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Investigation of the Behavior of Buckling-
Restrained Steel Plate Shear Wall under Fire 
Loading 
 
In this study, the seismic behavior of an all-steel buckling-
restrained (AB) steel plate shear wall (SPSW) with incline slits 
under fire and cyclic loading was investigated. ABSPSW was 
composed of two thin steel infill plates with a narrow distance 
from each other, which were embedded with incline slits on each 
plate. These slits were in opposite directions to each other. The 
finite element (FE) numerical model was validated with three test 
specimens and after ensuring the modeling strategy, the 
parametric study was performed by considering variables such as 
wall plate thickness, slit width, strip width between two slits, and 
degree of temperature. A total of 256 FE numerical models were 
subjected to coupled temperature-displacement analysis. The 
results of the analysis showed that the high temperature reduced 
the seismic performance of the ABSPSW so that at 917oC, the 
load-bearing capacity was reduced by 92%. In addition, with the 
increase in the temperature, the yield point of the infill plate and 
frame occurred in a small displacement. The average decrease in 
shear strength at 458°C, 642°C, and 917°C was 18%, 46%, and 
92%, respectively, compared to the shear strength at 20°C. Also, 
with increasing the temperature to 917°C, ductility increased by 
an average of 75%. 
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�-�� @�� ��*- � �91�\* .���/0����  �-2� n���

 �� �� -1
�3��Z e��1^ N7. �1 C*��2H�311

10  C��E*

�-�H E* �� ?�� �7  ��L �!� ���� �22L C]��� � 	*��

�*- 	7\^� �- �- ���� ����H2�-1�� Cb��� rc�D* � 

]37[.  

	�� N8�* C8:� A79- C� 	7\B�� �- B� �� G�1 m

	
���� ��cd� C9=9�   �7F� ��� ��M � �B�� [��7�|

�2� O7�. ��i- � . C� �Y:* O7�. N� �  �--�M ��1�

N����:�  �� Cc��E* ���� ���7� �2���7B�� 	7;�p �����

G� ���9 �cH �1Z C� � �2\� ����  ������ 	7;�p N77\ 

 .-��- �\*�L ����� C� ��7� ���7�]* C� CL1  �� [�\9�

���� � � . C:7*� �- C�;�M [�1d  A*�� �-@1; ���

�* CF3+* ��-@1; ���� ��1-  �H2�� [�E7Ef  CH --�M

 n��� � 	�� C�;�K� [�1d ���7� N� ���;� ��� ��

C�;� N7:g�� .	�� �2� Cb��� �-�2f*  �- ��H ���

����H �-@1; ���� �����1- �� ��P ��  �-@1; l��  J� 

 -1L�N� �� .-��-  ���7� ���;� ����� C� �C9�E* N� �- ���

����H �-@1; ���� ��1-  A��E* �- �-@1; l��  J� 

O7�. ��=7* � � .  N� �- .	�� �2� C�
�-�� �. ��K�

 ��-2� �2* -�8c�� �� ��:7�Z� �1`3 �� G� �h7Ef 

 �2��� >��� ���� ��1- ���7� �� -�2f* ���9� �2*

����H �-@1; J� �  ���KM��� �1/9� �� h�3 	f ISO-

834 �* �-�- ���B -1� ]38[ �-@1; ���� ��1- �G�� .

 ���KM��� �1/9� �� h��]*ATC-24  ���KM��� 	f 

C
�i �* ���B ��  --�M ����� �. -�8c�� � ���;� �  -�7M

]39[.  

2- /���0 1$�  

2 -1- 2�	 ���� ��'  
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10- Eurocode 3 

�2* C7P� ��� ^�3 C\9�]* �- �2� ������  h��]*

�* ����8�� � z�� e�1  �2� Cb��� �2* �� 2��� ]27[ .

 �� ����� ��1- �-@1; ?�� -�\��2  	*�D^ � ��*6 

�* ���7c7*  sZ�E* �� .2���H s]E* u]� C� A8�

300×300×16×16 ���9� ����  �2� �-����� ���* ���

� �-@1; u9�`* �7c�  �:  .	��C ���9� �- C�;� ��H  ���

�� ���* �� ���345  ��1- �-@1; ?�� �- � ��8����/*

 �� ����� ����235 �* ��8����/* �2* 2:.�; .2���  ����

 CD�� q1H��. -�2f* ���9� C*���� 6�H ��14/6  l�Y��

���9� � 	�� C�;�M C��1� ���  ��S4R ��M��!i  ��

�* ���� C�;� ���H ���/��� ���9� �2:�  � ���* ���

�-@1; ��1- ?�� 	�� �2� �-����� ]40[��+� .  �N� ��

A7cf  �- ���7� �]
�7a C�2:�  .	�� �2� ~�f9 ��

���9� C� =7� ��1- �-@1; ?��  27B �� �-����� �� ���* ���

tie .	�� �2� A`�*  

 ?�� ��a@ 	P�� �7F� ��c�D* �����*���� �7_| 

 h�3 ��*- � ��7� �- N7� ��1� k�� ���7� k�� ���1-

;� ������H �-@1; l��  ���� ��1- ���  X�� C� J� 

 ��2L �- .2�2� ����� -�2f* ���9�1=L � [�7

�2*  .	�� �2� Cb��� C9�E* N� �- C\9�]* -�1* �-2� ���

 j�3 ���2L C� CL1  ��IP  j�3 �- ��2��� ��Infill 

Plate  	*�D^ �/��7� �. �� 2\� -2� .	�� �2� C�;�M

.	�� �-@1; ��1- ?��  �/����� O7 �  C� �2\� -�2��

 h�3 ��*- � ��7� �- N7� ��1� k�� ���7� k��

�*  �O7 �  N2� .2���256  ���KM��� 	f  �-2� �2*

C
�i .2� �-�- ���B ��  

2 -2- !��3�  

���� �� �-����� �� �-@1; ���� ��1- ���;� ���9� C*

-��2�����/q1H��. -�2f* �* ���B C\9�]* -�1* -�7M 

]40[ � ��1- �-@1; ?�� �-�2f* ���9� �2* �- .

