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Effects of Support Conditions on Dynamic Behaviour and Seismic 

Response of Ghadir Bridge  

 
S. Roushanbin , M.R. Maheri and A Rangbaran 

Department of Civil Engineering, Shiraz University, Shiraz, Iran 

Abstract: There are a number of parameters influencing the dynamic and seismic response of bridges. Of these, two 
important parameters warranting special notice include: the properties of the neoperenes in the state of connection between 
girders and columns and the shear stiffness of underlying soil in the level of bridge substructure’s connectivity to the ground. In  
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this paper, the effects of these two parameters on the dynamic and seismic response of Ghadir Bridge in Isfahan are investigated. 
The main conclusions drawn from these investigations include: the sensitivity of the bridge’s lateral modes of vibration to the 
horizontal shear stiffness of the neoperenes and the substantial effects of the soil’s shear rigidity on the longitudinal modes. 
Based on the findings, it is recommended tha a thorough geotechnical site investigation of the soil be conducted and the 
properties of the underlying soil be accurately established in order to correctly identify the dynamic behaviour of a bridge. 
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!0"��/#�  �= !BH )5�K 

Mn Pd

)��= !0"�� Vs VcD′<��� ^�* 

T.m Ton Ton Ton Ton cm

700 103 381.2 122.6 258.6 150 1

580 103 211.3 122.6 88.7 150 2
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 �7��B �4#�6� ��6�;	 ��t  ��; U��I  !�	 UOL �# .��6�Q

	��  �� F@	�` �n/���6*�E# ��6f �{�	# ! �+6N �6=	�= +

��; �� ��=//�6� R4�  �= R4�  ��:�" ��0H <	�63; �6= 	 �6E�0H
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8	�= g6=	� O	 /#�I�6�	 �6= �60H )5�K !0"�� �7��B  

#�661��; ��66" �66= 	�66�=	 T66Z�  M�066:�?K ��66�;	 � �#�66YH
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K R = K rw + K 1r + K 2r + K w (0.37H w + t f - x) 2 +

( K 1f +K 2f )x 2 )�v(

�664rwK�)�665> 	�66�# 8	�66= )665K�2 )�+66� 1rK)�+66� 

�)�5> 	��# <�0�	�*�" 8	�= )5K�22rK)65K�2 )�+6� 

�8�34 8�E	��# <�0�	�*�" 8	�=wH�)�65> 	��# ^�IH	 ft

;� <�0�	�*�" e�x!6�	 <�06�	�*�" ]4 )�+� R4�  ��:�" 

�= !�	 �=	�= �:

x = (K W / K T ) (0.37H W + t f ) )��(

F16� ��  ���4 [�: U�� !4�` ��" � 	#	 #)m(��650= 

� /�� /#�� �#�Y  )����*	 )�+� �=hK�6=	�= �64 906� )6  

�= !�	:

K h = (K R K T ) / (K T h 2 + K R ) )�{(

#�  F> #�  # O�6= M�6: �6= �6E ���4 <�2 �Y��Z  

)  [���H �= �*	 /�� 	��	 9b	�"�6�# � ��*��6� !5> �Z� <	�H

 )7*�6� �Z6� � )�65> 	�6�# �Z6� <	�63; �6= 	 <��� 8�

<��� !"�b �J* # )7*�� 	��# <	�3; �= 	 ���4 8�E .���;	 �=

 )��= ���  ��" �= � g�	�� G�	ksi n#�6��  F> 8	�= g=	� # 

�= )�+6� !6�	 9��6� �6��4 �6= 9b	�"�6�# ��?H	 O�3E �4 )���` 8	

 �66=	�= #�66��  F66> )��66��*	mTn{m��!66��` # �U	�66�*	 
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�=	�= )�+� ��?H	mT�m��h=���Q ) !�#.

3"6��; 8�E� N�; � 8#6�	�= )6� �q		 �� �� 666 /�

��H6<�H � <�,��� g]�[�*�� ) �7��B  .!6�	 �4� �= UOL

 �4FHWA ��3E	 �0E ��q		 8#��; � )N�; 8����� 8	�= )

!�	 /#	�* .���6  � R��4�6K #�6Y=	 8�637  �6= <�6,��� ��

 �34 ) G00YH 	 ��0�+� G�	 ~�K )��= � ��0,0��L	 .ML#�Y 

�350>�`	� ��f 8	�= R��4�K )N�; )�+� 8	�= <�,��� 8#� 

tK�`	� ��f 8	�= R��4�K 8#��; )�+� �vtKM�7; 	�*

O	:

K t = 2 S G / Ln W/SH21+

K vt  = 2 S E / Ln W/SH21+

�4E�G�~�6K )6��= � ��06,0��L	 ���  S)7*�6� [06� 

�R��4�KW�H�3�,E R��4�K ^�IH	 � )�L�= ��; .

