
١٦٥ 

  

  

�������� 	�
�� �
�� ������� ������� �� ������� ��� 
� !" #$�%�� ��&�� ��$�' ���� ���&���� 

  

��� ����	��1 ��
��
 ������ ���2*  

  
1. ��� ��	
 ����
� ������ ������� ������� ������� ��� ������� ��
�� ���� �������  �!��  

2.  ����
� ������ ������� ������� ������� ��� ������� ����#� �$�� ��
����� �%���� &���'( ���  

  
biglari.a@gmail.com  

 

�
���� �����: 18/01/1401                       !��"# �����:  25/03/1401  

 �����  

 ��)	$*+ ����� ����( ,( �-�./���''01 %'#21 &�
3+�� 45�6��
 &�	 ��6
� �7��8 �(��( 9��'�&�	 &�:6� ���( �;: + .4�� ��� ,�5���

 �6<�� %
�( �(( ,&�'���  =�� �$�>� ��#?� ��@��TMABAQUS  !�A B
3  @'?��D ����
 ,EF
��1 �G5�'; /'�>1 H$� ,( $ &
��?�� ���( ,I7J

 .4�� ��� &�:6� ���( &�	��6
� �:�( &K��� !38 :,�#8 
� �
�
�@� ,( ,861 �(/��&��M�A� ,��N $ ��8� 4��� �&�
3+ O$���� 
��1 %


9��'� �7��. =$�I� &�	����	 . �(%'
D P��� 6��D ,���2018 &����� ��$�>� ,� ,( 4��F- ,( ,861 �( &�:6� S�>TN  9'F- $ U�6�� ��;:

�� 9'�I1 $ �� !�F��� �;: S�>TN &����� ��$�>� �� V��F� 4��F- ,� ,?�I� %
� �� .��6����6�W ��#?� ,( ���D O�M1��6���'+ &�	 ,( �

8 $ &���1�� S�6N�X@  V
�Y1�� . Z
��� ,  ����� ���� )
�@�� ,( �[�� ,>TN O�M1� O6J )	�  ��  �6G((�8 ,�'�'(, �$�� �7�� �
�8

 (4T
��) ,>TN S�I7J���6�,�6� ,( . ,  &� �� $ &���1�� O�M1� ��50% � ���( ��6
� O�M1�6��#?� ,( &�:���6���'+ &�	  47��,�'�'( ( ,

,�'#  (�8,� �7�� �
�8�$� ,>TN  (4T
��) S�I7J`'1�1 ,( 
� 5/1 �1 4/2 4�� ,���
 )
�@��. ��$�>� ����D 4�� ,( Z
��� c7J ,�7?�����>( �
�	 

�� O�M1� O6J )	�  ���D �� ,  ����� �68$,>TN 4�$�I� )
�@�� &$� ���61 /���''01 )	�  $�	 .���( ��3��'de1  �( �;: S�>TN ��

4��F- /(�A $ @'W�� ��'�( ���( ����#  4�$�I� 9  ��'�( &�	9�W��6+ 4�� ���  � f+ 4�$�I� ���$ &��3���( 
� f+ ,�N��g( ,>TN $ 


 )��# ���6��  S�>TN %
� ,( h6(�� Z
��� /'?� %'#	 ,(%''Y1 .4�� �
�� ����� ����  �( �� ��5�6��
 =�� 4��F- )	� �'((�8 ,�', �
�8

 (4T
��) ,>TN �$�� �7�� ��
� S�I7J�� ,   �(�''01 O6J ��#?� ,( ���( &�:6� ,>TN �X@8 S:�M1���6���'+ &�	� '�'( ,�,(�8�
�8  �7��

 (4T
��) ,>TN �$�� �
�� i�T1�� �� S�I7J jgN���.  

����	 
��
��: S�>TN �&�:6� ���( ��6
� &�:6� =$�I� ��;:&
������
 ,EF
��1 �G5�'; /'�>1 �.

1. �����  

9��'��7��8 =$�I� &�	 �
�� ���@#	 /#>1 k�	 �( V��F� &�

=$�I� $ �.��J �7��8 $ ������ &�	��(�� &
�� ,�#8 
� .��6�

9��'��� �7��8 �(��( &�	!�A ,( ��61&��(���� ���#5 &�	 -

,�$@�� $ ���( &�	��6
� ��	 =�#1 .��  ����� �&K��� !l�8 &�	

 %
�9��'��7��8 =$�I� &�	 �� ����#� �67�( �6<�� ,( ����61

��*
$ /'7A 
� &����� &�	/���F� �&�(��( 4'��m �&�
3+ �

Z
�� 
� ��
 .���'�( ���A ����( ��6� &K��� !38 $ %
�1

H$� 
� ���T��� ��	�7��8 =$�I� 9��'� 4�� ���( &�	��6
� 

[1] &�:6� ���( &�	��6
� . B
�7��8 =$�I� 9��'� �( ��'

 �7��8 &�	��( /#>1 �� �
�� ����� O���  �� �dn�����	 [2] .