���9�  ���9� �� �-����� �� ���* ���S4R  ���9� 6 CH

C��1� ��!i ����M ���H ���/��� �� ��  �2* �	�� C�;�
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� �	7���3 =79��. l�Y�� �� N7:g�� .	�� �2� �cH ���2� �� ����� �*40  �-40 .	�� �2� Ad�3 ���7c7*  

 ��2L1- �� � �;�\*�2* ���K/* �-2� ���  

	*�D^ )mm(  ��7� k�� )mm( ��1� k�� )mm( �*- )oC(  

3 10 100 20 

IP  
4 30 150 458 

5 60 200 642 

6 100 250 917 

  

2 -3- ��3$� ��	� ��  

�2* l��  �- ���� 6i1H C79�� �c*�H�� 6 ��� �

. .	�� �2�N7 2H��1 C*��3 �* C7d1   �c*�H�� CH 2:H

f�d ����C ?�� ��  �� ���H 2�� ��005/0  � k��

005/0 2��� �-@1; A:� m�� �� ]41[ �-1�� ~�f9 ���� .

�2* C� C79�� �c*�H��  � 	;�M l�Y�� ����H A7cf  6 ���

 ����H A7cf  .2� ���D��� �. ��� ����H -1*

 �- ��7� �� � ��7� ��2� ?�� �� �-@1; ��1- 67��@�

 A8�1 �� �2� �-�- ��0�.	  

    
(r9�)  (J)  

 A8�1 -  �-@1; ���� �����1- ���� C79�� ��2:� �c*�H�� (r9�) � �� (J)��7� ��2�  

2 -4 - �,	 6+�,7 $ ���8"��9  

�^�3 C\9�]*� ���9 -�8c�� ������ �1F:* C�  ��

 �� .	�� C�;�M l�Y�� h�3 	f  �-@1; ���� ��1-

N� �2* ��� C7P� ��� �M �- �- �2� ���� A7cf  l

�*  � j2� ��*- C� �27�� �  [���3 ���� l�M �- .2�1�

 -��2����� q�����ISO-834 �* �-�- ��=;� -1� ]38[ .

 |�*- �:f:* 6 �� �-����� �� Oca� � . �7_ -  ��7� ��*�

�* --�M �:f:* � C]��� �� ��^�3 h7Ef  �- .ISO-834 

:	�� �2� �-�����  
(8 1)
10 0345 log tT T+= + )1( 

) C]��� �-1 �(T0  � C79�� ��*-T  C1��_ ��*-

 CL�- O�3��q17�c�  .	��t �3 CH ���*� � ���- h

�* �1Z �* �	�� CE7B- O�3�� � 20H  A8�) 2���2.(  

  
 A8�2 -  -��2����� �� h��]* � . ���KM��� �1/9�ISO-834 

]38[  



178  ����H �-@1; ���� ��1- ���;� ����� h�3 �_� 	f  J�   

 

����� 	
���� ��� ������ ���   ����� ����� ���1 ������  � ��!� �1400 

A7cf  �	��_ ��*- 	f  �l�- l�M �- C
�i ���  ��

�* l�Y�� 1� �-@1; ��1- �1��:� N� �- �N����:� .2�

C
�i ���KM��� 	f   ��2:* ���KM��� �1/9� �� h��]* ��

 �-ATC-24 C�;�M ���B  ����� @�� ��*- �- �. ���;� �

�* -1� ]39[ ��2L �- �2� ����� ���KM��� �1/9� .2 

.	�� �2� �-�- ��0�  

N 17� X��-  G� �* ��������� ���� �1�;��

����*  .	�� �2� �-����� �]
�7a A7cf  �1Z �-

���9� N7� [@�` �  �F� �- Ocd [�1d C� ���* ���

�2� C�;�M  27B .2��tie  �-@1; ?�� N7� >��0* ��* �-

���9� � ��1- C7P� 	!L ���* ���  �!�. N7� X1L ����

 	�� �2� �-�����]40[���9� N7�� ��!��� .  �-1�� ���

�9�E��� ������ C� �-  �- CH 2�2� 27E* [�`�D* �1f*

 A8�3  �1f* ������ �- ��8*�77<  .	�� �2� �-�- ��0�

z ���9� ��!��� �@�� ���� 	!L �-1�� ���  �1F:*

 �2� 27E* ���1f* ���� A8��77<  �� 	\���* �-1��

 .	�� N7:g��	;� ��� � 	��� 	�� ��!��� C� ��0M��

�8*�77<  ���:H X�� �� �E;� ���9� �@��A7cf  �- �  ���

C
�i .	�� �2� ����� �]
�7a ��  

 ��2L2- C
�i ���KM��� �1/9� �� 

(��-��) 	��- C��� A87� �����  (��-��) 	��- C���  A87� �����  (��-��) 	��- C���  A87� ����� 

0025/0± 5 0075/0±  3 015/0±  1 

005/0± 6 01/0±  4 02/0±  2 

  
  

(r9�) �* �2* ���* e��� � �2� �2:�  (J) ��7� ����- ��1- �� ����� ����  

  
(�) ��7� ����- ��1- 	0� ����  

 A8�3 - -�2f* ���9� �2*  

2 -5- ��;(- <3�)	  	D� �2* �]
�7a �0P:L �M2�1�12

11  �2* ��

A8� [���
 �-�* �K�13

12 �:  C]��� ��7� ���� -  ���H

                                                 
12

11- Nonlinear kinematic hardening model 
13

12- Ductile material damage 
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 	�� �2� C�;�M �F� �- h7Ef  �- -@1;]40[���9� .  ���

 �7c�  �:  �� -@1; �� ���*345  ?�� � ��8����/*

�� -@1; �� ��1- �-@1;  �7c�  �: 235  ��8����/*

  A780�2 �1��1� O�^ � C�7�7��@� ��2* .	�� �

 �� ����� O7 �  C� h7Ef  �- -@1;200  � ��8����/7M3/0 

 A8��77<  �- �/:7�1� �_� .	�� �2� C�;�M �F� �-

�2* ���� 67��+� �\B�� ����  	f  u9�`* ���;� � 

C
�i ���KM���  ��	�� �2-�M k�; ��7\* �N� �� ��+� .

