+0 ���

8A]��   �� ,+()  R�G�� ���� .7.�;�= ���D �1
�+0 ���*�

22 89:9� �� ,�= �� ��- -�2<�  �- �7� 8x��� ���FEMA 

P-695 7� �-�E��� ]32[ 8x��� ���-�2<� 	EI ��+* �� .

 �- �7�FEMA P-695 �� ���-�2<� �PGA }�:�  � 

�7� ?�]���7 ���� v�6 \+6 8� 	H�� �  >�+4* ��

 .7�7-�=��-�2<� 5�b]�*�  �- �-�E��� -�2* ��7I2 

.	�� �7� 8x��� 

 ��7I2- 8P9�1* B� �- �-�E��� -�2* ���-�2<� 5�b]�* ]32[  

EQ 
ID 

Earthquake Recording Station Recorded Motions 

M Year Name Name Owner 
PGAmax 

(g) 
PGVmax 
(cm/s.) 

12011 6.7 1994 Northridge Beverly Hills - Mulhol USC 0.52 63 
12012 6.7 1994 Northridge Canyon Country-WLC USC 0.48 45 
12041 7.1 1999 Duzce, Turkey Bolu ERD 0.82 62 
12052 7.1 1999 Hector Mine Hector SCSN 0.34 42 
12061 6.5 1979 Imperial Valley Delta UNAMUCSD 0.35 33 
12062 6.5 1979 Imperial Valley El Centro Array #11 USGS 0.38 42 
12071 6.9 1995 Kobe, Japan Nishi-Akashi CUE 0.51 37 
12072 6.9 1995 Kobe, Japan Shin-Osaka CUE 0.24 38 
12081 7.5 1999 Kocaeli, Turkey Duzce ERD 0.36 59 
12082 7.5 1999 Kocaeli, Turkey Arcelik KOERI 0.22 40 
12091 7.3 1992 Landers Yermo Fire Station CDMG 0.24 52 
12092 7.3 1992 Landers Coolwater SCE 0.42 42 
12101 6.9 1989 Loma Prieta Capitola CDMG 0.53 35 
12102 6.9 1989 Loma Prieta Gilroy Array #3 CDMG 0.56 45 
12111 7.4 1990 Manjil, Iran Abbar BHRC 0.51 54 
12121 6.5 1987 Superstition Hills El Centro Imp. Co. CDMG 0.36 46 
12122 6.5 1987 Superstition Hills Poe Road (temp) USGS 0.45 36 
12132 7.0 1992 Cape Mendocino Rio Dell Overpass CDMG 0.55 44 
12141 7.6 1999 Chi-Chi, Taiwan CHY101 CWB 0.44 115 
12142 7.6 1999 Chi-Chi, Taiwan TCU045 CWB 0.51 39 
12151 6.6 1971 San Fernando LA - Hollywood Stor CDMG 0.21 19 
12171 6.5 1976 Friuli, Italy Tolmezzo -- 0.35 31 
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8� �8*�-� �- L��� 	D- ������ �2e.*  ��7* �- ���

L��� 8.+�+� ��7.� B+J��+* �����*����  �� ���� ��22 

�
�� �89:9� -�2<� >��� ���*@ ���18�=7.<��� �19 � �

B++P  y�g20 )R2( 8A]��  ��-2�� B+.A�� �  ���*�

L��� �7� 8��4* �J7/ �� �-�2<� K ���� �� .7��  

4-2 - #�< ������� �������= ��  

8� X��� ��]� B� �-  8A]��  ,+()  �� �7*@ 	�-

�7* �1
�+0 ���*� J�I ?�D � K+�j< ?�D ��� B:

����
�� ���� ����� -�2* ���  8+(< �- .	�� �7� 8x���

�]� ���9 �����+� �89�4* B� ���  �7� 8x��� �9�
 ��

�J- 5��H� 8� .	���  �� ���� m4; �2�� �(
�- �����+�

�* 89:9� �q� �2e.* B7� .7����  L��� p��]��� �� V�

 ,< �� �,4q �� ���� �2�� ���+� �7��� ��2�� �� ���+�

�* �< �e� -�2* ���+� ���*� 8A]��   ���+� �  -2�

 .-2� B++P  89:9� �� ���� �9�
�+qz   �� r2g2* B�

� ���+� � ���
 �J.9 ��74*�2�� ���  8I2  ,��D ��

 �7� 8x��� ��2)* ���+� ��74* �� �9� �-2H��+qz  ��{=

�* 8+T2  �B����.� .	��  ���+� ������ �- 8< -2�

�2�� ��2)*  S�6 B+�� 8� �B:J�I ?�D K�< 8� ��

 89:9� �� ���� ���*� 8A]��  L��� �7��� � �7� ,��

���� ��2)* ���+� �� VW� � -2� �-� B+�]   ,4q ��

�2�� ���� ���+� r2g2* B� .--�= o�I  �I��
 ���

�2�� ���� 8< �9�3 �- ��-2� 	+��� :x�3  �(
�- ���

 �2�� � 	�� KO2< ��H�� 89:9� �� ���� ��2)* ���+�

 	)  ���+��+qz  �* ,4q �����+� .7���  

�2�� �����+� �-� B+�]  ����  � �(
�- ���

5�2T B� 8� �(T� ?�D �- �I��
  �7��� 8< 7� ,��

+� ���*� 8A]��  B++P  B:J�I ?�D �- 84H6 ���

7-�=��d* �26 8� .� ��  L��� �2�� �- �J.9 ���*� 8A]