R:?(" +��7 /�� 
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 C*	�1�E �]�[�#�6Y  )�"	 �3" 8	�= 8	 /#�� ��  �q		 # 

/#�I�6�	 )6ZK !K	�31� ~�K # <�"�  )��= ���*	 T�� D�

 #�� ) .M�: �= T�� <#�4 ��  �= #�K M��0�BH # 8�=#

 6,= 8� �6= �0H D0�6�L	 ��)BEF  ( �F60�BH #��6B  <�6��	 

g6��H /�6� �0�H #��B  <���	 � �*�= O	 /#�I��	 �= <Q )10 �3�#

<	�1�E � )*�=]�{ [ )6��= �3�= 8��Y�� 8	�= �4 �*#	# <�5*

 O	 F��6,  T�6� 8�6��*	 <�61  �00�H ���> �)10 �3�# �= !BH

 T�� �*�� ���  8�E�� 	�> �= � /#�= T�� ��f Ep�~�6K 

EsT�� �Z@ �b�*	# )V�,= .

C*	�1�E � 8�=# g��H /�� U�_*	 �4 D0H��� �� 

 F1� #)�(!�	 /� Q .��#�Y  M�6: �= �Y��Z  <Q O	 F:�` 

!�	 ��O:

KH = 0.98 ( Ep / Es ) 0.21 b Es )�z(

�6= !76,* ~�6K # �6�"�b 	�6@ T�6� /��6b 8�=�6= !0"��

 8�=�66= !660"�� ^�66�_  	 8�66��4 	�66�  #�66I3  8��Y�66�
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<	R0  /�� 90,�H �= ��	 # #�I3  8��Y�� 8���,5* ^��_  �=
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 # �#�6I3  8��Y�6� �6�	 /#��6B  )*�����E ��	 # T�� /��b

 D6� C36H !6BH �Z� ^��_  �= !7,* 8���4 �Z� ^��_ 

 # )*�6����E �6�	 # R60* � �634 )  F�BH 	 �= �#�I3  T��

 [7� �4 #�� )  #�_�	 <Q # 8��50= 8��0* �C3H !BH �Z�

 �; C�	R"	 #�6� ) R0* ��Y�� ��	 e.|�6" F6 	�; ^�6�_  #

#�� ) T�� /��b !,5* C�	R"	 � !0"�� CE�4 [7� .

�634 ) |�: R0* )7*�� 8�E�= #�  # ^�N�  G�	 ./	 /	#	

 /��6b !60"�� �76��B  8	�6= �1�� Q 8�*���3�	 !���	 8�=	�H �

���	 �= 	 #�I3  8��Y�� !0"�� ^��_  CE�4 [��N T��

�:�" �6E# ) �q		 �= ���;	 8���	 # ��Y�� �]��[# �64 

F1�)�(!�	 /� Q .���6� #){()�+6� �76��B  �6:�K

 � �E ���4 8	�= /��b !0"�� CE�4 [�	�N R0* � ��Y�� �#�Y 

!�	 /� Q ���S F> 8�E ���>.

W:�#'� ������	��� ����� 

<��E 0��H )�:	 8�E�� 	�> O	 ��� /��	 �4 �*�b 	a6b�

 !60�E	 O	 \�6K #�6  �# �6��> 8	 /O�6� � )10 �3�# ��" �=

�66*	#�K�= 8#�66�O .66�	 O	 )661�666  �# G666:�?K #�6M�0

 )E�b �01H 8�E �Z�	� )10*�1 )�6�*�>��* (#�6  � �6��= )6 

~�K )��= )�+� U�#!�	 .

)10 �63�# M�06:�?K �= )E�b �01H 8�E �Z�	� C�*

 9�  �0,= ���> !�	�O6�4 	� 60= �6E �Z6�	� G�	 66�� G6� /O�

 � ��O6@ /O�6�	# 	�600�H � ��66� # �6�600�H [76� �6�*Q )�+

 #�� ) /O�� ��" .# �6�*�>��* )�+6� �600�H �6= ^�N�  G�	

 #�� ) )��= )�0�BH 8����  .#�6��  ~�6K ��V�# 8�� O	

 K	�31� !Y07f #67* !6��+  8�E !0Y@�  # � /#�68		# ]

�+  M�0:�?K ]� !6�	 .6 ~�6K C34�6*	 �6V�# x�6f O	

 #	# 8��a6>�*�1*	 C6�* /O�6� 8�6�" M�06:�?K # /O�� .

R60* /O�6� )10 �63�# �6�" # ~�K )�+� � ) �* ��	 G�	�=�3=

 !"�b 	�@ )��= #�  .)�6:	 ��6  �= �"�N	 �J3  G�	 8	�=

 /#��66B  # M��66I�  )66��= 8�����66  �66= 8�66V�# 8����66 

 B  ~�K M�0:�?K ���S F> F)U�* ~�K (�� ��"�b �J* # .