9��'� 
� ���T��� ��'5� ,	� ���W �� &�:6� ���( ��6
� &�	

 �#�� ,�[�– ��	$*+  

P��� ���#� ������ 

���#� �=$� $ 4�'( ��$�6O�� �1401  

 [
 D

O
I:

 1
0.

22
03

4/
22

.6
.1

65
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ce

j.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

8-
10

 ]
 

                             1 / 14

http://dx.doi.org/10.22034/22.6.165
https://mcej.modares.ac.ir/article-16-60555-fa.html


 '()���*� ��+,� �-./ 0�(1�...�� 2��34/� �� �5�6.(� ���                                             �
��
 ������ ��� 7 	�� ��� ���� 

١٦٦ 

��#�5�� 
� &��'�( �� =$�I� �#��'� ��6�� ,( ,71�� ���( &�	

4
�-� ����#� /'?� ,( ��7��8 &�	��( �(��( �� )F( ��6� ���D
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��  ����( &K��� [14].  

 ,( ,861 �(=$@? &��#Y�� 1 �67�eS��'�  $ �J�F()	�  

&�:6� ���( &�	��6
� ��F�  �� �	6�
�( ��[
� wA�6� �2Y(

 U
��� �5�( �� ,��
� ,( ,861 �( .4�� ���@?� &�:6� ,>TN

!���8� &�:6� S�>TN �� 6�
�( ��[
� �4�� �
3+��

1 ���6�W &$� ������	$*+e ����#� �( 6�
�( �'d�6
� &�	�

,���� �1�Y?�G� &�:6� ���(( .��� , ��6��,�6#� O�� �� 2021 

2'( &�	6�
�( �d�/�� �  s�>? 
� �&$�
�� $���6�W 'W ����

 4'��m $ &K��� !38 qG� �)�1 w

61 &$� �	6�
�( ���Y1 $

 ���A ,Y?�G� ��6� (f

���'	 ��>��) 9��'� &�(��( �
���

4��� [4]=�� 
� )	$*+ %
� �� . P6 �(D �$�>� ��#?� ��@��

O�� &$� ���'� &��3���( $ �� ���T���
��� c7J .�� =�[�� �	 Z

 )
�@�� �( ��  �6J ,(10  
� &�(��(45/1  �1%5/14  �	6�
�( ��

 %'���'� �6J ,(20%  )	�  $ &K��� !38 4'��m �� )	� 

 ���( 4'��m �� ��861 /(�AS�>TN �� ��	����6�. 

 �( �� &�:6� ���( &�	��6
� ����� ������#	 $ ���@'?$ �%'�E#	

&$�
�� &�	6�
�( %�����<� �� �� ,>TN k��J�  P��� �( $

&
��?���	���
��
D $ &��� &�	  Z
��� c7J .����  ����(

 )	�  r��( ��6���'+ &$�
�� &�	6�
�( &���� ,>TN ���D

 [
 D

O
I:

 1
0.

22
03

4/
22

.6
.1

65
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ce

j.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

8-
10

 ]
 

                             2 / 14

http://dx.doi.org/10.22034/22.6.165
https://mcej.modares.ac.ir/article-16-60555-fa.html


 �+�� 8�-1-        :��1 0��+� �/�.;1 �<�7=#1401 B�/ /6 ور2 ��@4? 7 �7</ (+�ره� 

١٦٧

���$ &�	$�'� ��� �#?� ,(� �1 4���61 %'�E#	 .�� &
�� &�	

44% /�� $ ��  ����� �1�
3+28%  �� &���'( �
��'� 47��

 &:�( 4T
��5%  .��� ����[15].  O�� �� %
� �( �$g�2021 

�����#	 $ &���$� ��'� U�61 =�� 
� ���T��� �( ��#?� ��@��

$ 4��F- �'de1 &$� P6 �(D �$�>�  &$�
�� &�	6�
�( i�6��

x6� &�:6� ���( &�	��6
� ����#� �( �Y(�� $ x6�) ���

4��� =�[�� �1�Y?�G� (&� ,I�
$l $ ��6�'� [16] i6� %
� .

��#?��� �	 S�6N ,( �
 9�����
� ��6�� ,( �I�� S�6N ,( ����61

 ���( &�	��6
� ��6�� ,( 9X�A&��(  �� �7��8 &�	��( O�I���

9��'��
�� &�	 ��� ���� ���D Z
��� .���'�( ���A ���T��� ��6� &�

x6� S�>TN 6�
�( �$�( S�>TN �� , ,I�
$l ���&�(��( &� 

7�� &���'( .����� ��6�'� ���86� S�>TN ,( 4��( ���� %
�

&�'����A  .4�� ���( S�>TN @ �� �� �	6�
�( &�	��6
� ��

6� ���( &��#  ��F� )	�  &$�
�� 6�
�( &���� &�:

�� ��	����6�.  O�� ��2019 1 �7'G5 $ ����
 U�61 @'�ed �'

