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��<�=� 7�)6* �' !�3�� ������, � >��' >����� '����� �#���� ����� �' ����� �?@ �� �A�A#
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 �����&* �'7�1�' �:D�, F� #� ��"6G '�+1 ��	����H � �D I3� �C�'�� �' !��� J��� �����  #� +K�' �� ��
�#�1 �������L MN	DO	DL $�%�' ��D #� ��BD� �'��� !�+6P�' �� ����  ���QG )Kreimer and Carlin,2003 .(
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O	DL !��	� �D��� �QA .BD� �)������H�� B	��� ����' �A�A# S�H� 
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z�?� �� z�  2�� �� >��0G 
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�) ��� ���L�  $!�"�# �� 1395.(  

  
 RH 1 :��+�h� ��B� �,hF� !��PB� ) :E;6�$!��+���%�1398( 

o (,�0 7���]  

a4, Y��	v 6);�� K�, Y�� ��	V�- 
4,	
� �� ��'�C �� $m*�1�'�C D	,��)3	F  v	a4, �
K� �+� �, BD�
 .''�� �=&��' :� B@�6  ���� �+)�� $v	a4, 2��	����� DL �' �o{�	O QG��� ��  ���:� �C; �  
�:A�?� #�

���=��)* ����� �D)�  $2C3� � c�V�1395`V, z�< �	
�$ 1394�'�V)D� ( + � ���@�t� �� j�D ��  #�
:� 2�� !�D�6 ��*	���� �D�6 �� �+  +��D��� B�� .�  
��t� #� >��0G l�"�� �14 �� �) � #� ���'� �����	� 

�'�V)D� �� .BD� �+ 6\	2 :, B��		2 �@�  �� #� 7+� �VA' �)��� ���� � �' .BD� �+ �2 ��� >��0G� :,		2 
�	!�� R�V,� � �t�	!� ����� �T #� $I��G�O %6����� �'�V)D� 7�+6* � ��+a� .BD� �+ �2 a�	c� %6���� !��# �'� 

 ����� I��*�F %6���� I��* '�;� !��# �' �� �G �' .BD� �VK ������!� VA' Y�� l�D ��'�$ �T�O %6����� 
��� 7�+6*� ��2  7'�:� >��0G74/0 BD�.  

 b�=V1: b�=FJ �6F
��
 N.�`  

'�+:,  14 �V�  

7�+6* �%6���� O��T  748/0  
 ��* - E���  572/66  

�'�#L ���'  1  

���'�6:� Z?D  0/0  

���� ���L �`=&� #� !L !'�� ��'�6:� !��#L�x2 Ob = m (n-1) w '�� �'�V)D��k+ � �' �*��"6  !��#L ����L ��+a�
x2 Ob =66.572 ���4� ��+a� ��x2 001 ,1=10.828  �� + �� � x�4A �� ��2 �* J��� !��#L ����L ��+a�  ��+a� #� �,

���4�� ) BD��' 1��	� H1 � ('��' ���H� !��, )�	�" �<� �
K�� �' �* B���	!�6 99 T�� +K�'	� � '� �VK�'�  .
���� #������ DL	O QG��� Y�� !�6*�, �A�A# ����� �' ����  ��� V
)=�� �)��� ��* ��  �* �+ �C� � #��2 Y��  ��
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#������ :� +6P	��� �� + ��� .�2 < Y��� L���+6� *�, ��	O �'�' ��� �����  �� y���� �^�`@ �!L �� 
'���)� ������' � �)@�'�G (�B �;D�4� �� � )��	#� DL	O QG���  ���F �� �K�6� #� 
4, �' �)����*	I �� � �"6�� '�  

���@)� ��6\�� $(	2 *�, ��	O ��2 �t� �� Y���� #��� 4� �'	i D	m)3 ����� 
��N<�	��� �� !��, � BH' ��	�)&� 
#�� ������ DL	O QG��� �A# ����� �' ���� �A ) B@�'�GRashed, 2003) �� '�0� +1� #� Ia� �� $�$ 1389� �' .(�2  �� �A�a�


4, Y�� #� �'�V)D�	I ;,��� �
3
D� 
4, �	I :� +6P	��� DL	O QG��� ��  ���:� �C; � *p, '��� �A�A# ����� �'	+ 
��� BD� �)������H� 
4,	I DL	O QG���  ���:� �C; 8 :�	�� ���)@�D� :�� �	)�  ������� #�:��	�����  7�+� v;< !L

 ���� 2 '�� M�=)����+ � 2)��� �t� �' �� �	!�� op,	� ���F :� #�	����� # � �'�V)D�'����:��	����� :, � �<����		2 
���	B ���F :� #�	����� �� #�� �� �)����*���� 
4, �	I DL	O QG��� �*�� >=� ���:� �C; � �)@�'�G !�"�# ��   �+ 

 B�� .BD�V
,	v :�	���� A�, �	+ ��q v?6� #� ��#���1 �'�V)D� #�� v?6� .BD� �+ � �:D�, EH��� ' ��)��  v?6� �+ 
A��	2  v?6� �' .BD�A��	2$ ����B �F  �' �`6��F �� ����"�  � �VK 
��K�F �	!� ��'� #�� v?6� �' .�$ �	!�� 

����B �F  �' �`6��F  �#�� �' ��+a� �� ����"��F ���)�B ��� l+�) �VK �, (I��*�B �, � (I��*		
�� 9 )�3H� 
1/0  �,9/0 �:,�U ��+��  ��[�T � ��G +�4�)�$ 1393.(  

  
 RH 2: �.D��K� ��-.=F U
��
 D����  

                                                      
1 . Fuzzy Logic 
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.�%-�	5�
 ,�0�]  

���� 
4,	I ����� DL	O QG��� ��  ���:� �C; � 
@�' E��6� #� �A�A# ����� �'� ���@ ��  � �� �'�' �� ���, ��
 �' '���� 
��N<��a?6�  �:A�?� '���:�	���� 7�+� .+  f��=)D�2 :�	�� ��� #������ DL	O QG���  ���:� �C; 

�*�� >=�� � !�&� �� !�"�# �� � .+�'  

 b�=V2: ����
��5 &��.#�� CM�N 8
.�5 �#��� �H�  

�����  CM �� ����� U,� � 5��8K�p� �B���N 8
.�5  �H� �#���  f�F�  

  �qq%���V �J��qq0

�# ��0�� ����  

:�� m*��, �P ��B	 � � + �� �)�* ��  �' 2��   ��� m*���,      ���  Z?�D �' 7'��:)� ���<
#�,�E �+  DL $+ ��	O QG���         m*���, jC���� � k'��� +����@ ��)�* ��A�A# ������ �' �� 

:���)	 �6:� �� ��  �' q��� 
��3@ � 
�V
, ��� ���)&	   .B�D� ��A�A# S�H� l�%6� �� 
 +��� �;:� $+ �� �)&	� �;:� �� i;,�� B	:�� �P�� !�C�� ����4� !��# �'��Dj�   ���'

 !��+	P �#�3�� � �;:� u�� >����� +6�#�	� ��� 2�� .'#�D m���� �� ��)&	� B	:�� ��
 ���  !��
;��� + ������6� k B	:�� >����� $2��'�V)D� �+66*     >������ O���� ��;:� #�

 ���'DL	O QG�� �;:� ��� .''��  

;<	;	!� � �Vt�$�1397  
$!���C�� � ��;6H 1395  

$!���C�� � '�0�+1�1394  

!.�BX�� �V��            !���	� $+� �� ��)�* B;�3� 2��� ��P�� ��* ��;:� u��� ��� �;:� ���+� S�V,�� B;3�
DL	O QG��.BD� �)�* �  

