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Khorramabad-Pol-e-Zal freeway is one of the mountainous and high-risk routes 

that need to study the risk of rockfall. Therefore, the present study was conducted 

to investigate and zone the risk of rock fall on the Khorramabad-Zal freeway in 

1400. In this study, fuzzy-gamma and AHP multi-criteria decision-making 

methods were used to prioritize and weigh the criteria. All studied layers and sub-

layers include: land use, distance from faults, average rainfall, distance from 

waterways, distance from roads, slope classes, slope direction, lithology, and 

digital elevation model (DEM) They were weighed using the fuzzy-gamma 

method and ranged from 0 to 1 and Fuzzy layers with gamma value (γ) of 0.95 

were combined and maps of areas prone to rock fall in the study area were 

obtained. Then, using the AHP method, areas at risk of rock fall Khorramabad-

Pol-e-Zal freeway were identified. The results of the AHP method showed that 

the distance from the road with a weight of 0.1633 and the rock material with a 

weight of 0.1621 is the most important principles for measuring the risk of 

rockfall. The results showed that the Hierarchical Analysis (AHP) method 

compared to the fuzzy-gamma method identified areas more prone to rock fall 

risk, which indicates the higher accuracy of this method compared to the fuzzy-

gamma method. 
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�� X@C�  �� ��  � � ��� ]^�� 0#8� �� 0+#�2� 0&@� .���� 0@+@� �#��L �	 ��0: �SI��� <���� �A�� R��Q

�� 0+#�2� '#� �	 .	�� J&!HI ��R��zV ��  �����&� 0: �	�� ����= �	�N%�� ���N� 
�� 0���  �H" ��� 0� 
�i  �:

 �H"j J&!HI �	�� 0+#�2� &� B&!�� 0� BN� ����= ����i  �:j B1�� �� �W#  )��A X:�C� ���� 0� B�� �#� 
��1 

 '&: �!� �#	�2� �� �W# 0:1  �I9 ��� ?#�SI ���)Behera et al., 2019.(  �	�N%�� 0�����/ �#��L �� ��`� '#�:
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 	��DI � �#	��25 �: G^: �� �	 0� �� 0%���= � f#��I  ������� '&: 0�����/  � �Q�" ��1�%� ��&D� 0: 0A�I

0��= �� �S+� 
�I�:  �8&� U+� �: �� ��1  �I9  )��A X:�C�1  .�� 0+#�2�  

 L�'F1�U#�5� ,��I ����F�: �#��5� :  �F�M ,�
)Behera et al., 2019.(  

���VH) ����F�: (�
�N� ,�
  ,�'� ��'5�  

J�� i���� �# uA�� i���� q�@C� �# �I�I  (Extremely Preferred) 9  


�V �@&= B&:�@C� �# u&A�I  (Very Strongly Preferred)  7  


�V B&:�@C� �# B&!�� �# u&A�I  (Strongly Preferred)  5  

J�� �!� �# uA�� �!�q�@C� �!� �# �I �I  (Moderately Preferred)  3  

 �+W# B&:�@C� �# B&!�� �# u&A�I  (Equally Preferred)  1  

M�: ?Q��L '&: R�F&A�I    8  �6  �4  �2  

 �:��: 7	�= �: �H" �� u&A�I �Y#�I�� '#� ?&!WI �	1 �� �	 �@Q� �CV 
�� �Q�" ���!I �'#��:�: .���:

 �H" u&A�I 0� �I��Q �	 .�%+� m# �:��: �A�� 0+#�2� Y#�I��A  �H" �:B �:��:  �:n  �H" u&A�I ����:B  �:

�H"A  �:��:  1 �� .B�� 7�� �� (�S+�  ��) �A�� 0+#�2� Y#�I�� �� 0#8� ��  �� 0S��F� B�A  �S#�2I 
��

�	�� i�%S+� 7�� 0� �:�+� '&���&�) :B�� ?#w 0@��� 0� ?��� 0� ��� �	�N%�� (B�� 
�  

:L�� E'H  �%� �� m# �� �#	�2� �� f!A J� �: �� ��  )��A �	 Y#�I�� '#� .��2 :B�� ����  

 L�'F2:  Y#�:��AHP �I � �F�M<*�O-B* Z�F O���J .�
  

D��-�  �\(� A  �\(� B   �\(�C 

 �H" A 1  2/1  3 

�H"  B 2  1  4/1 

  �H"C 3/1  4  1 

?� f!A        

:E�� E'H  )���� �A�� 0+#�2� Y#�I�� �I �	�� J&+2I 7	�=  �%� f!A 0: �� �A�� 0+#�2� Y#�I�� �	 �H" ��

 �%� �#	�2� f!A) 	�� �1���� Y#�I�� m# �	 ��.(B�� m# )	�D� ���  

:E-* E'H )���� Y#�I�� �� �C� �� �	 �Q�" ('&���&�) b��%� ���2� b��%� �#	�2� '#� � �	�� 0S��F� �� ���

^I&!�  �� �� ) )��A �	 <�� � <�	 <�V 0: a�:�� [#�%� 0� B�� �`� 	��� 
��3.B�� ���� (  

 L�'F3�I) ]B#�-^4� E-* E'H M� D_�0 `#�B/ :<*�.(�
�C* �*-B� O���J  

�
�C* "�^/���  �
�C* Z�F  �\(� C    �\(�B  �\(� A D��-� 

  �H" �S+�  ��A  (X1+z1+s1) ÷ �4  s1 z1 X1   �H"A  

  �H" �S+�  ��B (X2+z2+s2) ÷ �4  s2  z2  X2    �H"B 

�H" �S+�  �� C   (X3+z3+s3) ÷ �4  s3 z3 X3 �H" C 

  N4 N3 N2 N1  �%� �Q�" f!A ��  

1    1 1  1 �8&1���� �Q�" f!A���  
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 ,M�$ aC(� ?��  

 
��*IXC� 0: 
��LG��	 7�� m#  ��" '&1�� 
��: ��F�) b��I ��:1965 (Zadeh  7�� '#� .B�� ��� �L�D�

�� 
��L 0"�!�� 
��*I 0#�/ �: ��  � �	 0� ���:0#M 0: ��	 0#M �� m# �� B&!��  �8&� 
�S� �: �@%^� 
��  ��

�� R��Q ]H^%� �  ������� R��zV p��� �: ) 	�#x/Behera et al., 2019 7�� '#� p��� .(0: ?#�SI R��Q

�	�	 �A��= 0: 
	��� 
��)���� 
��
��L 
���z"  �� 0S��F� �: ��� B�� 
��L 0"�!�� 
��*I p��� �: ���

)Zhang et al., 2017?+W&/ �� m# �� 
��: 
��L �z" �#	�2� �'&s!� .( 0: �L��%�� 0#M �� �	 	�A�� 
�� R��Q

�� m# �I �NQ �� 0%��&/ �#	�2�) ���:Tan et al., 2014.(  �: 
��L XC� 
��*I �	 �� ��	�D� ?Q��L p���

��.#�  �� 
��L 
���z" �@%^� 
���� ��	0:  �� m# ��#�zL B&DV�� �# ?+W&/ �� 
��: .���� '&: {�H=

�� 0%L�� �`� �	 m# �I �NQ ) 	��Najafi et al., 2014)�� �� �	 .(  [/ �
��L XC� 
��*I �� �	�N%�� �: 
���

0#M U&��I 
��: ������L 	�:��� ��@!" 
��L �@%^� 
��
��� 
����@!" ?��� 0� ����	 ���AND  �
��LOR 

 �
��LPRODUCT  �
��L 
�SA SUM  � 
��L 
�SAGAMMA �� 
��L) ���:Ghezelbash et al., 2019 �	 .(


