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Seismic Design Coefficients of Self-Centering 
Multiple Rocking Walls Subjected to Effect of 
Far and Near-Field Earthquakes 
 
Nowadays, new and innovative methods have been proposed 
based on damage avoidance design (DAD) philosophy systems as 
the alternative conventional lateral load-resistant systems. These 
systems reduce damage to buildings and post-earthquake 
reconstruction costs. The self-centering rocking walls are one of 
them. In this research, multiple rocking wall systems have been 
investigated and designed. The effect of the number of self-
centering blocks and the ratio of tendon prestressing in a 12-story 
structure examined. The structures have examined subjected to 22 
far-field records and 28 near-field records, half of which have 
pulse. The modeling is done in two dimensions via OpenSees 
software. The design coefficients of rocking sections in different 
prestressings for each type of ground motions are specified. The 
results shown that rocking wall structures under near‐field pulse‐
like ground motions need more design capacity than other records 
to control drift and capacity section. Furthermore, The design of 
base-rocking and multiple rocking structures has been done for 
specific drift that have similar drift profiles in height. Then, for 
this case design, it is not possible to expect the desired energy 
absorption and also the reduction of the effects of higher modes 
from the multiple rocking the system compared to the base-
rocking system. 
 
Keywords:   Self-centering system, Rocking wall, Residual 
displacement, Presressing ratio, Higher mode.  
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1- Restoring Force Mechanism 
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2- Energy Dissipation Options 
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16- Maximum Considered Earthquake 
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 g�0� ��E   �����E
. .�+4�� G< 	C�: GW8��

���E!: ���:;<�0 k�� �� �. ���  .�E<� kE� G� G�����

���9 ���E!: iZd0 @?0 ;8� � ��  k�� �� �. ��	�� .

���� �Eb  ��-� G<�.�.  �*� 	��� �.  �E3� G<  G
��

G� �E3D ���8� G
�� G��� ����.- ���E!: ) ��R1(  *���

� �� �a��b 	8C�l �� �.E� �.����� ��� .E0 r���

V_  �
�;C�  �G��� �. �-�
 �1/9 ;8� � ���� ���

	�
�. ��
;<�0 	�
�. � D�d=b ���  �����*����  ���/<

�0 .E�.  �:� I8/t�� ���8� 	9�a �����E!: �� G��:*/X 
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)R2 �� (�a��b 	8C�l �� �.E� �.����� ��� .E0 r���

�0 ���< G��� �. ���� ���8� � �-�
 ����1/9  *��


�0 ��� .E0 	9�a G� 7
.;� � .E��  ��
;<�0 �9�

	�
�. ��  �G��> �
�> D�d=b *����� ����  ��8���;C�
� 

 
G�C� �0 �E=� ��W0 *a �� �  �. �	�� �<x G� K�m .*/<

0 ����8� �. G�
�d0 G� ��8� D�E3�  	8C�l 	�
��

���� 	�
�. ���� gz� � 	C�: �H� �. ����� �� ��  �� ���� 

�H� �V�� ���/<  G�
�d0 *����� 	�
�. ���< � ��


 ..E��p�~2�  �.�8��-  �*-� G>E  kEhE0 I
� G� D�d8d? 

���� ;8� �  	8C�l �� ��	�
�.  j4�B0 ����� �� 
�d0 G�

*�� �*� ]3  �4[.     