84H6 �-   B++P  84H6 �J.9 L��� 8.+�+� � 7� o�I R2�

                                                 
18- Bias 
19- Dispersion 
20- Coefficient of determination 

	H�� 8� 8.+�+� �J.9 B� �VW� .7-�=  �-�- a+g2  ���

 �]� �- �7�2�2�� B+� � �I��
 � �(
�- ���  �+�4 

 B� �� ,T�3 B+�]  ��]� B� �����-2�� �- .7-�=

�2�� ����J.9 8.+�+� �� U��  8��4* �(T� ?�D ���

 ���
 �J.9 X��� 8x��� �- 8< 	�� �<| ���� .	�� �7�

��� ���+� �� 8< ��2�� X��� ��I��
 �2�� �- B+� �� �

.	�� �7� 8x��� ��-2�� 8��G  �� ���=�:� �����+�  

 ��j� U�� K �� �� ,+()  8/.� ,+9- 8� �B� ��

 �H��I ��� 	)  ?�D ,+()  	!I �7� 8�
�.� � �-��

 :+� U�� B� 8� ����+� B+�]  X��� ��]� B� �- �	��

 U�� � �J.9 8.+�+� 8< �.P* B� 8� .	�� �7� 8x���

�2��  ,+()  �� ,T�3 B:J�I ?�D �- 84H6 ���

B++P  	H�� 8� ���*� 8A]��   B+� �� �� U�� �- �7�

�2�� �* �+�4  �(T� ?�D ���  .-2� ,+()  U�� �-

�2�� ���
 �J.9 � ���� ���+� ��� ��  � �(
�- ���

 �I��
>����� �* o�2  �+=��� 8��O 	H��  .-2�

 �(
�- �2�� �����+� �B����.�2�2�� �����  �I��
 ���

�* 8�;�= �e� �- ���- 8� ?�D ���� �8G+�� �- .-2�8  

���� ���+� � ���
 �J.9 �!� ������ -�2* �2��  ���

�2�� U�� � �J.9 r2�G* �� �I��
 � �(
�-  �84H6 ���

 y+ �  8�
�

�
  �

�

�
  U�� X��� 5��E  8< 	�� ag�� .	��

 �I��
 �2�� �����+� B+�]  �- �� �� U�� � �7� 8x���

 .-2� 7��2
B����.� 8��4* �2e.* 8�   �����-2�� �X���

��* U�� �- �� X��� ,*�� �]� B .7.���  

8� X���  ���*� 8A]��  ,+()  �� �7*@ 	�-

�7* �1
�+0  �- �� ,/�6  � 8  �- .	�� �7� �-�- ����

,/� B�  ��74* 8.+�+� ��7.� B+J��+* ���8E9_*   �+�� �

 	)  �e� -�2*22 �2�� ���� 89:9� -�2<�  � �(
�- ���

 ����� r�E �� �- �I��
����  �2e.* 8� .	�� �7� �-�-

8��4*  8� X��� ,/� �� �- ��!�  ,+()  �� �7*@ 	�-

 y+ �  8� � ��-2�� K �- B:J�I ?�D � K+�j< ?�D

 ��CMRF  �SF �7� �-�- ����  X��� �B+.A�� .7��

�2��  �� �(
�- ���Int. �2�� X��� �  �� �I��
 ���

Ext. �7� �-�- ���� 7�� /� �� �- . X��� (\9�) ��-2�� �,
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��!O ����
��4H6 ����
�� X��� (?) ��-2�� �8

���H1 ����
�� X��� (p) ��-2�� �8412 ��-2�� � 84H6

 ����
�� X��� (-)20�* ���� �� 84H6 .7�-  

 ,/�6 �J.9 8.+�+� X��� ��7.� B+J��+* �

�2�� ���
  �� �� 89:9� �� �����* ����  �21���� .7�-

 ,/� �- 8<�* �7���* K y�4  �-2�  r2�G* R2�

�2�� ���� 84H6 �J.9 �� ���+* ��� �� �4+D- � ?2
 X�

�* 8x��� �7�- K y�4  �*� �2�� ���� ���  �I��
 ���

 8x��� X��� �� �.+�� 	�- B+�]  ��� �� U�� SH6

�*  � 7�-B����.�  �,��4* �- .	�+� y��.* y�4  B�

8� y�4  g SH6 �7*@ 	�- y�α  ���
 �J.9 X���

�2��  � C�� 	�- �73 �  � ?2
 	D- �� �� �I��
 ���

8e;�)* �+� 8����< �* �.+� .7.<  

    
(\9�)  (?)  