7* �1; �7c�  .	�� �2� �-����� -�1* �7c�  ���� =�

C� C����� u9�`* �87��8* [�`D0* �v�:�^  �� h��]* �*-

2H��1 -��2�����3  A8� �-4 	�� �2� �-�- ��0� 

]41[.  

    
)(r9� �:f:* �:  ���- ���H  J)( � ���3 	�2�  

    
)�( ��� ��*�M  )[( rc�D* ����*- �- � ���3 �1Z�77<   

 A8�4 - `D0*�-@1; u9�`* � ���3 [�  

3 - ���� 2�	 �=&����>�� 

 C� �� ��-2� -�2f* ���9� �2* �Y:���P��� ����

 �- �	�D� �2* �- .	�� �2� �-����� ���/0�*�. �2*

 ���KM��� 	f  ��7� r-� �- ����- �-@1; ?�� �� C�1��

C
�i �1� �* � �H��7� e�1  ��14

13 2� �-�- ���B ]42[ .

� �l�- �2* �- � CEPZ 6 �-@1; ���� ��1- 6 ���;

 	f  N7b�� �7c�  �:  ����- �-@1; ?�� �� C���- 6

C
�i ���KM��� z��L � Ni e�1  ��15

14  ����� -�1*

	;�M ���B ]43[ ��1- �� ���/0�*�. �2* -1P� A79- C� .

                                                 
14

13- Hitaka and Matsui 
15

14- Chen and Jhang 

 ���/0�*�. �2* �� �h�3 ���KM��� 	f  �-@1; ����

 ���KM��� 	f  �7  ���;�6�1  e�1  CH h�316

15  �

����8�� 	;�M ���B ����� -�1* ]44[=L �C*�-� �- . [�7

�* u�0  �Y:���P��� �2* C� �� n��� � .2�1�  

)��� �Y:���P��� �2* (r9�  

�1� �* � �H��7� �42  A*�� ���/0�*�. C�1��

���. �� �-@1; ?��  ��� �-1�� �����7� rc�D* ���

��� 	f  �� �-@1; ?��C
�i ���KM  ���B ����� -�1* ��

s��* �-@1; ?�� .2�-�-  2\� C� A8�800  CH -1� ���7c7*

	D� �-  k�� C� �2::H50  sB�� �. CP9 �- �- ���7c7*

                                                 
16

15- Toric 
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	D� � ?�� 	*�D^ .	�� �2�  �� ����� �2::H5/4 

�* ��7�c7* �!� � �7c�  �:  .2���?�� �  O7 �  C� ��

 �� �����297  �382  ��8����/*�* 2:��� ]42[ N7� �� .

C�1�� l�� �� C�1�� �- ��2� ��*�. ���  ���A102(C)  �

A202(C) 2-�M J�D��� �Y:���P��� ���� N� [���  .

�* ��7� �1Z � �/28 �� ����7� Ccd�; �- C�1�� �-  .2���

 �� ����� ��7� k�� �C�1�� �- �� �-3  �2� ��7�
� ���7c7*

 .	�� N7:g������7� Ccd�; C�1�� �- �/28 ��  ���

A102(C)  �A202(C)  �� ����� O7 �  C�42  �86 

�* ���7c7*  ����� C�1�� �- �- ����7� �1Z N7:g�� .2���

 ��235  �168  �1/9� .2�2� C�;�M �F� �- ���7c7*

C
�i ���KM��� A8� �- �� 5 �* C�1�� ����� C�  �2:�

.	�� �2� �-�- ��0� �2�  

    
(r9�)  (J)  

 A8�5 - �2* C
�i ���KM��� �1/9� (r9�) ��-2� ����  ��]42[ � �* �2* (J) ���* e��� �� �2� �2:�  

 A8� �-6 C��E* ��7� �����-1�� n��� N7� ��- 

��D� [��77<  � ����- -  C�1�� �- ���� A87� �����

A102(C)  �A202(C)  C� CL1  �� .	�� C�;�M [�1d

�* �����-1�� H 	;��- ��1  A�f  A��B ���7� ��H��23 C

 �-2� C�1�� �-A102(C)  �� �����3/108  N 17�1c7H

 v�P�E  CH 	��5/1  ���/0�*�. C�1�� �� ��07� 2d�-

A87� ��D� [��77<  q����� N7:g�� .	��  tD0* ��

�*  �- ��D� ��2E* �- j+�
� ��H�23 CH -1�

A87�  ��=7* C� l1� � ��� ���5 C�1�� �- N7� 2d�- 

 A8� C� CL1  �� .-��- -1L� ���/0�*�. � -�2f* ���9�

6 - J�  ���/0�*�. C�1�� �- N7� ��D� j+�
� ��H��23

 �P�E  C� �-2� �8 �* 2d�-  ����� A87� �- CH 2��1 

�* ?�� � 2�;�.  

��+�  A8� �- N� ��7 C��E*  -1* A8� �- N7� ��

 �-2� � ���/0�*�. C�1�� �- ��!�A202(C) � ��0

 �� �-2� �2* n��� 	fd -��1* l��  CH 	�� �2� �-�-

�* 27|  .2���  

)l�- �Y:���P��� �2* (J  

	fd �2*   �� l�- �Y:� C�;�M l�Y�� h7Ef

z��L � Ni e�1   �� A80�* ���� �-@1; ��1- ��� ��

 �!�. .	�� �2� J�D��� N7b�� �7c�  �:  �� �-@1; ?��

-@1; ?�� �� �h7Ef  N� �- �:  � �7c�  �:  �� �

 ��!�93  �272 2�-1�� �-����� ��8����/* ]42[. 