$����� � �����1390  

 k+�qqqqX� OBqqqq�

  ���=qV ����%Q�C

����  

�@�  #� �C� $���C3� +1�� B@�D �' �)�� ��C� ����)@�D ZA�`�   2	�	:, ����   �+�66*
�� M�34� 2C3� B	V	* �� .''�� ���<  !��)@��D $����&* �w*� �' �*    ���C�3� ����

�)@�D �� ZA�`� #� �+      ��	[ ���C�3� ���+�1�� �'� �' M�P � I� � B&@ +6��� l��'
2	� � v	H' i���T '��� 2�� �' �);A� .+���' ���H 2���       $��6��� ����# k'��+�� '���� ��

�A�


)=� ZA�`� B	
��H � B	��[��ML S�� � ��	
H� i���  �� �%)3� ����)@�D U  �� �����
.'��' �a?6�  

$!���C�� � ��G !�D�D1396  
�
A�+;�$� 1380  

�#��J5  �BVB� 5�


���� ���=V ��  

����*�  ���t�#� :��B	     
���V)� m���� ����#��D � ���QG ���     Z?�D B�	��
?� .+6� ��
 �� �)3��� �'��# +1 �, �;:� j���D:��B	  ���QG����*�  ����4� !��# �' ����   .+� ��

 ����#�D l+� $�%�' ��D #�����*�  ����  +���,p&6�   � ���+�� �' �����o �'��1����'  B��
.''�� �;:� '�+3�� O���  

)D��$�1389  
����$� 1383  

 !�9�J$��%Q�C �
 

���� ���=V ��F#� �  

� �	6�� O��=, 7��)1� $+6 �� �,��+��G �;:� ���+� �	6�� �P��   F�� #� ��;:� '�+3��  ��D  �
  � B�D� �)�* $�%�' ��D #� ���L Y��� �o� �' �'�	G !����� !+  �)&* 7��)1�)��'  $��"	

 !��	�DL	O QG�� >��* �;:� ��� .+���  

����� �;*��$� 1387  
$!���C�� � ���+�1387  

$��%Q�C !�=P  �


���� ���=V ��F#� �  

D���� �A�A# ��� � �' �) Q�!��� � !�&� !��� �� +�' � !��)@�D ��� �P �� �* �)�&	 
���� �� ���, �� $+ ��>� �'�D��� � ��	   m�* ZA��`� #� �'�V)D�    B����a� $�)� Q��' l��'

>��* �A�A# ����� �' !��)@�D �)��� O	DL � ���� ���QG>� �� +���� .2� ��� �^�1 '���B	 
�� �* BD� ;3� ��<� V� ���+	 � �' !��)@�D!��� 30 .BD� �+  '��L�� 7�D  

 �a&�� �� mt�
$f�����P1395  

Nagae et al, 2012 

 ����%Q�qqC �J��qq0

���� ���=V  

 �� ����)@�D m*��, �?���DL	O QG��  B�D� m	a)�3� � k      $m*���, >������ ��� ��C6�� ��6:�
 7��)1�DL	O QG�� >����� �	� ��� .+���  

Bono & Gutierrez,2011 

  b�Aqqq � khqqqC

$��%Q�qqqC  5�qqq


 ���=V����  

�� ���� �6� 7�� � Z?D �P>� $+��� ���� K�`@ #���  ��*�G > �'�*�+�	�� $ ���   ���6G �
:��B	 ����6� �+  ����� IC&� ��2� O	DL ���� ���QG>� �� +���.  $!���C�� � '�0�+1�1394  

Tang&Huang,2019  
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 b�=V3� ����� �.& � �
����� r.�0�� : N�CM $�L�� $M 5�.8
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N
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N
�C
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��.& �
��Q 5
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1  3  5  7  9  