,5�W ����� &$� /�� �2'( &�	6�
�( ���( &�	��6
� &�

 .4��� ���A ����( ��6� &$�
�� &�	6�
�( �( ,�
�I� �� &�:6�

 �
�	������+ &$� ,�
�I������ ��F�/�� 47�� �B'��:�

 &�	6�
�( ���D Z
��� c7J .4��� S�6N &K��� !38 $ &�
3+

 &�GA 47�� �( /�� �2'(5/0  �(����@( ,( ���W6  �GA 47��)

 �1 �� �
��� 4'��m15% �� )
�@�� 47�� �B'��:� ��F� .�	�

/��( @'� &K��� !38 $ !�A &�
3+ , �`'1�128% �3%  $8% 

����( c7J .4�� ,���
 �67�( S�6N &�	��?�.�� ,����  , 

6�
�( @ �� ,( @ �� ,�N�� 47��  y�� ,( /�� �2'( &�	 /

,>TN  �( �(��( &�:6�17/0  9��'� ����#� �67�( ,( �[�� ����(

�� �7��8 �(��(�6� [17] .1 ��
� /���e $ ��F� &$� ��3��'d

 &�:6� &�	��6
� ���( ����#�,>TN O�M1� )	�  �� �+ ��

��#?� ,( ��6���'+ &�	4�� O�� �� .2021 ��  B
 ��	$*+

 O�M1� �( &�:6� ���( &�	��6
� ����� �(�

�� &��( �
�8 H$�

��#?� ,( ���� �+ ,>TN i�T1�� 
� ��#�A�61 �9X�A &
�� &�	 U

�
��� $ �A��N�'� �8�. �� ����( [2] �� ,  �1�6N ,( . %
�

��#?� ,( ���� �+ ,>TN ���'� )F( O�M1� i6�X�A &
�� &�	 9

 ,>TN %'( O�M1� O6J )	�  �O�M1� i6� %
� �� .4���� O�M1�

��#?� $ ���� �+ &$� )#5 $ ��F� )	�  ,( �[�� 9X�A &�	

��#?� 9X�A &
�� &�	��/�� ���6�W ����( &��( %'�E#	 . -

$� ����� �+ ,>TN �� ���  ���'� &�'� &4  ,�6#�

&��3���( BW6  P�'I� �( �	���
��
DPush Over  S�6N

.4���  O�M1� ���� &��8�!�A ,( &�:6� S�>TN&�:6� &�	 

��6
� &�'����( H���� �� ,  4�� &���6� ��
� 
� ���( $	 &�

�� �� �*
$ ,( &�:6� ���(D=$�I� ��
#	 ,( .���� )I� &
��' %

 4�8���( &�	��6
� 
� ���T���  �(��( 9��'� ��6�� ,( &�:6�

 .4�� ,���� ���A ,861 ��6� ��'�( �
�� %'����� U�61 ��7��8

/�� �:�( �
��� 4�$�I� �,'?$� ��F� ,( ,861 �($ &�
3+ 

&�:6� ���( &�	��6
� ���Y?� t6� &K��� !38 4'��m M� /

%'
D 
� =6� ,���AISC 341 �
�? �.��J &�	��'Y� ,( �� &�

 &�	��6
�4�� ���  ��'+ {�M�5� &�:6� ���( [18, 19] .

 O�� ��2003 %'
D ���
�� ,��� ������  &�:6� &�	FEMA 

450 /#Y?��6��� &�:6� ���( &�	��6
� �.��J &��( �
�	

4�� ��� �����'+ [20] O�� �� .2005 �=$@?  &�	��6
� �.��J

�
�� )F( ,( ��*
$ S�'X@8 �( &�:6� ���(%'
D &�:6� &�	 -

 ,���AISC  ,��-��� [21] . $ ��� =�[�� S�Y?�G� P��� �( �(

%'
D &��7� 6��D ,���2018 ,( ,861 �( ���( S�>TN ����� �

9'F- $ U�6�� ��;: ��  ,��� ,� �� &�;: 47�� 

9'�I1�� &��( ���( )��#  4'��m ��;: S�>TN �� .��6�

) t�$V��) �D �G5 �. ���( 4'��m 
� ���W6  (V�4�� (

�� u� B'��:� )��# ) 4'��m U�6�� S�>TN �� .(�	�

) t�$ ���( )��# V��) �G5 �. ���( 4'��m %'( (V�$ (

) ���( 9'��1 �#�� 4'��mV��� ���A ()��# ) ��'�

��:��';�� u� B' )��#  4'��m @'� 9'F- S�>TN �� .(�	�

) t�$ ���(V��) �D ���( 9'��1 �#�� 4'��m 
� ����@( (V�(

�� u� B'��g+ )��# ) 4��(�	� [22].  U(�$�)3 ( �1)5(

%'
D �� ��� ,X��� U(�$� 6��D ,���2018 [22] &��(  ,7��>�

) &�:6� S�>TN ���( ����#  4'��mτ�� (����	%
� �� .