C
�i ���KM��� 	f  ���/0�*�. C�1�� n:� -�8c��  ��

 ����� C�1�� .	;�M ���B ����� -�1*1  �!�. h7Ef  ��

 ?�� .	�� �2� J�D��� l�- Cc3�* �Y:���P��� ����

s��*  2\� C� �-@1; ��1- A8�1250  	*�D^ �8 

�* ���7c7* .2��� �1�� � �7  ����  ?�� j��Z� ���

Z�E* �� O7 �  C� ���� ��1- �-@1; s

11×7×175×244H  �14×9×250×250H  �2� �-�����

 ��2L �- .	��3 �2� Cb��� u9�`* �87��8* [�`D0* �

.	��  

 A8� �-8 � ���KM��� �1/9�C  �2* �- C�;� ��H

 �����1 �* �2* � � ����� C� �2� �2:� ���* e��

 A8� �- .	�� �2� �-�- ��0�9 =7� C��E*  N7� ��
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��7� �����-1��-  � ���/0�*�. C�1�� �- ��8*�77< .	�� C�;�M [�1d �-2�  

    
(r9�)  

    
(J)  

��7� �:f:* - 	��- 	P��  A87� � ��D� N7� C]��� ���KM��� ���  

 A8�6-  C�1�� � �-2� �2* n��� C��E*���/0�*�. (r9�) A102(C) (J) � A202(C) ]42[  

    
(r9�)  (J)  

 A8�7 -  C�1�� ��!� -1* A8� (r9�) ���/0�*�.]42[  � (J) �2* �-2�A202(C)  

�* tD0* ���-1�� �� h��]*  ���7� ��H�23 CH -1�

 �� ����� ���/0�*�. C�1�� e�1  A�f  A��B �P��L1190 

 v�P�E  CH 	�� N 17�1c7H5/2 7� 2d�- ��7� ���� �� ��0

�* 	;��- N7:g�� .	�� �-2� �2* �-  CH -1�

 ��2E* C� � ��� A87� �- ��D� [��77<  j+�
� ��H��23

8 �* 2d�- ��.2�  A8� �-10 C��E*  A8��77<  N7� ��

�!� ����� ���/0�*�. � �-2� �2* �- �1  �-�- ��0�

 �-2� �2* n��� �-1� u7fd �� ��0� CH 	�� �2�

.-��-  

 ��2L3-  �-@1; u9�`* �87��8* [�`D0*]43[  

(2d�-) ��!� ���H  (��8����/*) ��!� �:   (��8����/*) �7c�  �:   (���7c7*) ?�� 	*�D^ 
13  556  445  7 
12  454  336  9 
13  541  439  11 
12  442  317  14 



182  ����H �-@1; ���� ��1- ���;� ����� h�3 �_� 	f  J�   

 

����� 	
���� ��� ������ ���   ����� ����� ���1 ������  � ��!� �1400 

    
(r9�)  (J)  

 A8�8 -  ����� �-2� �2*1C
�i ���KM��� �1/9� (r9�) � � �� ���* e��� (J)  

    
(r9�) ��7� �:f:*- 	��- 	P��  (J) A87� � ��D� N7� C]��� ���KM��� ���  

 A8�9 -  ����� ���/0�*�. � �-2� �2* n��� C��E*1   

    
(r9�)  (J)  

 A8�10 -  ����� ���/0�*�. � �-2� �2* �- ��!� -1* A8�1  

)l1� �Y:���P��� �2* (�  

 ��� �-2013 � 6�1  ���8����  C\9�]*

 l�Y�� �� h�3 	f  �-@1; �7  6 ��� ���/0�*�.

 N� �- .2�-�- �1Z C� �7  �� C\9�]*5/2 �* ��* �- �� �8

C78  2� �-����� C���- ��!��� � �2��� �- �c`�* ��M 

]44[ ��=7* C� �91Z .25/1  	f  C���- e�� ��*

) A8� �� h��]* h�3 ���KM���11-  �-�- ���B (r9� .2�

 	��_ �b�B ��� 6 ���� l�M �-200  e�� C� N 17�1c7H

2-�M ����� C���- �� ���� A8��77<  �l�- Cc3�* �- .

 ��*� [2* �- C���- e�� �- � . �1�3115  CE7B-

���2�� � -@1; �7c�  �:  .2� ��7MC  �7  �- C�;� ��H

 ��*- �- �-@1;20  CL�-q17�c�  �� �����370 

:  � ��8����/*!� �� �� ����� �. �530  ��8����/*

�*  C�1�� �- N7� C���- e�� =7
 C��E* .2���

) A8� �- �-2� � ���/0�*�.11-  �2� �-�- ���� (J

 � ����8�� � 6�1  e�1  �2� CP��f* A8��77<  .	��

 .2���- �91PB A��B h7P]  �/28 �� �-2� C\9�]* CY7��

- n��� N7� j+�
� ��=7* ��H�23�* �� C�1�� �  �- ��1 

 -�232 .	;� ���KM��� ��*� [2* �- 2d�-  

4- ?�9 $ @+�>�  

4-1 - 0A��;(- ��(+� B�$ �,C; D��� ,�E  



�3 ��2:�� �*1`\*N7 C��D*�L �-�P� � ��73� ��-��  183  
  

 