 �%���V �J��0

���� �# ��0��  

C1 

 #� �)�*100 ��)C� �' �V�  *          

101  �,200 ��)C� �' �V�    *        

201  �,300 ��)C� �' �V�      *      

301  �,400  �' �V���)C�        *    

 #� �)&	�400 ��)C� �' �V�          *  

!.�BX�� �V��  

 O�90�� !�"�)

$��%Q�C  �# �


(���� t�� 

C2  

 #� �)�*3/0  *          

3/0  �,5/0    *        

5/0  �,7/0      *      

7/0  �,1        *    

 #� �)&	�1          *  

 k+�X� OB�

 ���=V ����%Q�C

���� 

C3  

�6� +H��  *          

��
� B
CD�    *        

�6)� B
CD�      *      

2�L � ��L        *    

M�P � ��L          *  

5�#��J  �BVB� 5�


���� ���=V �� 

C4  

�6� +H��  *          

I�1 $�=���, $� #��L ���t� $�;�Q� $�%6��� $�,��+@ $Ia��    *        

���  
��	�", � 
�3	Dp, $�'�%���� � �����QG $���'� $�):6K        *    

 $���", $���C3��*��)� � ����=� $�����'          *  

$��%Q�C !�9�J  �


���� ���=V ��F#� � 

C5  

�6� +H��  *          

#�D��    *        

���+�%� I��H      *      

�)���        *    

�;��=,          *  

$��%Q�C !�=P  �


� ����� ���=V ��F# 

C6  

�6� +H��  *          

 #� �)�*10 7�D    *        

10  �,20 7�D      *      

20  �,30 7�D        *    

 #� �)&	�30 7�D          *  

 ����%Q�C �J��00  �,160 +K�'  *          
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���� ���=V 

C7  

160  �,240 +K�'    *        

240  �,320 +K�'      *      

320  �,400 +K�'        *    

 #� �)&	�400 +K�'          *  

 b�A � khC

$��%Q�C  5�


���� ���=V 

C8  

0  �,20 +K�'  *          

20  �,40 +K�'    *        

40  �,60 +K�'      *      

60  �,80 +K�'        *    

80  �,100 +K�'          *  

$!��+���%� ��� �)��� :E;6�1398  

����+6 
4,	I �
3
D ;,���� )AHP �� (� �H $U?:6� BD�� ��� �* �'�D �� �`,	m �	�� ��  �'�?�  �*
:�	����� �`,	m �	�� � M�=)�� $'��)�	2 ����6 �� � ����� IC&� �� ��� $'#�D � ���H �'�V)D�'���� �	'�� .�2  Y��
#������ :� +6P	���$  7�D �' �+)��1980 �� D�	�
 �D 7� c���,)��$ G	'��6& '���+ ��'����* !�6*�, �� '+:)�� 

 $BD'��#) BD� �) �' U
)=� l�
� �'1380� .(�2 G #� Y��	\	�+� ���V�� �`,	m �	�� �� I��H ��< ��,�� 
�� $+��* #��� �a�) �VA{� �' ��6,��3 �'�'�� �' (�F !��# D���� �� +�'��� .�2 �D I��  Y�� 
K� l��� (UA� :

A�,	+ �,���j ��a��3 �,�'��$ !#� �;D�4� (M ��� :�	�� �=, (f �	2 ��� �* kBD� v���, B;3�� :,		2  !#�
:�	���� #�� B������ DL	O QG��� ��  ���:� �C; � )� �* �+  7�;�' �A�A# ����� �'	�" ��� $!L� :,		2 �	!�� 
DL	O QG��� ��  ���:� �C; � �'� �� ���, �� .BD� �)������H �'�V)D�'��� �A�A# ����� �'	
� ����� DL	O QG�� 

��  ���:� �C; � �� �� �A�A# ����� �'��C +����B 6\�� � !��4�	2 ��� !#� !�%;=� I6G �t���  ���F  �@�  #�
��� � �' �o��	!�� DL	O QG���  7+� #� �'�V)D� ��Ahp  7�+� .BD� �+  �;D�4�4 �,���j �a���3 �,�'�� 
:�	���� � !�&� ��� .+�'  

