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Fig. 1. Adjacent buildings structural model  
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Fig. 2. Bouc-Wen model for MR damper 
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2. Evolutionary Variable 
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Fig. 3. The control force - velocity hysteresis loops of MR damper 
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                                                                    Fig. 4. Procedure of dynamic analysis 
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1. Abdeddaim 
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Fig. 5. Overall layout of fuzzy system 
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 ���<1. 3��# ;�<: 3��2 3��# �G����� H:���i  
  DISP2 

  NL NM NS ZE PS PM PL 

D
IS

P
1

 

NL ZE VS S M L VL VL 

NM VS S S M L L VL 

NS S S S M M M L 

ZE M M M ZE M M M 

PS L M M M S S S 

PM VL L L M S S VS 

PL VL VL L M S VS ZE 

Table 1. Fuzzy rule base for fuzzy system 

 

      ���<2. 2�G 3��2 ���2� 3�4�:R�� q:[����'�G  

Definition  Linguistic variable  

Negative large  NL  

Negative medium  NM  

Negative small  NS  

Zero  ZE  

Positive small  PS  

Positive medium  PM  

Positive large   PL  

Table 2. Description of fuzzy variables for displacement 

 

       ���<3. A��57 3��2 ���2� 3�4�:R�� q:[��  

Definition  Linguistic variable  

Zero  ZE  

Small  S  

Medium  M  

Large  L  

Very Large  VL  

Table 3. Description of fuzzy variables for voltage 

  

 ��W"
) 3�46  77( 3�7�7 3�4�:R�� �2 ��2�� Z�:l6G �

;�<: �G7�� 7 �5���� FIS  \:��� �2 ��E�� &'�f! h2�� �2

.&� �	
 ���� ���� 

   �&� 6. 2�G 3�7�7 �:R�� 3��2 &'�f! h2�����'�G  

 
Fig. 6. Membership functions of displacement 

  

                                                                                                                                                                                                          

1. Peak Ground Acceleration 

     �&� 7. A��57 �G7�� �:R�� 3��2 &'�f! h2���  

 
 Fig. 7. Membership functions of voltage 
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�5���� ;�<: 3���#� ���2 3��2 �� qE�k� �'��L�  ��:�:2

U��
1 �565� 3�4����� ����� �Ik'��� 6:5��� ��	�'�6#2 

���&� �	
 ��#�$�N. ) W"
 ��8  79��<:4 ���#� (� `'

2�G �2 �G�� �2 �$��:�� ��� �565� &M� �$��:� &!� 7 �'�G

 .&� �	
 ���� ���� ����� H:�I 43��2 �� �:F�� �2�'��� ���P

�R� =�: �$��:� �� 3�4��:O� ��5���� �E:7 D' ����! �2 �<:Q�

 �2 ��2�� �2�'���H'���:2 2�G���'�G  ��'�0 .�2 �U��


 ��'	"' �2 ��� 7� �����2 �>� H:�I 4 7 �S��G ��"��::R�

� �� ���$ �� 4) =7	G �5 ( ���2 ���� �&� �	
 ���� ����

�� ���i&S<� hi�7 �� �	
 �#�O� �2�'��� 3�4��:O� .	��:$ 

(�0��� 3�4 �	�� =���� &5�T �2 �	
 =���� &5�T �� �4

	��<4.  

  

 ���4. �565� ����� Z�:l6GW:EM� �� �	
 ���P�� 3�4 �Ik'��� 3�4

�����  

Earthquake Type Station PGA(g) 

El Centro Far-field El Centro Array #9 0.28 

Kern 
County 

Far-field Taft Lincoln School 0.18 

kobe 
Near-
field 

KJMA 0.83 

Northridge 
Near-
field 

Sylmar - Olive 0.84 

Table 4. Details for earthquake records used for time-history 
analysis 

 

2. Incremental Dynamic Analysis 
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 ���<5.  �2�'��� 3�4��:O��5���� ;�<: ��"E ! 

title  equation  criterion  

Displacement of roof story  
max|�����|

max|� ����|
 !� 

Acceleration of 9th story  
max|�"����|

max|�" ����|
 !# 

Base shear of structure  
max|$����|

max|$ ����|
 !% 

Relative displacement of structure  
max|&����|

max|& ����|
 !' 