 P����( 9'F- $ U�6�� ��;: ��$�>� ,� &��(
�� U(�$�

) &�;: 47��λ.4�� ,���� S�6N (  &$� �'5� S�Y?�G� c7J

47�� 
� �Y'�$ ��$�>� �( �$g� ����( S�>TN &�;: &�	

 $� �(9'F- $ U�6�� ��;:) B'�g  &����� ��$�>� ,�

 ������(��  ,( ,861 �( �@'� 9'F-��'�( $ �;:��'�( ��$�>�
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 �;:��'�( S�>TN �� .4��� ���A ����( ��6� $ �����'+

) t�$ ���( )��#  4'��mV���� 4'��m �( ,�
�I� �� (�
�

)V��� y�� @'W�� ��'�( �D () �6�V�� ≤ 0.1V��� .(

|:6N� @'� 9'F-��'�( S�>TN �#� u� )��# gGN� $ �	�|�. �

) ����#  4'��mV��,( ,>TN (
� ����@( ��'�( &�<� S�6N

) �
��� 4'��mV��� s�>? �D () �6�Vcr≫Vu( [23, 24] �(

 �( $ &�;: ���I� &��( ��� =�[�� V
�Y1 P���%'
D P���� ,��

��m 6��D' %'#F1 /(�A &�:6� ���( S�>TN ����#  4�4�� 

���  &�;: 47��λ  &�;: ������+ $β   �(�) U(�$� P��1  $2 (

 V
�Y1��6� [25] .) ,G(�� ��1 ( ������+b  ���W6  �Y( ���6#	

 .4�� ,>TN  

)1(λ=
b

t

)2( β=λ
σy E⁄
- B'��:� )��#  ����� y�� �( ���( 4'��m 

)3( x
EK σy⁄ <λ (x=1.4)τ��=
0.9EK

λ
2

;

- B'��:��'; )��#  ����� y�� �( ���( 4'��m 

)4( x
EK σy⁄  < λ ≤ y
EK σy⁄  (x=1.12 & y=1.4)τcr=
0.65�EKσy

λ
;

-  ����� y�� �( ���( 4'��mB'��g+ )��#  

)5( λ  ≤  y
EK σy⁄ (y=1.12)τ��=0.58σ�;

1e �'d �62.�1~�I� $ �	 �� ,'?$� &�	 $ S�>TN

~�5 )� ����-&�:6� ���( &�	��6
� 9��'� �( �
�� � 
� @'

����	 ,�'�
 %
� �� 4'#	� @X�. S��6-6� �6<�� %'#	 ,( .

�����	$*+� �*
$ �6J ,( 1 &$�e �'d���D �[�� &��Y�� S�Y?�G� =

������ � [26, 27, 28, 29]. �g ���( &�	��6
� 9��'� �( �$

H$� 
� ��
� ��
 &�:6�,( w
�� $ &��M�A� &�	  ��6��

!�A �� �7��8 �(��( 9��'��(���� ����( &�	�&�:6� &�	 &

 .����	 O�� ��2019 �
�? �(�

��!�A &� �( q��� ���( &�	

 ��(���� 9��'�H$� &�'����( �( &�:6�&�	Push Over   $

IDA 4��� S�6N /�� ,( B
�@� ���'� �� [30] %
� Z
��� .

 O�#�� �( q��� ���( !�A &�(��( 4'��m ,  ��� ���� �(�

��

 &�	��(����CBF  $EBF  `'1�1 ,(3/2  $2 �� )
�@�� �(��(

�(�
 [30] .Hg1 &����� �� &�	�����	$*+  )
�@�� k�	 �(

/��9��'� &�
3+&��(���� &�	� ,I�. 
� ���T���:6� &�	 &�

��
� $ $ �
�@� �( &K��� !l�8 �N��� ��6�� ,( &�:6� &�	

O�� �� �V��F� `
�Y�4�� ,���� ���A �(�

�� ��6� �'5� &�	 

[31, 32] �O�� ��
�? �.��J $ /'�>1 �'5� &�	 ����( $ &�

�
�� ��'���
� ����� Z
��� .4�� ,���� &�'�#�W 4���'+ �	

4���'+ %
�VY- ��� ����D `86� �	H$� &�	 %'�'+ &�	

4�� ��� �.��J [33] ����� ���� ,���� S�6N S�I'I>1 .

 $ �.��J �� ����� ��I� �
�� i�T1�� �� �7��8 ��( w

61

���6�W /���''01 w

61 $ ���� �
�� /���''01 w

61	 |g��  � 

%'�
 i6� ,( ,��(�$ �
�� S�MF�� $ �
�?4��'?� %'#	 ,( . /

/���''01 O���  P��� �( �.��J �.��J ,  ��W �� j�G� �	

 �(w

61 $ $�'� O���  P���)'+ &�	%'
D y��,���� &��#

��( �IG�� ,�'#	 ���61 �[34, 35, 36] qG� y�� �( .

/���''01 &�6�1 c7J 4(�d ����#�45�6��
 &�	� 
 �� B

�
�� �F�� ,?@?
 