  

 b�=V4�
����� �.�0�� �".�,� r.�0�� :  

 $&�

 �.���

�
�����  

$&�  5�


�=	� b����  

R:�>  o�`

$&� �
  
C8  C7  C6  C5  C4  C3  C2  C1  �
�����  

0,32843  3,76435  40320  8  7  6  5  4  3  2  1 C1  
0�23223  2�6618  2520  7  6  5  4  3  2  1  0�5  C2  
0�15853  1�81699  118�8  6  5  4  3  2  1  0�5  0�33  C3  
0�10656  1�22131  4�95  5  4  3  2  1  0�5  0�33  0�25  C4  
0�07126  0�81674  0�198  4  3  2  1  0�5  0�33  0�25  0�2  C5  
0�04765  0�54619  0�00792  3  2  1  0�5  0�33  0�25  0�2  0�16  C6  
0�03249  0�372336  0�0003696  2  1  0�5  0�33  0�25  0�2  0�16  0�14  C7  
0�02286  0�26196  0�000022176  1  0�5  0�33  0�25  0�2  0�16  0�14  0�12  C8  

1 11�46169 42963�95631 S��"� 

 :E;6���)�� ��� $!��+���%�1398  
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�%�.u  v�# �  

�C� �� #��B ��� L���+6 
4,	I ;,��� �
3
D�$ D��� !�C��� ���#�D� 
���H �' ��� l�"�� ��� �+ � :,		2 �T�O 
���	B :�	���� # ��� :�	���� �� .BD� ,��;�� '��% C&, �'	I �,���j �a���3 �'�'�� :�	$���� ���#�D �+aP�  �'


���H ��� ���B )H� |BD� �+ � �* ���	B :�	����  B;3��� �+C��% � '��L��� $'�  %6������ 7��)1��  �'

���H  '��' '��� ���6:�  ���Ai  #�Aj m��  � + �� �,Aj  #�Ak m�� �� _�,+��H $�,�+ Ai  #�Ak m��  ��� k+ �� �,


�� m[� ��� � > �* c�31� � !�4�� $�� ��� +:)��� � �6������ _�;A�[ l'��� �"6D jG .+6)3� �� �� ���+ �B�� 
*� �	!�� %6������� ���'� �� ��� ���!� ��, #� Ia� �� BD'��#) '#�D	$v 1372T�, �� ���, �� .(	
�4 �^���  $�+ 

 �C��6P0,1 CR ≥ )B;3� v���, ($+ �� !�&� �+6�' � ��2 ���#�D �* BD�� 
���H �' l#q ��� ���B  � �+ 
,��K�'� �* 0,1> CR � 
��K !L �' + ��� ���)3� 
���H �' +", ����t�+ ' .''��� ��2  >��0GCR = 0.0252 

'�� '��L����+ *�1 �* BD�� ���#�D �* BD� !L #�� 
���H �' l#q 
�� #� +:� .BD� �)��� 
��K ��	
�  !#�
�'� �'�' 7�+� �'�� !#� !+�L BD' �� � ��� ���)����G #� l�+*��� 8 q ������ ��� �)D��  �
1�� �� j�D
V
,	v q�� �� �� D�	!#� �� ���, �� .m ��� ����� �� BD' )� #� �+�L	�" ;,��� �
3
D 7�+�� �T ���O ���#�D� 

I��H  7�;H�6:�  #� �)�*1/0 cN* B�� +6��  #�Classify ��� �� )�� !'�'	#� q ����  #�Raster Calculator  �'�V)D�
�� '� .  7�C �2  �3 :�	����� DL >"6D	O �QG�� <�;,�� �C; � �*�� >=�� !�"�# .+�' �� !�&� ��  