Minimum required gap  
max ∆����

max ∆ ����
 !) 

Table 5. The performance criteria as ratio of maximum                
responses of controlled system to that of uncontrolled 
system 
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 �&�8. ��<:4 ���#����� �565� &M� �$��:� `'�����7�:�)-2�G�(�'�G  

  
Fig. 8. Hysteresis behavior of the damper under Kern-County 
earthquake (Force-Displacement) 

 

 �&�9.  ���#���<:4���� �565� &M� �$��:� `'�����7�:�)-(&!�  

 
Fig. 9. Hysteresis behavior of the damper under Kern-County 
earthquake (Force-Velocity) 
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 �&�10.  �2�'��� ��:O� H:���:� �'��L�!� �565� ���j 3��2  

  
Fig. 10. Mean values of performance criteria of !� for four 
earthquakes 

 

 �&�11.  �2�'��� ��:O� H:���:� �'��L�!# �565� ���j 3��2  

  
Fig. 11. Mean values of performance criteria of !# for four 
earthquakes 

 
 �&�12.  �2�'��� ��:O� H:���:� �'��L�!% �565� ���j 3��2  

  
Fig. 12. Mean values of performance criteria of !% for four 
earthquakes 

  �&�13.  �2�'��� ��:O� H:���:� �'��L�!' �565� ���j 3��2  

  
Fig. 13. Mean values of performance criteria of !' for 
four earthquakes 

  

 �&�14.  �2�'��� ��:O� H:���:� �'��L�!) �565� ���j 3��2  

  
Fig. 14. Mean values of performance criteria of !) for four 
earthquakes 
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) 3�415  ��18(2�G ��:�:2 �'��L� �� 7� Z�LSQ �'�G
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0.5g �565� 7� �� ���P�� ���� 3�4

=���� &5�T=���� 7 �	���� 4 .&� �	
 ���� ���� ��	
$ ���

 �	4��� ���� &� ��<���� �2�� �2 3��# =���� ;�<: ���


2�G ����	T �'��L����� Z�LSQ ��� � �'�G �2 �<'�L� �� �� �4

=���� &5�T�565� �� J�K�� H'� �� 	4� �4�� �	�� ���T 3�4

 7 �7��a'7 �2 � ��� �� ������� �LSQ&�.  

 �&�15. H'���:2 2�G� ��:�:2 �� 7���<5� �565� &M� ��� 7� Z�LSQ �'�G

 U��
0.5g  

 
Fig. 15. Distribution of maximum floor displacement, El 
Centro, PGA=0.5g 

  

 �&�16. H'���:2 2�G� �565� &M� ��� 7� Z�LSQ �'�G����� ���  ��

 U��
 ��:�:20.5g  

  
Fig. 16. Distribution of maximum floor displacement, Kern 
County, PGA=0.5g 
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 �&�17. H'���:2 2�G� U��
 ��:�:2 �� �2�� �565� &M� ��� 7� Z�LSQ �'�G

0.5g  

  
Fig. 17. Distribution of maximum floor displacement, Kobe, 
PGA=0.5g 

  �&�18. H'���:2 2�G� �'�G ��:�:2 �� m'�F��� �565� &M� ��� 7� Z�LSQ

 U��
0.5g  

  
  

Fig. 18. Distribution of maximum floor displacement, 
Northridge, PGA=0.5g 
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 �&�19 . ��:�:2 �� 7���<5� �565� &M� �LSQ � ��� ��� �LSQ ��"��::R�

 U��
0.5g 

 
Fig. 19. The roof displacement for the 3-story structure under 
the El Centro earthquake, PGA = 0.5g 
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 �&�20 . ��:�:2 �� �2�� �565� &M� �LSQ � ��� ��� �LSQ ��"��::R�

 U��
0.5g 

 
Fig. 20. The roof displacement for the 3-story structure 
under the Kobe earthquake, PGA = 0.5g 

 
 �&�21 . ��:�:2 �� 7���<5� �565� &M� �LSQ �� ��� ��� �LSQ ��"��::R�

 U��
0.5g 

 
Fig. 21. The roof displacement for the 9-story structure under 
the El Centro earthquake, PGA = 0.5g 

 
 �&�22 . ��:�:2 �� �2�� �565� &M� �LSQ �� ��� ��� �LSQ ��"��::R�

 U��
0.5g 

 
Fig. 22. The roof displacement for the 9-story structure 
under the El Centro earthquake, PGA = 0.5g 

 
 
 

  

 
 
 
 

 �&�23.  ��S�2 	[��2�G�GZ�LSQ �'� �565� &M� 7 �7� ���T 3�4

D'�6� � ��� ���LSQ 

 
Fig. 23. The improvement percentages of   displacements 
for the 3-story structure under far and near-field 
earthquakes 

  

 �&�24. 2�G ��S�2 	[���G�565� &M� Z�LSQ �'� 7 �7� ���T 3�4

�� ��� �� D'�6��LSQ 

 
Fig. 24. The improvement percentages of   displacements for 
the 9-story structure under far and near-field earthquakes 

 

 �&�25. �565� &M� �2�'��� 3�4��:O� ��S�2 	[�� �7� ���T 3�4D'�6� 7 

  
Fig. 25. The improvement percentages of   proposed 
fuzzy system under far and near-field earthquakes 
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Abstract  
Damages caused by the impact of adjacent structures in past major earthquakes have shown the importance of 
structural control systems to reduce the seismic risk of the impact of structures. Connecting energy dissipation 
devices to adjacent buildings is a practical and effective approach to prevent collisions as well as reduce the 
seismic responses of structures, and this issue has been an active research field in recent years. One of the 
semi-active control methods is the use of MR dampers. These dampers use a magnetic fluid that produces 
large damping forces in a piston-cylinder system that can be controlled instantly by changing the applied 
voltage to the damper. The Bouc-wen model has been used to take advantage of the unique properties of MR 
damper as well as to consider its inherent nonlinear behavior. In this study, to evaluate the performance of MR 
dampers using a fuzzy control system, three- and nine-story standard structures under seismic excitation of 
two near-field earthquakes including the Kobe (1995) and Northridge (1994) and two far-field earthquakes 
including the El Centro (1940) and Kern County (1952) with maximum accelerations of 0.1g to 1g are 
investigated.  

The MR damper is connected to the third floor of those two structures and can produce a controlled force 
equivalent to 1000 kN. The fuzzy system is designed based on the displacement of the third floor of two 
structures to reduce the risk of collision of structures as well as reduce seismic responses. the benchmark 
buildings have been modeled in OpenSees and the fuzzy control system was implemented in MATLAB 
software. The displacement responses of the third floor of structures are considered as the input value of the 
fuzzy system and the required voltage of MR damper is considered as the output value of the fuzzy system. In 
addition, triangular membership functions have been used to determine the degree of membership of input 
values. 

 In general, the control system designed under far-field earthquakes has shown better performance in 
reducing the responses of two structures compared to near-field earthquakes. According to the results obtained 
from the dynamical analysis, the fuzzy system used under far-field earthquakes compared to near-field 
earthquakes and based on evaluation criteria of J1 (maximum roof displacement), J2 (maximum roof 
acceleration), J3 (maximum Base shear) and J4 (maximum relative displacement of floors) in three-story 
building 17.35, 4.94, 3.58, 12.17% and in nine-story building 7.93, 7.05, 0.67, 9.13%  showed better 
performance, respectively. Also, according to the evaluation criterion of J5, which is related to the minimum 
required gap between two buildings, the fuzzy system used under far-field earthquakes has shown 9.71% better 
performance than near-field earthquakes. 

 
Keywords: Vibration Control, Semi-active Control, MR Damper, Fuzzy Control Systems, Adjacent Buildings 
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