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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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 2:��1
 �� @�� h
�3 ����� �- 	*��E* ��91�\* sZ�E*

-	�� ]36[. C9�E* �- �/
- ��  ��� �-2019�  �����

?�� �7  �
�!� ���� 	*��E* ��� �- �-@1; � e
��

2� C�
�-�� @�� ��*- � �91�\* .���/0����  �-2� n
���

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

10  C�
�E*

�-�H E* �� ?�� �7  ��L �!� ���� �2
2L 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 �  N
2� .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  C
1��_ ��*-

 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[  
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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*
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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
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