�[� ���I� %
���'( ,( �D &�2�� =�#1 ,  &�

����( ��'�� �65 /���''01� B7��
�� 
� �14�� &�   ���1 ,

��'�� �65 
�[� �. ,( �D &�2�� 
� &���Y1�� �.[37, 38]�� 

�� ,['��/���''01 &�6�1 �( ,'�1 �( ��615�6��
 &�	�
�� 4 &�

H$� �( ,�
�I� �� ,  ��  �.��J ��%'
D &�����'+ &�	,���	 �

�
�? ����#� ���M� q?�M� 4'��m 
� $ ���( ,���� &���( &�

( , ,�'�( S�6N6� ���T��� �[39, 40].  

( )	$*+ %
� �� ,����� �6<�� k�	 cI>1 �[�� w

61

45�6��
 /���''01  !�A B
 ����� ��
�� ��3 ,I7J-3  ,��	�
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 .4�� ,���� ���A ����( ��6� ��'���
� �G5�'; /'�>1 ��

 ,( ,861 �( f��������
��
D �� �� ��� =�[��D��?�� ��
 $ &


1e( ,( �H$� 4'�(�A �'
1 ����e������+ �'d� &�	n� �d 9��'� �

�;: &�:6� ���( &�	��6
� =$�I�  �(,(�8�
�8 �S�I7J ( �

6��D ��'Y� P��� 2018 4�� ��� ,�5���+ [22] .c7J  �(�

��

����� ���� =�[�� �� 45�6��
 /���''01 V
�Y1 )'+ &�
3+

 Z
��� ����( )F( �� .4�� ,���� ���A �(�

�� ��6� �
��

 &�	���6#� �&
��?��,(�8�
�8  $ 4��F- P��� �( �7��8

���6�W  ��6���'+ &�	 ��#?� ,( &�:6� ���( S�>TN O�M1�

( ̀ ���� �G
��� ,( ��6�( �1 ��� ,X��� , k�	 cI>1 �6<��1 w

6

45�6��
 /���''01  ����� P��� %
� �( .4��
 4�� �
�� ��

 �
�� 45�6��
 ����� V
�Y1 )'+ k�	 �( ����� jgN� $ O��� 

�'1 ,( ���( S�>TN O�M1� O6J �.��J �(6� �	 �6�� $ �	 ��

�� ���A �(�

��.��'� ( /.��� %
� =�#1 , �� 9�
�6�?� S�6N

 /��)1( .4�� ��� ���� ����  
 .'()1 .c'I>1 =�[�� S��W6�� 

Flowchart doing research Fig. 1.

2-  � ����� ����� ��������� �!�����" ������#  

( , $ ����� ,'?$� �(�

�� �6<������� ���T��� �( �&
��?��  
�

=�� ��@��TMABAQUS %�( !�A B
 �� ,��D3  /�� c7J ,I7J

)2 ��� =�[�� ����
 ,EF
��1 @'?��D (!�A .4�� ��� &
��?�� 

3 $ &�Y(  &����3  $ ,��	�3  i�T1�� ,( ,I7J3  �� $ ��6( ���

 �!�A ���'� ,��	� 
� 9��'� ��6�� ,( &�:6� ���( &�	��6
�

 �7��8 �(��(��� ���T��� 4�� [41],'?$� �(�

�� %
� �� .�  �����

&����� O�� P��� �( %�( �G5�';  &���� 4�$�I� �( %�(35 

 �	�61���D ���M� �:6� 9'��1 4�$�I� $ O����+ ���400 

O����+��� 4�� ��� s�>? �$�>� &�@8� &
��?�� �� [41]. 

�6�� $ �	�'1 ��� &
��?�� !�A �� ��#?� i6� 
� �	solid   �( $

) ��Y(� �( /�� w(�� wGI�30×30 Cm (4�� .�	�61���D
 � �(

 �GA12 ��'��	�61���D $ �?6J &�	�61���D ��6�� ,( ���
 �( �

 �GA6 ��'� $ �'1 wJ�I� �� �-�� &�	�61���D ��6�� ,( ���

 &�:6� ���( &�	��6
� ��#?� i6� .4�� ��� ,�������( �6��

=�� �� i6� 
� ��@��shell 4��F- .4�� ��� ,���� �<� �� &�	

 &��( �(�F���,�6� ,( &�:6� ���( &�	��6
���� �<��� &� ,�

 .���'�( ���A �;: S�>TN &����� ��$�>� �� S�>TN �1 ���

,���� S�6N S�Y?�G� ��  O�� ��2019  �� !�A %
� �����

 $ �	�'1 ��'� &�2� |g��  &�:6� S�>TN ��Y(� ,  �G
���

�6��,?@?
 4>1 �	� )�6+ �� �	 ����( ��6� V��F� &�	

�A4�� ,���� �� [41] . ,?�I� %
� ��6 %'�
 �( ��6�M� �
�?