   
(N)  (j9�)  

  
(D) (�)  

  

  
(�) 

 @+�10 - ���� @84?  {
���  ���.�E0 ����� a��b�  �*�  V�� ��G��> �
�> ����� .E0 r���  

3-2- ;�-�H +�&��   5�� I,����� ;��   
�J  *�& 5�

�� +���, K������� +��� 

���� �Eb  ib�d0 �*� �.�. ��-� @=\ 	��\ �. G<

���E!: � 	?  j4�B0 ��.�E<���9 ��� �0 ��  */��E 

S���  ���� � G���. ��4�B0 ��������  	8C�l �.�<

���� I
� 	�
�. ��� �0  c
�h 	�
��c  �.) GZ���1(  ��

 G< �.E�� j
�2 G� D�E3 ) GZ���9�0 ( :*���  

c αβγ= )9(  

GZ��� I
� �.�  c
�hc  ���/< G� ]E��0

G��> �
�> b�d0 �=�� ��� �a��b j4�B0 i	�� c
�h �
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α � c
�h �iZd0 �a��b 	0��d0 �� G9;9� kE� �e�β �

�8� �e� ����� �:*8/   �. G
E��e ��B� � j4�B0 ���

 c
�h � ib�d0 �a��bγ  ]E��0G�  GC�h�  ib�d0 	0��d0

 k�� �� �. j4�B0�0 *��� c
�h I882  ���� .α�  �*���

����  ���G
��- ���E!: �8� �. �� :*8/  �� AB-0 �

 � �.�. ���\ j4�B0 ���.�E<� 	?  I
�c
�h�  �� ��Eb

 �2��Z
 � �0 I882   	�
�. ��*d0 G< .E��v<�*a  ��

�a��b ��W0 *a�  c
�h ..E-� ��-8�β  ;8��eJ�0  ��

�8� G9;9� kE� � �:*8/    �9����.	��  �
�;C� ��

�8� �:*8/ � G
E��e ��B� VE� ��.E��  ��` ���<

�0 *��
. I
� c
�h�  �G
E��e 	0��d0 ���< ���=> 	!>

�0 �
�;C� �� G89�� 	0��d0 ��*d0 *�. . �
.�d0` ���� �

G9;9�  ���N-F(Pulse)  G� 	=��N-F(No-Pulse)  �

N-F(No-Pulse)  G� 	=��F-F  ��-8�	�� c
�h .γ 

�8� 7
 �.  �� �a��b j4�B0 ib�d0 �AB-0 �:*8/ 

.�E0 ����� . ib�d0 I
� � �.�. ���\ c
�h I
� �� k�� �� �

�0 	
Ed  *�E�.  I8/t�� 	8C�la��b�  �*�  ib�d0

���E!:  �� ���;C�
� �0 �
�;C� �k�� ��  c
�h .*��
γ  ����

�8� �:*8/   ;8� j4�B0 ��������  �*� .	��  c
��hα 

 �β  �. ��*>4  ��-��.�.  �*� 	��.  c
��hγ  ;8� �.

 @+�11 !: j4�B0 ib�d0 ���� k�� �� �.���E  �� �*��-0

�0 .E�. I
����/�  c
�h �� �.����� ��c  iZd0 ��

���E!:  ����
�� I
� ��12 Gd=b�  �a��b @��\	��  �

���� �Eb @+� �. G< 11  ��-��.�.  �*� �0 	��  ��E 

 c
�h 	�:γ  �. �����E!: ^E4� k�� ��  G� G����� ��

���E!: ^E4� .�*2   ���8	�.  

 ��*>2-  c
��hα � β 

.�E<� FF NF (No-Pulse) NF (Pulse) 

�8� �:*8/  2/0  3/0  4/0  5/0  6/0  2/0  3/0  4/0  5/0  6/0  2/0  3/0  4/0  5/0  6/0  

α  1  1/1  2/1  3/1  4/1  1  08/1  16/1  24/1  32/1  1  08/1  12/1  14/1  16/1  

β 2/0  45/0  1  

  
 (N)NF (No-Pulse)  (j9�)NF (Pulse) 

 
 (�)FF 

 @+�11 -  c
��hγ 	!> ���E!: ib�d0 	
Ed  k�� �� �. ��   

 �.@+�13 �
.�d0  �� ��
;<�0 	�
�. I81��80

���E!: ib�d0 �. c
��h ����� �� �.�����  ����
�� ��

12 �8� ����. Gd=b �:*8/   j4�B0 ���G� 	�.  �*0` 

 .	������ �Eb 	�� AB-0 @+� I
� �. G<�  c
��h
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2 88I  �*� ���� ����  ����. ����8� / 8:*� ��� 

 D����0 ���.�E<� 	? ���9 �� j4�B0�  	8�E4Z0 ����.