    
t)(  5)(  

 ,/�6- 8��4*  �2�� ���
 �J.9 8.+�+� B+J��+* B:J�I ?�D � K+�j< ?�D �- 89:9� �� ���� 84H6 ���  ����
�� (\9�)

	�� (?) �84H6��!O  (t) �84H6125) � 84H6 (2084H6  

 �8���* �26 8� ,/�7 8A]��  ,+()  X���  ���*�

�2�� ���� ���+� ���� �� �� 89:9� �� ���� �* ����  .7�-

�* �7���* ,/� �- 8< �21����  B:J�I ?�D �7* �-2�

K y�4  ��  U�� R2��� X��� �84H6�2�� U  ���+* ���

C�� 	D- �� ��  �K+�j< ?�D X��� �� SH1.* �H�4  �

�+� �* �.+�  y�4  ����
 �J.9 X��� 8���* .7.<

K �2�� U�� ���� ���  	�- B+�]  �I��
 ���

�* 8x��� X��� �� �.+��  y�g y�4  �*� �7�-α  X���
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�2�� U��  ,��D 	D- �� �� �I��
 ��� �73 �  � �2HD

�+� C�� 	�- �* �.+�  � �J.9 X��� �-2� C�� 	�- .7���

�2�� U�� �* ���� �I��
 ���  n�; Nj
�� 8< 7�-

 �R�- �]� �- �7� R�G�� �� ���� �- ?2(1* R:+��/*

��� ,bE* ���+  �� �QP� � 	�� �-�7� .7�2�  

    
(\9�)  (?)  

    
t)(  5)(  

 ,/�7 - 8��4*  �2�� ���� ���+� 8.+�+� B+J��+* B:J�I ?�D � K+�j< ?�D �- 89:9� �� ���� 84H6 ���  (\9�) ����
��

(?) �84H6��!O 	��  (t) �84H6125) � 84H6 (2084H6  

 ,/�8 8A]��  ,+()  X��� :+�  ���� �� ���*�

�2�� ��2)* ���+� �� 9� 	) 89: �* ���� �G�@ �� .7�- 

�2�� 8< ���9 ��2)* ���+� �� ��!� ?�D ���+* ���  ��

 ,/� �- �7���7�8 �2�� ��2)* ���+� X��� m4;  ���

 .	�� �7� �-�- ���� �I��
 B� �� �+� 8< �21����

���9 �H��I ��� ���� m4; X��� �7� 8�E=  �7� 8x��� ��

N�T ,4q �q� �� � 	��  8x��� X��� 8� 8I2  �� .7-�= �e�

 �- �7� ,/�8 �*  �� B:J�I ?�D 8< 	;�= 8G+�� ��2 

 y�4 
�


 �2�� ��2)* ���+� X���  �� :+� �� �I��
 ���

�+� �92HD ,��D 	D- �* �.+�  �2e.* 8� �8*�-� �- .7.<

�+� �- B:J�I ?�D �7* 	D- ��< ������  �.+�

8E9_* �2�� ���+� ��� �� ����� 8� �
��  ���*@ ���

�=7.<��� �>��� .	�� �7� 8�
�-�� B++P  y�g �  

4-3 - �*')��< >?���� ����� @��A �  

�< ������ 	!I ��]� B� �- ?�D �7* 	D- �

�+� �- B:J�I  �.+�8E9_* �2�� ���+� ��� ��� 

�
�� �=7.<��� �>��� ���*@ ���  -�2* B++P  y�g �
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 ���D �����8�;�= L��� ��2e.* B7� .7��  ?�D �7* ���

) K+�j<� � �7� 8�;�= �e� �- ��+P* ��2.� 8� (

L��� �+� ��� ) B:J�I ?�D �7* m�2  �7� �.+��� (

�
�� �� �-�E��� �� �* ������ �2<{* ��� .7�2�  

    
(\9�)  (?)  

    
t)(  5)(  

 ,/�8 - 8��4*  �2�� ��2)* ���+� 8.+�+� B+J��+* B:J�I ?�D � K+�j< ?�D �- 89:9� �� ���� 84H6 ���  (\9�) ����
��

��!O	�� ����
�� (?) �84H6 t) �84H6 ����
�� (12� 84H6 5)�� ( ����
2084H6  
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���8��+* �J��+� (  L���  � 	�� ��

�* �7+G.� K -7� 8� 	H�� �@ ��74* KO2< .-2�  � 
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