����� 	
���� ��� ������ ���   ����� ����� ���1 ������  � ��!� �1400 

  �2��0* ����| ��1- ���;� �� ��a@ 	P�� �7_

 ��2E* ��!i �� �xf� -�1* �-@1; ����7/666 �500 �

400  �3/333  ?�� 2\� C� CL1  �� .	�� �2� �-�����

-) ���� ��12000  �� �p�:�* ?�� 	*�D^ �(���7c7*

 �� ����� ?1; �-�E*3 �4 �5  �6 �* ���7c7* .-1�  ���;�

	*�D^ �� ���� ��1- �0���H  �- ��1- ?�� rc�D* ���

 A8�12  �A8� N� �- .	�� �2� �-�- ��0�

A8��77<  Cf�d ���� ���  �P��L �����7� ����� �- ��

�2� Cb��� �9���� �� A8� �- N7:g�� .213  �����-1��

��7�- .	�� �2� �-�- ��0� �P�� ��8*�77<  	P��  

    
(r9�)  (J)  

 A8�11 - �*- �1/9� (r9�) ��*- [��77< - ��*� � A8��77<  �:f:* (J)- �7  C���- e�� �- ��*�  

    
(r9�)  (J)  

    
)�(  )[(  

 A8�12 - ��1f* ���� A8��77<  �:f:*- ��� �P��L ����2* � 	*�D^ �� �-2� ��� �D* ��� (r9�) ��*- �- rc20 (J) �458) � (�

642 � )[ (917  CL�-q17�c�  

C�1�� -�� -�2\  C� CL1  ��  ���7� n��� �!:  ���

�P��L- Cf�d ���� ��8*�77<  C�1�� ��  k�� �� ���

 �� ����� 	��_ ��1� � ��7�10  �100  A8� �- ���7c7*12 

�2� �-�- ��0� 2� A8� �- .12�  �9�1  � �0���H 	*��E*

* �7c� {C�9  �� �-@1; ���� ��1- ���7� ���

	*�D^  ��0� rc�D* ����*- � ��1- ?�� rc�D* ���

���� .	�� �2� �-�- �* CF3+* CH �1Z  ��=;� �-1�

 �- CF3+* A��B ��=;� C� �Y:* ��1- ?�� 	*�D^



184  ����H �-@1; ���� ��1- ���;� ����� h�3 �_� 	f  J�   

 

����� 	
���� ��� ������ ���   ����� ����� ���1 ������  � ��!� �1400 

f�d ���� ��8*�77<  ���H � ����H 	*��E*C  ��

�* .-1�  ��*- �- ����* �1Z C�917  �� �q17�c� CL�-

 �� ��1- ?�� 	*�D^ ��=;�3  C�6  	*��E* ����7c7*

�0���H�  v�P�E  ��=;�45 2d�-�  .	��- 2��1
 ��

C�1�� l��  �- 67��@� ����H N7:g��  �-�2f* �- ��

5/1  � 5/2  w� ��1f* ���� A8��77<  �� ���7c7*

�* .2�-  

    
(r9�)  (J)  

    
)�(  )[(  

 A8�13 - �P��L A8��77<  �:f:*- �2* ���� �P��L ��� 	*�D^ �� �-2� ���  �- rc�D* ��� (r9�) ��*-20 (J) �458) �� (642 � 

)[ (917  CL�-q17�c�  

��+�  ��=;� �� CH -1�� ��7� 2�� �-��1* N� ��

� ���H ��8*�77<  �- J�B � ?�� �7c�  C]E� �[���3 ?�� 

�* .2�;�  ?�� �7c�  C]E� ���1- ?�� 	*�D^ ��=;� ��

�* w� @�� 	��- 	P�� �- N� �� .2�-  ��1- ���� ���3

 ?�� �7c�  C]E� �rc�D* ?�� 	*�D^ �� �-@1; ����

 A8�) 	�� J�B �7c�  C]E� �� APB C07��13 .(

 �2��0* 	*�D^ ��=;� �� -��1* l��  �- N7:g��

�* 7;�p CH -1�.	;� ��=;� =7� ���� 	  

��D� ��-1��-  ���� ��1- ���� 	��- 	P��

	*�D^ �� �F� -�1*  �- [����* ����*- �- rc�D* ���

 A8�14 2� �-�- ��0�.  	*�D^ �� ���� ��1- ����

 	*�D^ ���H �� C79�� �P��L ��D� ���1- ?�� [����*

�* ���H ���1- ?�� � �	��- 	P�� ��=;� �� � 2�� C

�* 22��� n�2  �* �2��0* �-1L� N� �� .-1�  CH -1�

-�1* ���� ��1-A8��77<  �F�  ��H�23 �� �� 67��@� ���

�* C��Y  �P��L ��D� v�-�23 	��- 	P�� �� APB .2:H 

10/0 2d�- A79- � -��- -1L� ��D� �- =7i�� ���H �

 ���0; C73�� �- ��7� �- N7� �����1� �\^1* ����H �.

��� 	��- 	P�� �� G� .2:10/0 2d�- �9�1  A79- C� �

 ?�� � ��D� �- ���H �����7� N7� �����1� �7c� 

�*  n�2  C� ���� ���7� ��=;� �� �7c�  C73�� .2�;�

�* X���M  ���*� �P��L ��D� �- ���!M�� 	;� .2��

�C �* -1L�  C� 	��- 	P�� CH 2.47/0 2d�- �*  .2��

� m1^1* N� A79- �- N7� J�1* �����1� l��  CH 	�� N

�2� �7c�  ��7� .2��  



�3 ��2:�� �*1`\*N7 C��D*�L �-�P� � ��73� ��-��  185  
  

 