  
 RH 2N�CM U�FC 5�
����� :$���& 5LJ�� U�# ����0�� �H�  5�.8
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 RH 3N�CM U�FC 5�
����� :$���& 5LJ�� U�# ����0�� �H�  5�.8
  

 

 ����#�� ����DL	O QG�� >��0G 2�� �' �A�A# ����� �' ���:� �C;  �
* �jG �C�L#�  Y�� #� �'�V)D� �� ����	:� !#�
AHP ���H �;D�4�'���  $B���l�+*�� !#� #� l�� i	4� �' ��  �����ArcGIS  �'q��  2�+� � +  7���� �<���� ���

 �&a� O	,�,DL	O QG�� .+  �	�, !�"�# ��  ��*�� >=� ���:� �C;  ��"�L#��� �*  �� ����#�� �����	:�
c�	a� �#�+�� U
)=� ��� �� ��	�  !��)� �C6�� ���� $+�� !L ��  �� #�	� $'��� I�+;, d�)&� c�	a� F� �� ��

 � (Y#��) ��+a� E��, $�?@ c�	a� 7�a)�� E��, �
��#� Y�� 2�+6P �#�� ���t� �� ��N� +���' �#�D'��+��)D�
�� �+��  �t�+�+", 
q��)1�  �;,��� �
3
D I	
4, +6�L�� #� �
K�1 e��)� �#�D'��+��)D� ���� +���,�'�V)D�'��� 

'�	� ���H2�� �� ���, �� . �6��' �#�� v?6� �*  �#�D'��+��)D� ���+)� ���D �� �3��a� �' �� B���� E��, #� �:	D� �
�� �^��� �� 7+� 2�� $+�' �� �� +���, B��;  !���� '��� �' ��H ��	3� Y�� F� �'+� �	[ 
�V	K�, ��	���*  ���

�'�' #� �'�V)D� �' ���3�� ?H�	[ � �;��a, 
��N<� � ��m	�`, ���� �:  #� IK�1 e��)� .+���� �^��� ��	��a;< +6� �
 �+  �#�D �#�� �&a� '+"�DL	O QG���� !�&� !�"�# ��  ��*�� >=� ���:� �C;  �  ���:� I* #� �* +�'

 �a?6��:A�?�'���  B1�3� ��82  $��)C�9,2  ��)C�DL	O QG�� $'��# �
	@ �20,4 ��)C�DL	O QG�� $'��# �25,4 
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Abstract  
Urban passageways, as one of the important physical elements of the city, have a significant role in the 
vulnerability, so that if blocked, they may increase the damage and damage many times before and after the 
earthquake; Issues and disruptions have led to disaster management as an approach to reduce the vulnerability to 
natural hazards, especially earthquakes in cities, so it is important to examine the network because of its close 
relationship with other land uses. The purpose of this study was to analyze the spatial network vulnerability of 
passages to reduce its vulnerability to earthquakes in the central part of Zanjan city. In this regard, the present 
study, using the descriptive-analytical method, using statistical blocks data set of 2016, detailed plan of 2015 and 
referees' views, compiled comprehensive indicators and analyzed for AHP model in ArcGIS environment and 
finally by combining criteria and Fuzzy Logic Generation Layers has analyzed the vulnerability of an urban road 
network to earthquakes. The findings show that the high burnout of the buildings in the passage walls, high 
population density, and a high degree of confinement has made the central part of Zanjan city highly vulnerable 
to possible earthquakes. The total area of the study area was 82 hectares, 9.2 hectares of high vulnerability, 20.4 
hectares of high vulnerability, 25.4 hectares of moderate vulnerability, and 11.5 hectares of low vulnerability, 
and 15.5 hectares of 29 hectares. They are very vulnerable and very vulnerable. Finally, it can be stated that the 
most important factors of the passage network in the central part of Zanjan are: exhaustion of passage wall 
texture, high density of passage-related population, and a high degree of blockage of passages.  
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