 �G5 qG�DBE �G5 qG�)1 P��� �( :10%  ���
$� O�#�.�

 ��50  4��
�( ��$� O��Y� ,  O��475 4�� O�� [42] �( (

=�� 
� ���T��� ��@��TARSCTHS  �.��J ���+ V'J �( ���
��

EC8 �
�? ,IG�� y�� �( $) :�( &@'5PGA=0.4g ~�5 $ (

 i6�C  .�� ��[
����	�#	  Z
��� �( &
��?�� Z
��� `����

,(��� )	$*+ �� ��	���) /�� �� ,  ��6�24�� ��� ,X��� ( 

[41].  
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 '()2. ��� &
��?�� !�A S�MF��

Fig. 2.  Modeled frame specifications 

) /��3 Z
��� (,'7��'; /'�>1 P��� �( &
�� �G5

 ����
 ,EF
��1)3 %'�
 ��'� 
� �
�?6 %'�
 ��[
� ��6�M� �
�?

 ���(���� !�F���  ,( h6(�� ,�'�'(,(�8�
�8 �� �7�� �$

(4T
��) ,>TN  ,( ,��3� )	$*+ �� ,  �[
��� �( ,?�I� %
� ��

 $ 4�� ��� ,�
�I� ���D 4�������  ,���� S�6N &
��?��

�� S�7d� ��.�
�#� ������
��
D ����>( ,( h6(�� 4'Y-$ %
�1

�� ��	��� $ 4�� ��� ,X��� %
� �� ,  �6� !�A @'� 4?�.

���+ ��� &
��?�� 6�4��.  ,( Z
��� %'( �G5 �N�� 9#
@ ��)

 ,?@?
 4>1 ���7A )	$*+ �( ���D 4��B , A  $C )/��2 

( (x $ ! �V?� , `'1�1%1/3% �5/4  $%4/4 4��( [41]. 
 '()3.  Z
���������
��
D ) /�� �
�� ��'���
� �G5 �'; �����2(

 /��3 ,?@?
 .(x) .C  '()3 8CDC� .(	) .B  /��3 ,?@?
 .(V?�) .A 

Fig. 3. Results of dynamical nonlinear capacitance validation of Fig. 2. 

3- � �������G�41���# ��H1 ���I��4
� �� �H /2�� 
) /�� ���( !�A ����� )F( %
� ��2 &�:6� ���( ��6
� �( (

4��F- �( &�:6� &�	2 �5  $8 ��'���� ) , 9'�I1 c7J�( &�

6��D 2018  ���A �(�

�� ��6� (����� ���A �;: &����� ,���� ��

4�� ,���� [22] . O$�8)1(  S�>TN ����	 S�MF��

�� ���� �� &�:6� ���( &�	��6
� �� ���� �+ &�:6�.�	�  
 .B7�J1 . ����	 S�MF������ �+ &�:6� S�>TN 

Thickness 
(mm)

Width 
(m) 

Length 
(m)

2 4.62.7 1

5 4.6 2.7 2

8 4.6 2.7 3 
Table. 1. Geometric specifications of filler steel 

plates 

M1� O6J �''01 �d� �(�

�� %
� �� &��( &�:6� ,>TN O�

 ��$�>��;: S�>TN  ��� ����(4�� ���( &�	��6
� O�M1� .

��#?� ,( &�:6��6�� $ �	�'1) ��6���'+ &�	 P��� �( (�	

1 $ 4�� ��� ,���� �<� �� ���( ,>TN ��Y(� 
� &�N��e �'d

) O�M1� O6J 47��Connection Length Ratio(  S�>TN

) &�:6�CLR= L1 b⁄  , L2 h⁄�(  (  ,�'�'(,(�8�
�8 �7��

(4T
��) ,>TN �$��  $,(�8�
�8  ���A ����( ��6� S�I7J / 

�� .��'� O6J ����( k�	 )	$*+ %
� �� ,��
� ,( ,861 �(

��#?� ,( &�:6� ���( ��6
� O�M1�e1 ����( $ ��6���'+ &�	d �'

�� i6-6� %
� ����(,X��� 
�  S�'X@8���6�W  ,>TN O�M1�

��#?� �( &�:6� ���( ��6���'+ &�	��� !���8�  .4��61 w



 `'1�1 ,( =�( ,I7J &��( 45�6��
 S�6N ,( ���� $ ���
 ��(1 

 $3/5 w(�� ��� �( %16'�6�'  `'1�1 ,( S�I7J �
�� &��( $  �(��(

 �(5/2  $5/5 w(�� ��� �( %16'�6�'  4�� ��� y�� [41] ����� .

,(6  ,?@?
 4����(��� �d� 4>1 O$� ,�.�� ��  �<� ��6� !�A 
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) /�� .4�� ,���� ���A �(�

�� ��6�4 ( ,�'�'(,(�8�
�8 7�� �

 (4T
��) ,>TN �$��4��F- &��( �
�� i�T1�� �� �� &�	

$ �(�F���  �N��:�M1�S$�T�� S  .4�� ���� ����  �6G(�� �

��#	,�6� �� ��'( )'+ , �6� 4��F- �� �V��F� &�	�( 

��@'� &�:6� ���( &�	��6
� O�M1� O6J )	�   ,�'�'(

,(�8�
�8  (4T
��) ,>TN �$�� �7���� ��'+ )
�@�� �� $  �(

�6�� $ �'1 ,( ,>TN &���1�� O�M1�M1� ,( 47�� ��	 �X@8 O�

 �&�:6� ,>TN,(�8�
�8 |��7�� 45�6��
 �� &�1i�T1��  �
��

�� ��
��6� 

)(
∆max

∆min
)
CLR=0.5

≅2.375 & (
∆max

∆min
)
CLR=1.0

≅1.5 ( . ��

 
� ���T��� 4?�.) ��#  4��F- �( ,>TN2 ��'� 47�� �( (���

 =�#1 ��) V��F� S:�M1�CLR  %
���'( (�	,(�8�
�8  �
��

�� u� O$� ,I7J �� .�	� 4��F- )
�@�� �( S�>TN)5  $8 

��'� �� (���) �1�;: ,>TN ,( 47�� V��F� S:�M1� O6J2

��'�|�7
�I1 (&��� ,(�8�
�8  ��	��� �
�� i�T1�� �� ��5�6��


�� ,�'�'( %'�E#	 .�6�,(�8�
�8  ,( h6(�� S�>TN %
� ��

�� =$� ,I7J$ ���( �
�� /���''01  ��CLR= 7/0 &0/75 

 .����	 B
�@� 9�( ��'�(  
 '()4.  9#
@ �� S��''01 ����(,(�8�
�8 ,>TN /5�� �7�� (4T
��) �
�� i�T1�� �� 

 /��4(!) . /��4(V?�) .

 /��4. (�) /��4(x) .

 /��4($) . /��4 (�)

Fig. 4. Investigation of maximum relative in-plane displacement (drift) changes at the height of the structure 
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1e �7��8 �(��( 9��'� ��F� �( ���( &�:6� ,>TN 4��F- �'d

/�� �� )4(  .4�� ��	��� /(�A)'+ /(�A ,  �6G��#	��6( ��'( 

 &�:6� ���( ��6
� ��F� �( 9'I��� �6J ,( 4��F- )
�@��

1e )	�  ,( �[�� ��F� )
�@�� ,['�� �� $ ��6( ��3� �'d

,(�8�
�8 �� �
�� �
�( �� ,��
� ,( ,861 �( �?$ .�6�

0/7≤CLR≤ 75/0 /��)4 (� $ x.  S�>TN %'(5  $8 ��'� &���

4�� ���  ��'+ �''01 �#  ��$� %
�� �� $� %
� �� 4T� ��61
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Fig. 5. The ratio of the maximum relative in-plane displacement (drift) versus CLR for different stories 
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Fig. 6. Relative in-plane displacement (drift) changes versus CLR for shear plates of different thicknesses

 )
�@�� ,  4�� ��
�( ��� � l @'� %
� 
� )'+ ,  �6G��#	

 �� $ ��F� )
�@�� ,( �[�� &�:6� ���( &�	��6
� 4��F-

 )	�  ,['�� ,�'�'(,(�8�
�8  (4T
��) ,>TN �$�� �7��

�� S�I7J /�� �� .�6�)6( �� ��	��� @'� �� ,  �6�

4��F-) :�( &�	5  $8 ��'� 4��F- ,( 47�� (���2 ��'� ���

 �� &��#  )�8 ,�'�'(,(�8�
�8 4T
��) ,>TN �$�� �7�� (

�� u� ���( &�	��6
� O�M1� O6J �''01 �( V��F� S�I7J� .�	

 ,�'�'( %'( kg�5� �N�� %
���'( ,�
�6J ,(,(�8�
�8  �7��

4��F- �� S�I7J (4T
��) ,>TN �$�� &�	8 �5  $2 ��'� ���

 `'1�1 ,(�$�. ��  �( �(��(25% �50%  $137% 4�� . �[
��� c7J

 �.�6� �� O�M1� O6J )	�  �4�� ��� ,X��� 4#�A %
� �1 , 

�� �*
$ 
� f+ ����� ,['�� �� $ ���  ���'� ,Y�61 &$� ���61

`7� %'#	 ,( .���( ��3��'de1 )��#  �
�( ��( ����>( &�	 r��

1 )	� '0' ��� �
�� /���4�� 4'#	� /
:� ,( ,861 �( .

/���''01 ,( ��'�� $ ����#� &��7� �( �.��J6��
 &�	 45�

 ��� � l )	$*+ %
� 4�F� )F( &����� �� , �� ,��� %
�

 %���
 �( ,�
�6J ,( .���( ��3��'de1 ��'�( ,�'�( �.��J �� ���61

 %
��#  �( $ 45�6��
 /���''01 ,( ��'�� `���� O�M1� O6J

 4��F-�� &�:6� ���( ��6
�� 9	�6�.  ��� �Y� ,���� ��

( S��gJ� ,( ,861 �( �1 4�� , ���D 4��4��F- �� &�	

 ,( ,I7J �	 �� `���� O�M1� O6J !�F��� �( �S�>TN V��F�

) 45�6��
 /���''01Uniform Deformation i�T1�� �� (

��  ��'+ 4�� �
�� P��� �( .D����� ��� =�[�� &����� @'?��

/���''01 &6�?� �( �F��+ ,( ��'�� &�
3+�6��
 &�	 45

 [
 D

O
I:

 1
0.