M�06:�?K # ~�6K )��= ���  ��	 F> O	 /�� �0�H ��  #

#�� ) �E�� ��*�0�	�*�" R0* � �E ���4.

U�66_*	 O	 F667@�0�BH F66> )10 �663�# M�066:�?K �D66��� 	�> 8�66�

)��6YH	 8�E#�  � )Y07f 8��,*�4�" (M�06:�?K O	 /#�I�6�	 �6=

 O	 )66`	�f # /�66� ��66" �66�*�>��* !0Y66N� �66���)#�66Y=	 �66=

40×30×8 cm 8�66B  )�+66� �66= 15396 T/m)66��= )�+66� �

240 T/m (  ~�6K )6��= ���6  �(Gs = 0.4 ksi) 6= ��6 Q !6�# .

���66� # F66:�` s��66�*)�(!66�	 /�66� /#�Q .�*�664�" G066��	

=�/� Q !�#)0.66 Hz (�6��4 )6�B  8�6E#�  O	 )61� �6= c�=� 

 )  �3�= ���= .0��	 )��f #�  G(L1) �*�64�" 8		#0.68Hz G06��	 �

#�  )N�;(T1) �=	�= ),*�4�" 8		# 1.11Hz !�	.

<�2)�*�4	 �]�n [ �6_0�* G6�	 �6= #�K 8��0��= # 
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��� ������	
����� ������	 �������� �}'� ���

/��C<:. � �� ?(" /��%� X�4� �,��)� �>Y� �	�& Z���F 3��[ V��� � ��'[ \	�� 
��� E��� �� ���

ALX PX A2X A1Y PY A2Y G
ksi 

KEQ 
t/m m.f. KES 

t/m 
m.f. KES 

t/m 
m.f. KES 

t/m 
m.f. KES 

t/m 
m.f. KES 

t/m 
m.f. KES 

t/m 

0.4 4803 0.42 2003 0.39 1882 0.35 1681 0.38 1811 0.38 1811 0.38 1840 
1 9907 0.42 4131 0.39 3880 0.35 3467 0.38 3735 0.38 3735 0.38 3794 

1.7 15065 0.42 6282 0.39 5901 0.35 5273 0.38 5680 0.38 5680 0.38 5770 
3 23597 0.42 9840 0.39 9243 0.35 8259 0.38 8896 0.38 8896 0.38 9038 
5 35327 0.42 14731 0.39 13838 0.35 12365 0.38 13318 0.38 13318 0.38 13530 
7 46084 0.42 19217 0.39 18051 0.35 16129 0.38 17374 0.38 17374 0.38 17650 

10 61084 0.42 25472 0.39 23926 0.35 21379 0.38 23029 0.38 23029 0.38 23395 

/��C]:�� �6>	 /�� ^�% �	 ����'� � �'��� 

#�  ^�* �*���" 

)RH�E(

#���> 

)�0*��(

#�  /��� 

�3�= ���� )N�;(THA)))�B (0.66 1.508 1

)��f(L1) 0.68 1.480 2

)N�;(T1) 0.90 1.111 3

)N�;(T2) 1.08 0.922 4

)N�;(T3) 1.14 0.879 5

)N�;(T4) 1.27 0.786 6

)N�;(T5) 1.40 0.712 7

)N�;(T6) 1.52 0.656 8

)��f(L2) 1.59 0.628 9

)N�;(T7) 1.60 0.626 10

)N�;(T8) 1.70 0.587 11

U�� ���> )��f)(LP3 2.27 0.440 12

� U��2 ���> )��f 9_3>)(LP45 2.33 0.430 13

U�� ���> )N�;(TP3) 2.33 0.429 14

9_3> � U��2 ���> )��f)(LP45 2.34 0.427 15

9�IE � 95� ���> )��fLP67)(2.38 0.421 16

9�IE � 95� ���> )��f)(LP67 2.40 0.416 17

9_3> � U��2 ���> )N�;TP45)(2.47 0.405 18

> � U��2 ���> )N�; 9_3)(TP45 2.49 0.402 19

9�IE � 95� ���> )N�;)TP67(2.65 0.378 20

9�IE � 95� ���> )N�;)TP67(2.67 0.375 21

�3�= ���� )��f( LHA) 2.72 0.368 22

U�� ���> )5k0>)(TorP3 3.38 0.296 23

�3�= ���� )N�;THA) (3.41 0.293 24
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	��  �4 �*�0�Lf)��f l�w�:�` ��	 �*�64�" # �6*�E# 