 D�d=b 	�
�. ��
;<�0 ���/< �. K�m	�� . �*� �2�

���� �a��b �. 	��  G< .E� I882  ��Eb c
��h ��

.*��� �� G��-0 �=��> 	�
�. @8C���  

N-F (Pulse Like)  N-F (No-Pulse)  F- F   i  
   

2/0  

3/0  

4/0  

  

5/0  

6/0  

 

 @+�12 - G��> �
�> �8� � g9�� ��*� � g9�� �� 7
.;� � ��. ���.�E<� 	?  ���� �=�� ��� �:*8/  j4�B0 ���  
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3-3-L�&� ;��/�B� M��E-� C���D
0��4N ;  

�\ �.���� @:\ 	�  ��
>?�0 	�
�. ���� ��

 AB-0a��b�  �*� 	���� . I8/tG? *� �.�. ��-� 

c
��h I
� ���� I
� ���� �� G� ���.�  I8�B �.�  �*�  �

	�
�. I81��80 �0 ��� 	�
�. �� ���? D�d:b �. ��
>?

*0 �a��b �H�	��� ���� �� �~2� �. �9�  ����� �� ��

	8�E4Z0 c
�h�  *����� 	�
�. ��
>?�0�*��-0  �*� 

	��.  I
����/�����  ���� �H�  E1��E; *����� 	�
�.

�.E:*���� �� �+
 . @a 
�h �
�>C� ���	�
�. 	8�E4Z0 c 

�*�����  ib�d0 �a��b 	0��d0 �
�>C�	��.  I
� �.

 c
�h �	��\ρ�  �a��b 	0��d0 �
�>C� ����Gn���  �*� 

c
�h I
� .	���  ��*; Y��Z03 �8.�!/- �*�  .	��

�. 	0��d0 GC�h� c
�h ���E!= ib�d0  ��G� D�E3  �
�

s_3�  :..�= �0  

c αβγρ= )10(  

 ��*;3-  c
��hρ 

 FF NF (No-Pulse) NF (Pulse) 

ρ 3  2 1 

3-4-  5�� �>�6� ;@�� O��.$ �)  

) 	8�E4Z0 c
�h �� �G/8!� 	9�a ����DC (2 88I 

 �*�  	��\ �.2 -6 �.�����  �*�  �. .	�� @+�13 

 c
�hDC ���� ����  ���12  Gd:b�H�.�E0  ��

�8� ���E!= ^E4� .�*2  � �=*8/  j4�B0 ���  G�kE� 

���9 .�E?�  ���H�.�E0 2 88I  �*�  G/8!� 	9�a .	��

.�E?� 	<  ���FF �NF(No-Pulse) � NF(Pulse)  G�

 c8 �  ����R3 �R3 � R2 �8� ����.  c8 �  G� �=*8/ 

3/0 �5/0  �6/0 	������ G� ���� 	8�E4Z0 c
��h .  

 	<  G/8!���.�E?�� FF �NF(No-Pulse) � 

NF(Pulse)  �� ����� c8 �  G�21 �20  �30  *3�.	��.  

  
 (j9�)NF (Pulse)   (N)NF (No-Pulse)  

  
 (�)FF  

 @+�13 - ���� G/8!� 	8�E4Z0 �4? c
��h ���E!= ���  � j4�B0 ���.�E?� 	<  G��=*/X ���8� / 8=*� ���  yZ� �. D����0BDE 

�.  @+�14	8�E4Z0 c
��h �
.�d0 � dc1� dc2 � 

dc3  G/8!� 	9�a G� ����2 88I  �*�  .	������ �Eb  G?