����� 	
���� ��� ������ ���   ����� ����� ���1 ������  � ��!� �1400 

  
 A8�14 - ��D� �:f:*- �2* 	��- 	P��  �-2� ���

 ��*- �- ��1- ?�� 	*�D^ [����* �-�E* �� -�2f* ���9�

458  CL�- q17�c�  

4-2 - 0A���7 F,� ,�E  

 ���� 	7;�p � �P��L ��D� C� N�;� 	�- ����

C� �!:  	�7� ��7� �J1c]*  �� �-@1; ?�� �� �-�����

 [����* �7c�  �:  �� �-@1; u9�`* � rc�D* 	*�D^

�* C8c� .2� -�2f*  y1]� C� ��7� k�� �- �77<  �� ��1 

 .	;� 	�- ���� 	*��E* � �P��L ��D� �� rc�D*

 A*�� ��7� k�� ���� ��2E* ��!i10 �30 �60  �100 

���7� ��-1�� .2�2� C�;�M �F� �- ���7c7* �P��L-  	P��

C�1�� ���� 	��-  �� ����� ��1� k�� ����- ���100  �

 �� ����� ?�� 	*�D^4  A8� �- ���7c7*15  �2� Cb���

�* CF3+* CH C�1/���� .	��  	*��E* � ��D� �-1�

�* ���H ��7� k�� ��=;� �� �-@1; ���� ��1-  .2��

C�1�� �1Z C�� �2* ����  A8� �- �2� Cb��� ���15 �� �

 �� ��7� k�� ��=;�10  C�100  ������ 	7;�p ����7c7*

 �� �P��L230  C� N 17�1c7H162  	�� �27�� N 17�1c7H

 CH30�2* C79�� ��D� �N7:g�� .	�� C�;� ���H %  ��

v�P�E  =7� 35 .	;� ���H 2d�-  

4-3 - ��(� F,� ,�EA0  

 ��2L C� CL1  ��1 �- ��1� k�� ���� ��2E* ��!i �

�]* �� ����� CH 2� ~�f9 6��*���� [�\9100 �150 �

200  �250 �* ���7c7*  A8� �- .2���16 N7� C]��� �

�2* ���� �P��L ��� � 	��- 	P��  �� -�2f* ���9� ���

 ?�� 	*�D^5  ��7� k�� � ���7c7*30  �- ���7c7*

 ��*-458 .	�� �2� �-�- ��0�  q17�c� CL�-  

  
 A8�15 - �P��L ��� �:f:*- �2* 	��- 	P��  �-2� ���

k�� �� -�2f* ���9�  ��*- �- rc�D* ��7� ���917  CL�-

 q17�c�  

 �� �-@1; �����1- ��D� � ���� 	*��E*

k��  C]��� ��1� k�� ��=;� �� ��1� rc�D* ���

 �� ��1� k�� �77<  �� �n��� C� CL1  �� .-��- ��7E��*

100  C� ���7c7*250 ��� 	7;�p ����7c7* �� ���1851 

 C� N 17�1c7H2125  �P�E ) N 17�1c7H15  ��=;� (2d�-

.	�� C�;�  

 
 A8�16- �:f:* ��7� ���- �2* ���� 	��- 	P��  ���

k�� �� -�2f* ���9�  ��*- �- rc�D* ��1� ���458  CL�-

 q17�c�  

4-4 - �	� ,�EA0  

 A8�17�  �- �� ���� ��1- =�7* �1; �:  s�1 

	P�� c�D* ��� ��*- �- � 	��- r20  ��0� CL�-

�* �:  	7\B1* � ��2E* �A8� C� CL1  �� .2�-  �� ��

�2� �-�- ��0� �/�� ����1�:H  �� �q��� N� �� .2��

 ��1- ����� e�1  A�f  A��B �:  ��H�23 ��*- ��=;�

�* �27� ���H �-@1;  	P�� �- C�1�� ��1:� C� .2:H



186  ����H �-@1; ���� ��1- ���;� ����� h�3 �_� 	f  J�   

 

����� 	
���� ��� ������ ���   ����� ����� ���1 ������  � ��!� �1400 

 	��-1 � �*- ��=;� �� �2d�- �458  C�917 ��2E* �

23 �� =�7* �1; �:  ��H�6/298  C�6/47  ��8����/*

�* ���H  ��*- �- CH 	�� �H� C� l�@ .2��917  CL�-

 ���B �P��L ���KM��� 	f  C�1�� C8:� �� APB �q17�c�

�:  l��  �-1� �-�- � ���C  x��� C�1�� �- �2*. -1L�

���9� � ��1- ?�� ����� �2� �7c�  * ���.2� ���  

      
(r9�)  �*-20  CL�-q17�c�  	��- �1 2d�-  (J)  �*-20  CL�- q17�c� 	��- �2 2d�-  (�)  �*-458  CL�- q17�c� 	��- �1 2d�-  

      
([)  �*-458  CL�-q17�c�  	��- �2 2d�-  (�)  �*-642  CL�- q17�c� 	��- �1 2d�-  (�)  �*-642  CL�- q17�c� 	��- �2 2d�-  

    

  

(�)  �*-917  CL�- q17�c� 	��- �1 2d�-  (y)  �*-917 L�- Cq17�c�  	��- �2 2d�-    

 A8�17 -  ?�� 	*�D^ �� �-2� �2* ���� =�7* �1; �:  s�1 3  ��7� k�� ����7c7*10  ��1� k�� � ���7c7*100  �- ���7c7*

	P�� � ���*- rc�D* 	��- ���  

C�1�� ���� 	*��E* ���H ��=7*  	*�D^ �� ���

 ��1- ?��3 ��7� k�� �10  ��1� k�� �100  ���7c7*

 ����*- �-458 �642  �917  O7 �  C� q17�c� CL�-

 �� �����10 �60  �90 ��*- �- C�1�� �� C��E* �- %20 

�* q17�c� CL�-   �� .2�����2L C� CL1 1 �- ��=;� �

  ?�� 	*�D^| �- ���� 	*��E* O�^ �� �7E��* �7_

����� C� CL1  �� �N7:g�� .-��- @�� ����*-  [�1d ���

 ����*- �- ���� 	*��E* ���H N7/��7* �C�;�M458 �

642  �917  CL�- q17�c�  O7 �  C�18 �46  �92 %

 ��*- �- ���� 	*��E* �� C��E* �-20  CL�- q17�c�

�* .2��� D0* �*- ��=;� �� ����
 -1* CH 2� t A*��

Cf�d ���� A8��77<   ����H � �-@1; ��1- ?�� ��

 ��*- �- � ���7  ��� �P��L917  ��� q17�c� CL�-

�1�� �* ��L1�� ��i- =7� ��1- �����7� ��� .2�1�  

5 - �=�>� �,�"  