F> (/�� 9�,0� �= 8���> 8	�= = �	# � �0H��6=	�= [6���H �6f

)m/s (�{v!�	 .	�� Lf . �=	�= ���S F> 8	�=����64 !6�	 

D�#R* �*�4	 8#��350> 	��  �=!�	 .)30�*�4]�z[�*�64�" R0* 

� /#	# g= �*�E# ��f �= 	 F>��#�Y  c�67H	 G6�	 8	�= 	 ��O 

	!�	 /#�4 �q	.

f = 95.4 L 9330.− )�m(

�4LF>  F4 ��f !�	 .=6> 8	�6��S F66O	 ���#�Y  "6|�

"6 �*�4�6= F> ��	 #�6=	�6= �6�f=0.567  Hz  !��=

 ) ��Q .G0= )=�K ���7,* )*	�+�E #�� )  /�E�5  �4 �Z*��E

 = )Y07f �*�4�"���  O	 /� Q !�# � ���S F> #��B  <���	

= 	�� �)30�*�4 �Z=	 O	 /� Q !�# #�K ) 952 �=.

)�+� � ��*�>��* )�+� F �; �# ��	 )��= �= � 	#	 #

9�O	#�> ) ���S F> )10 �3�# M�0:�?K �= ~�K.

9_:�� �������� ����� �� �1.��'`. ��4� �#	 

# �6�*�>��* 8#�6�; � )6�"	 )�+� ��	 )��= 8	�= 

�600�H � �6�*Q O	 )61� G�6�	# �6V* !6=�� �= F> )10 �3�# ��"

 !BH ��  �8�V�# F60�BH !6"�b 	�6@ .8	�6= �6Z=	 G6�	 #

 8#�6�; M��I�  )�+� �� ��*�>��*15396 T/m �30792 T/m 

�46188 T/m)66666��= M��66666I�  )�+66666� �66666� �

720 T/m, 480 T/m, 240 T/m�� ��"�b �J* # .#�� 8���� 

 H /�� !B F60�BH # F6:�` s��6�* � �6�"�b 	�6@ )10 �63�# 

����)n(8���1� �)�v(�)��(!�	 /�� /#�Q .

8�6B  )�+6� C�	R"	 �4 �E# ) <�5* F:�` s���*
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#�� /O�� 8�E�  )�	�H.

99:�� �������� ����� �� a�� ��4� �#	 
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 ~�6K C34�*	 <#�4 ��  8	�= ��� /#	# �0N�H <#�4(/O�6�

#�� /#�I��	 �3" O	 ��*�0�	�*�" R0* � ���4 .

���6  ��6E�3" )�+� �7��B  # ~�K ��t  !0:�?K

 6= FB  ~�K C�� OQ O	 �4 !�	 <Q )��= � ��0,0��L	�!6�#

 ��Q )  .G6�	 #�6� ) ^�N�  G�	 <�� ��,` [7� �4 �k*Q

 F6B  �= )�B  O	 � <Q 8�E ��L # ~�K M�0:�?K �4 !�	

 !�	 �0��  �V�#.M	�600�H G6�	 ��	 )��= 8	�= e0�BH G�	 # 

x�6Y  �64 )6��= ���6  	��  !IE O	 F> )10 �3�# ��" #

 U�* ~�K)F6> p	�6f g��H /#�I��	 #�  !0:�?K(~�6K �

!+� ~�K � g��� !�	�� /#�I��	 .

CE�64 /O�6� #���> ~�K )��= ���  	��  C�	R"	 �=

 �=�� )  .���  # ~�K )�+� ���;	 �= # )���6H F=�@ CE�4

 <Q )6N�; #�6��> # CE�64 )6�4 <	R60  � /O�� )��f #���>

 )6N�; #�  G�"�b 	�@ �= �_3  �4 8�f �= #�� ) /�E�5 

 #�66� )66  �O�66� )�66:	 #�66  <	�663; �66= .s��66�*�66��0�BH#

����)z(F1� �)��(!�	 /� Q.

9<:��6)  �� �	 
��� 

#F0�BH �H �� O	 ���6S F> 8	 /O�� )*�6 O �6k+�

 �� /#�I��	 )ZK .G�	 #F0�BH ��7f l��� �k+��H �� O	 

/#�I��	 ���3,�	 � <�S�*��.�6�Z3  8	�6= p�6f 8�637  l��6�

 �= �=	�= F> d	�`	g�/v!�	 .# R0* )q	�0  <	R0 ���0�BH �=	�= 
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