�
.�d0 	�� AB-0 dc1 � dc2 G� 	:�� dc3 �. ���

 ����? ��*d0	��@3� �. .�  P_�
� I
�P_
��  	��\
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3-2� G��� �. 	0��d0 �
�;C� ���E!: ���  � k�� �� �. ��

��/t8I  �a��bp��=�� �� Y8\.0 	�
�. r��� ��
;<�

	���� P�3�� I
� �� .	�
�. GX  ���� �. �a��b ���

 �1/9 ���< �
.�d0 �*/��� 7
.;� �1
*+
 G� G�
�d0 .�E0

 ���< m�� ���.E0 D��e� ���� V�� �	�� .��/t8I 

�0 �� 	�: ��E  ���8� I
� 	8�E4Z0 ��/t�� �H� 

 *����� 	�
�. ���<@��\ �E=\ 	��. 

  
 @+�14 - n;> 	8�E4Z0 c
��h ����� ��� ���E!:  G��:*/X ��

 G/8!�a��b�  �*�  	? k�E�� ���9 .�E<�  yZ� �. ��BDE  

 @+�15 G�
�d0 � ����� G�  ����  ���B��� ���

���E!: G/8!�  G��:*/X ��G�
�.��  �*� @+� �. .	�� 

15- �j9� G��> �
�> Gd=b ��80 �=��  ��-� ���.�.  �*� 

	��.  @8C��� @+� I
� �.R1  �Rn ����  G/8!�  N�B��� 

 �*��  G��-0�1
*+
 .	��  G� G>E  �� kEhE0 I
��
/G+ 

 �FB-0 	�
�. ���� Y8\. ����a��b�  �*� 	���  ��

���� @
*=   G
�� - ���E!: G��:*/X G� ���  ��H��� �
�;C�

�
.�d0  G� �. ��
 � V�� ���<kE� G9;9�   ��a��b

 @+� Y��Z015- � � � ��� .��. �0 I8/t��  	�: ��E 

 yZ� �.DBE�a��b � �.E� NE4Z0 ��  	�
�. yZ� �

��� .� �� ��W0 *//<.  yZ� �.MCE	�
�. � ����  

a��b�  �*�  .�E<� ����NF (Pulse)  *a ��5/2  *3�.

��� � �.�< �E=� 4Z0 *��E E� .*��� G���. �� �C�< 	8

 	8�E4Z0���� ��� ���E!: ����� 	�
�. ���< �. �� � *

��
 I8/t�� V�� � G9;9� yZ� �.  MCE � �eu0  ��

DBE 	�� ���E!: ib�d0 �E=� @89. G� kEhE0 I
� G<  ��

*a �� MDesign V_  ���< q��� kEhE0 I
� � �.E�  ��

�0 �~�� �. ...�:   

4- �=�30 ����  

���8� ���E!: ��� ;> ����0� ��� ���8�  I
E� ���

���9 ��  ���/< 	!>�`8c O�
�� ���9 ������ 	?   ��

G� D�E3  �.���:.�E0 d? 8Y �0 ���\ ����� �  I
� ..�8:

���8� ��_� �� �:�
� ��  ���G��F?/0 .�C �G4�> �� 

 ���<G��> �
�> �G9;9� �� *2� *����� ���  �.�< ;<�� 

c8�`  V���: �� ��8:E4> � ���E8C �. �� @< �. c8�`

����� �
E2   �E8C ��
O�� m�� ��/8�b� 	84��\� �0 �E  */�

*/��� G���. ;8� �=
�20� */��0  �. V�� � �1/9 �
�;C�

G���  ���E!:  �. V�� � �1/9 ���< �����+��� �� �+
 .��

G���  ���E!: ���8� �� �.����� �� ���E!: ���  G��:*/X ��

	�� .eJ 8� ���8� �� .�E<� k�E�� �� �0  D����0 *��E 

���E!: ���8� ����� G� Y8d?  I
� �. .*��� � � G��:*/X

 ����
��12  Gd=bG�
�.��  �*�  �G8=�  �. ����

K��  .�*?0 ��;>� ��;C�OpenSees G� D�E3 *2��. �

K�W��  �*�  .	�� Y8d?  I
� �4< {
���G� D�E3  �
�	��:  