22
03

4/
22

.6
.1

65
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ce

j.m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

8-
10

 ]
 

                             9 / 14

http://dx.doi.org/10.22034/22.6.165
https://mcej.modares.ac.ir/article-16-60555-fa.html


 '()���*� ��+,� �-./ 0�(1�...�� 2��34/� �� �5�6.(� ���  �
��
 ������ ��� 7 	�� ��� ����

١٧٤

)UD�� ���A ����( ��6� )F( %
� ,���� �� !�A i�T1�� �� ( -

 
� )'+ ,  �[
��� P��� �( 4�� ��� �Y� �6<�� %
� ,( .��'�

 �� ���( &�:6� S�>TN O�M1� O6J �''01 �( �� ����( %
�

 ,( V��F� S�I7J,(�8�
�8 �T1�� �� 45�6��
�?�� !�A i &
�

.�6� �����'+ ����� %
� &��( �7���� &6�?� $ 4��
 4�� ���  

 '()7.  9#
@ �� S��''01,(�8�
�8  �7�� (4T
��)4��F- &��( !�A i�T1�� �� 45�6��
&�:6� ���( S�>TN V��F� &�	 

Fig. 7. Maximum relative uniform displacement (drift) changes in frame height for different thicknesses of steel shear plates 
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Fig. 8. Changes in relative in-plane displacement (drift) versus CLR for the EL-Centro earthquake
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Abstract  
In the present study, the feasibility of ensuring uniform deformations in the lateral bearing system of thin steel 
shear walls has been investigated. For this purpose, using ABAQUSTM finite element software, a 3-story 
concrete frame was modeled and analyzed by the nonlinear time history analysis method. Due to the lower 
weight, speed of execution and consequently the reduction of construction costs in steel shear walls compared 
to reinforced concrete shear walls, they have been significantly developed. In important buildings in North 
America and Japan, this type of lateral bearing system has shown very good behavior against strongly 
earthquakes. Also, due to the good performance of steel shear wall systems, the use of steel shear wall in 
seismic countries during earthquakes in North Ridge, USA, Kobe and Japan has greatly increased. The system 
of steel shear walls is similar in performance to plate girder. In steel shear walls, the columns act like flanges, 
the filler steel plate acts as the web and beam similar to the stiffeners in the plate girder system. In general, the 
performance of steel shear walls is based on the creation of a diagonal tensile field in the steel plate that occurs 
after buckling. In 2003, the Canadian Steel Structures FEMA 450 proposed guidelines for the design of steel 
shear walls. In 2005, the design requirements for steel shear walls with special details were added to the steel 
structures section of the AISC Regulation. According to ASSHTO 2018 regulations, steel plates are divided 
into three behavioral ranges slender, moderate, and stocky according to their thickness. In 2021, during 
research, a new method for evaluating the behavior of steel shear walls with the relationship of part of the plate 
height to the vertical boundary elements was reviewed. In this type of connection, the middle of the filler plate 
was not connected to the vertical boundary elements. In this type of connection, reducing the connection length 
between the filler plate and the vertical elements leads to a reduction in stiffness and bending on the vertical 
boundary elements. In this paper, three different thicknesses were selected in the behavioral range of slender 
plates and how to connect them to the surrounding elements was defined in whole and in partial. In this 
evaluation, the effect of changing the connection length of the steel plate for the range of slender plates is 
investigated. The connection of steel shear walls to the surrounding members (beams and columns) is based 
on the percentage of the shear plate and the connection length ratio of steel plates are examined on the 
maximum relative in-plane displacement (drift) and the displacement of all stories. Uniform distribution of 

live and dead loads for the roof floor 1 and 5.3 (KN
m2� ) respectively and for the other floors equal to 2.5 and

5.5 (KN
m2� ) respectively is assumed. The behavior of the frame in the first stage is evaluated by the record of

the Kobe earthquake. The results showed that in general, reducing the length of the plate connection leads to 
an increase in the maximum relative in-plane displacement (drift) of the stories and it is possible to control the 

ductility of the structure. 0. 6 <CLR <0.8 is the critical area for a sender plate 5 mm. Because due to the early 
buckling and the occurrence of resistance after buckling, the maximum relative in-plane displacement (drift) 

has decreased. Also, 0.6 <CLR <0.75 and CLR≥0 / 75 introduced as critical areas for 2 mm and 8 mm plates, 
respectively. In slender plates with very small thicknesses, the shear strength is very low and can be ignored, 
and the plate enters the post-buckling resistance immediately after loading. For this reason, the results of these 
plates determine the behavior of the structure. By reducing the thickness, the non-uniformity in the maximum 
relative in-plane displacement (drift) of the stories was seen, which was significantly improved by using 
suitable partial connections of the shear steel plate to the surrounding elements 
. 
Keywords: Steel Shear Wall, Slender Steel Plate, Rehabilitation, Nonlinear Time History Analysis 
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