C\9�]* l��  ���� ��1- ���;� ����� C� �^�3 

����H �-@1; �* rc�D* ����*- �- J�   ���� .-��-��

 Cc3�* C� �- -�2f* ���9� �-2� �2* �2��� �1F:* N�

C�1�� ��  �� G� .2� �Y:���P��� ���/0�*�. ���



�3 ��2:�� �*1`\*N7 C��D*�L �-�P� � ��73� ��-��  187  
  

 

����� 	
���� ��� ������ ���   ����� ����� ���1 ������  � ��!� �1400 

fd �� ��:7�Z��2* 	  ��-2� ����256  �� �-2� �2*

����H �-@1; ���� ��1- C�
�� J�   ���KM��� 	f  �

Cc3�* �- � ��C
�i � [���3 A*�  .2� �-�- ���B ��

7<�* ?�� 	*�D^ A*�� C\9�]* N� �- ����� -�1* ����

 �*- � ��7� �- N7� ��1� k�� ���7� k�� ��-@1; ��1-

�!* .-1� C�;� N�  - h7Ef  ���2�2� Cb��� C*�-� �: 

1-  �91�\* ��*- �-20  	7\^� �q17�c� CL�-

�0H C1� �- �: - ?�� �- ��0; �� �C  -1L�

�* A87� ���8  �_� �- CH 2.  ���KM��� ���

�*   C� �� [���
 � ����H 2��1 |.-��2��7� �7
  

2- C�1�� l��  �- 67��@� ����H �-�2f* �- �� 

5/1  � 5/2  ��1f* ���� A8��77<  �� ���7c7*

�* w�  �7c�  C]E� ��*- ��=;� �� N7:g�� .2�-

�� � ���H ��8*�77<  �- J�B � ?���* ? .2�;�  

3-  C� �P��L ������ 	7;�p ���7� k�� ��=;� ��

 N7/��7* �1Z25���M l��  �- %  ��*- ���

�2* C79�� ��D� �N7:g�� .	�� C�;� ���H  ��

 �P�E  N7/��7* �1Z C� =7�35  ���H 2d�-

.	;�  

4-  ����*- �- ���� 	*��E* ���H N7/��7*458 �

642  �917  CL�-q17�c� O7 �  C� 18 �46  �

92 ��*- �- ���� 	*��E* �� C��E* �- %20 

 CL�-q17�c� �* .2���  

  

G��,	   

[1] Driver, R. G., Kulak, G. L., Kennedy, D. L., & Elwi, A. E. (1998). “Cyclic test of four-story steel plate shear 
wall”, Journal of Structural Engineering, 124(2), 112-120.  
[2] Wang, M., Yang, W., Shi, Y., & Xu, J. (2015). “Seismic behaviors of steel plate shear wall structures with 
construction details and materials”, Journal of Constructional Steel Research, 107, 194-210.  
[3] Sabouri-Ghomi, S., & Roberts, T. (1992). “Nonlinear dynamic analysis of steel plate shear walls including 
shear and bending deformations”, Engineering Structures, 14(5), 309-317.  
[4] Rahmzadeh, A., Ghassemieh, M., Park, Y., & Abolmaali, A. (2016). “Effect of stiffeners on steel plate shear 
wall systems”, Steel and Composite Structures, 20(3), 545-569.  
[5] Astaneh-Asl, A. (2001). Seismic behavior and design of steel shear walls. Structural Steel Educational 
Council Moraga, CA. 
[6] Vian, D., Bruneau, M., & Purba, R. (2009). “Special perforated steel plate shear walls with reduced beam 
section anchor beams. II: Analysis and design recommendations”, Journal of Structural Engineering, 135(3), 
221-228.  
[7] Thorburn, L. J., Montgomery, C., & Kulak, G. L. (1983). Analysis of steel plate shear walls. Structural 
Engineering Report No. 107, University of Alberta, Edmonton, Canada. 
[8] Alavi, E., & Nateghi, F. (2013a). “Experimental study on diagonally stiffened steel plate shear walls with 
central perforation”, Journal of Constructional Steel Research, 89, 9-20.  
[9] Guo, H., Li, Y., Liang, G., & Liu, Y. (2017). “Experimental study of cross stiffened steel plate shear wall 
with semi-rigid connected frame’, Journal of Constructional Steel Research, 135, 69-82.  
[10] Alavi, E., & Nateghi, F. (2013b). “Experimental study of diagonally stiffened steel plate shear walls”, 
Journal of Structural Engineering, 139(11), 1795-1811.  
[11] Guo, Y. L., Miu, Y., & Dong, Q. L. (2007). “Elastic buckling behavior of stiffened steel plate shear walls 
slotted at two edges”, Progress in Steel Building Structures, 9(3), 58-62. 
[12] Amiri, B., AghaRezaei, H., & Esmaeilabadi, R. (2018). “The effect of diagonal stiffeners on the behaviour 
of stiffened steel plate shear wall”, Computational Engineering and Physical Modeling, 1(1), 58-67.  
[13] Shafaei, S., Ayazi, A., & Farahbod, F. (2016). “The effect of concrete panel thickness upon composite steel 
plate shear walls”, Journal of Constructional Steel Research, 117, 81-90.  
[14] Han, Q., Zhang, Y., Wang, D., & Sakata, H. (2019). “Seismic behavior of buckling-restrained steel plate 
shear wall with assembled multi-RC panels”, Journal of Constructional Steel Research, 157, 397-413.  
[15] Elgaaly, M., & Liu, Y. (1997). “Analysis of thin-steel-plate shear walls”, Journal of Structural 
Engineering, 123(11), 1487-1496.  
[16] Sabouri-Ghomi, S., & Roberts, T. (1991). “Nonlinear dynamic analysis of thin steel plate shear walls”, 
Computers & structures, 39(1-2), 121-127.  