1 ( ��E
. �a��b 	0��d012 G
�� Gd=b-���E!:  ��

�a��b   �*���G��> r���  	?  ���� .E0 � �
�>

.�E<���� FF  �NF (No-Pulse) ��  ���/< �H�

	�� c��/0 *����� � ��
;<�0 	�
�.�  �9�

 ���.�E<� ����NF (Pulse)  c��/0��� *���. 

2 ( ��E
. �a��b 	0��d012 ���E!: Gd=b  ��

�� G��:*/X �a��b r���G� G>E  �� G��>  � �
�>

.�E<� 	?  ���� .E0��� FF �NF (No-Pulse) 

� NF (Pulse) �� . ���/< �H� � ��
;<�0 	�
�

 *�����c��/0 	�8��  �
�;C� G� G>E  �� �9�

G��> �
�> V_  ���< �. ��  �-�
 � ���� ���

.	�� �eu0 ��8�� ���8� �.  



�.
 �

*�
?0

 
��


.
�>

��
� �

 G
�-

X
  

33    

 

�
��

��
 

	

�

��

� 

�
��

 
�

���
��

 �
��

 
 

 �
��

��
 ��

��
� 

��
�

1
 �

���
�� 

 �
 �

�!
� �

14
00

 

D
B

E
  

  
  

  
  

  

M
C

E
 

  
  

  
  

 
(j

9�)
  

(N
)

  
(�

)
  

(D
)

  

 @
+�

15 - 
 S

��
� �


.
�d

0 
�

��
��

V
_

  �
 

��
��

 �
.

 
G/

8!
� �

��
 

��
�E!

: 
�

 
G�

�:
*/

X 
�

�
� 

 (j
9�)

��8
0

 �
�


;<
�0

 I
81

G�
�>

 
�


�>
 

 �D
�d

=b
 �

=�
�

 (N
)

 �
�


;<
�0

G�
�>

 
�


�>
 

�
=�

�
 

D
�d

=b
 *

���
�

�
 �

 (�
)

 �
�


 �
�


;<
�0

 I
81

��8
0

�

�*

�.
�W

 
 �

 G
��

� 
�.

)
D( 

 V
�� 

��

;

<�
0 

I
81

��8
0

�

.�

W
 

�*
�

 
G�

�
� 

�.
  



34   Gn�����h
c a��b� ���9 �� .
����E� ��:;<�0� ���E!: �� ��.�E<� 	?  G��:*/X� .;� � ��. ��Ea
7 @�:  

 

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

3 ( ���C� �����E
.12 Gd=b G
�� - ���E!: � �� 

���E!: �� G��:*/X�  .�E<� kE� G� �.�
� �1�����

�� H�� 7
.;� �
 � �.E� @�: �� ��.  � �.E� @�:

��I8/t  .�E<� �.E� g9�� ��*� � g9�� ����.

7
.;� ..��. @�: G�  ��Eb ���8� ���C� G<  ���

G
��- ���E!: 7
.;� ���.�E<� 	?  ��  G� @�:

G� 	=�� ���-8� 	0��d0  ��.  .	�� ��8� @�: ��

���8� �. ���E!: ���  D�2Z\ �. G��:*/X ��

��E!:�  	!> ���-8� 	0��d0 �G
�� �� � m�� ��

.	�� ��8� ���8� �a��b 

4 ( 	0��d0 ��E
.12  Gd=b���E!: */X �� �. G��:

k�� ��� ���E!: ^E4� .�*2  G� G�����  �� .	�8� �.

�0 AB-0 ���  7
 ���8� 	0��d0 ��E   
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