188  ����H �-@1; ���� ��1- ���;� ����� h�3 �_� 	f  J�   

 

����� 	
���� ��� ������ ���   ����� ����� ���1 ������  � ��!� �1400 

[17] Du, Y., Hao, J., Yu, J., Yu, H., Deng, B., Lv, D., & Liang, Z. (2018). “Seismic performance of a repaired 
thin steel plate shear wall structure”, Journal of Constructional Steel Research, 151, 194-203.  
[18] Shafaei, S., Farahbod, F., & Ayazi, A. (2017). “Concrete stiffened steel plate shear walls with an 
unstiffened opening”, Structures, 12, 40-53. 
[19] Meghdadaian, M., & Ghalehnovi, M. (2019). “Improving seismic performance of composite steel plate 
shear walls containing openings”, Journal of Building Engineering, 21, 336-342.  
[20] Farzampour, A., Laman, J. A., & Mofid, M. (2015). “Behavior prediction of corrugated steel plate shear 
walls with openings”, Journal of Constructional Steel Research, 114, 258-268.  
[21] Zirakian, T., & Zhang, J. (2015). “Structural performance of unstiffened low yield point steel plate shear 
walls”, Journal of Constructional Steel Research, 112, 40-53. 
[22] Ma, Z.-y., Hao, J.-p., & Yu, H.-s. (2018). “Shaking-table test of a novel buckling-restrained multi-stiffened 
low-yield-point steel plate shear wall”, Journal of Constructional Steel Research, 145, 128-136. 
[23] Zirakian, T., & Zhang, J. (2015b). “Seismic design and behavior of low yield point steel plate shear walls”, 
International Journal of Steel Structures, 15(1), 135-151.  
[24] Shekastehband, B., Azaraxsh, A., & Showkati, H. (2017). “Experimental and numerical study on seismic 
behavior of LYS and HYS steel plate shear walls connected to frame beams only”, Archives of civil and 
mechanical engineering, 17, 154-168.  
[25] Qi, Y., Gu, Q., Sun, G., & Zhao, B. (2017). “Shear force demand on headed stud for the design of 
composite steel plate shear wall”, Engineering Structures, 148, 780-792.  
[26] Jin, S., Yang, S., & Bai, J. (2019). “Numerical and experimental investigation of the full-scale buckling-
restrained steel plate shear wall with inclined slots”, Thin-Walled Structures, 144, 106362.  
[27] Wang, P., Xue, Z., & Xiao, S. (2017). “Seismic behavior of Self-Buckling-Restrained Steel Plate Shear 
Wall made by two incline-slotted infill plates”, Journal of Constructional Steel Research, 133, 47-64.  
[28] Gardner, L., & Baddoo, N. (2006). “Fire testing and design of stainless-steel structures”, Journal of 
Constructional Steel Research, 62(6), 532-543.  
[29] Richard Liew, J., & Chen, H. (2004). “Direct analysis for performance‐based design of steel and composite 
structures”, Progress in structural engineering and materials, 6(4), 213-228.  
[30] Yang, K.-C., Chen, S.-J., Lin, C.-C., & Lee, H.-H. (2005). “Experimental study on local buckling of fire-
resisting steel columns under fire load”, Journal of Constructional Steel Research, 61(4), 553-565. 
[31] Liew, J. R. (2008). “Survivability of steel frame structures subject to blast and fire”, Journal of 
Constructional Steel Research, 64(7-8), 854-866.  
[32] Dong, Y., Zhu, E., & Prasad, K. (2009). “Thermal and structural response of two-storey two-bay composite 
steel frames under furnace loading”, Fire safety journal, 44(4), 439-450.  
[33] Sun, R., Huang, Z., & Burgess, I. W. (2012). “Progressive collapse analysis of steel structures under fire 
conditions”, Engineering Structures, 34, 400-413.  
[34] Hoehler, M. S., Smith, C. M., Hutchinson, T. C., Wang, X., Meacham, B. J., & Kamath, P. (2017). 
“Behavior of steel-sheathed shear walls subjected to seismic and fire loads”, Fire safety journal, 91, 524-531. 
[35] Ryu, M. G., He, K., Lee, D. H., Park, S. I., Thomas, G., & Paik, J. K. (2021). “Finite element modeling for 
the progressive collapse analysis of steel stiffened-plate structures in fires”, Thin-Walled Structures, 159, 
107262. 
[36] Tao, Y., Mahendran, M., & Ariyanayagam, A. (2021). “Fire tests of cold-formed steel walls made of 
hollow section studs”, Journal of Constructional Steel Research, 178, 106495. 
[37] Reis, A., Lopes, N., & Real, P. V. (2019). “Ultimate shear strength of steel plate girders at normal and fire 
conditions”, Thin-Walled Structures, 137, 318-330. 
[38] ISO‐834. (1975). Fire resistance tests‐elements-elements of building construction.  
[39] Council, A. T. (1992). Guidelines for cyclic seismic testing of components of steel structures. ATC-24.  
[40] Abaqus, V. (2014). 6.14 Documentation. Dassault Systemes Simulia Corporation, 651, 6.2.  
[41] Standard, B. (2006). Eurocode 3-Design of steel structures-. BS EN 1993-1, 1, 2005.  
[42] Hitaka, T., & Matsui, C. (2003). “Experimental study on steel shear wall with slits”, Journal of Structural 
Engineering, 129(5), 586-595.  
[43] Chen, S.-J., & Jhang, C. (2006). “Cyclic behavior of low yield point steel shear walls”, Thin-Walled 
Structures, 44(7), 730-738.  
[44] Torić, N., Harapin, A., & Boko, I. (2013). “Experimental verification of a newly developed implicit creep 
model for steel structures exposed to fire”, Engineering Structures, 57, 116-124. 