��L ��@!" �� G��./ '#� - ) ����GAMMA) 0C:�� X:�C� 0� (1��  �&: ( )�� 
��: �	��  78#� ?&+��%/ 
���

�	 9� <�= ���	��� ��F�	�:� - :B�� 0%L�����V �	�N%�� 	��� )��  

)1 (  �	
�����
� = (SUM
��L ) � × (PRODUCT
��L )� �  

 ��@!"
��L- ) ����GAMMA?Q�� 
��L ��@!" �� �S&��I �() 
�SA q�PPRODUCT ?Q�� 
��L ��@!" � (

) 
�SA f!ASUM �%����/  � �	 0� B�� (γ �� q�^%�� m# �I �NQ 	��F� �	 (����) 0: .	��
��T ��� �0�γ  (����)

) 
�SA f!A ?Q��  �!� U&��I ����: m#SUM ��� � 	�: ����= (γ ?Q�� 
��+� U&��I ����: �NQ (����) -

) 
�SA q�PPRODUCT 0������ � u&FQ q�^%�� .B�� (γ �� 	�A� 0: �A��= �	 
�#	�2� �(����)  G2� 0� 	���

 )	�DI B1�� 0: �� 0"�!�� ?� � �	�� ?!"  � �	 
��L 
�SA q�P ����� G2� � 
��L 
�SA f!A ��#�8L

�� ) �����Jafari et al, 2020.(   

  

 b�I � `#�B/  

�	5/ �+��� ,�I��A  

�:��� �� ��`��
 �� �� �	�N%�� ��F� � v��&' )�� �	 0: B�� �P��v�� J@+� ��T �:���
 P����� !�&0�  G2�

DI&&' ��� yI �	 
�&&R�� F�&C�� 0:�#�. �#	�� ��I �#� B��� 0��	 
�� � 
�#�N �� v���� � �� �@%^� �:���
 ��

��	�W@!"
 I��N%�� �	 �/��#���
 0��	 ����	 �� )	�D� �	��F� B��+� .104543285 ) f:�� �%�5/104  �%��@&�

�� (f:�� ��#�&L��yA �	��F� m# �	 9� 78#� �� ���� �C=  �8&� '&&DI B�A �@Q� 
����&D� �� �W# .���:

������� �#��HI �� 0� B�� �P��� 
�:��� B��1 
�8  �P��� 
�:��� 0�2� �� ?Q�� [#�%� .����	 �� ���^%�� B&@:�V

0:B�	0#8�I � ����� ?&@FI�	�	  0� 	�	  ���  � 0: a�:�� 
��54/0 
�:��� 
���	 �	��F� B��+� �� % XT��

��W+��� 0s%=�	 ?�A � �� � 
��&0! J���%� �5/85 
�:��� %?�A ��S�� fI��� � �����/ 
�� �96/11 
�:��� %

� fI���&0! ������ ������/
 '&�� � m�= �: 
��#�  �99/1 
�:��� 
���	 %0��=	�� �%+:������ �
� :�&��
  �
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��: ��  ?W�) �%+�2A  )��A �4 .(��: � 
��&:� �
������ �0��=	�� �%+: ���2� 0: ��&%�� '#�%!� � '#�%�&:  � ��

?�A 0: J� ���2� .BL�# {�H%=� ��S�� fI��� � �����/ 
��  

 L�'F4.��5�� M� c# �
 <0�U� � �+��� ,�I��A ��5�� :  

'_�� ,�I��A  

54/0 XT�� 0s%=�	 ����W+�?�A � �� J���%� 0!&� 
�� 

5/85 ?�A ��S�� fI��� � �����/ 
�� 

96/11 '&�� � m�= 
������ ������/ 0!&� fI��� �#�: 
�� 

99/1 ��: � 
��&:� �
������ �0��=	�� �%+:�� 

DUQ M� ��_�$ �
  

?+� ��
 �� 0%��/ �	 r�8:&' %�&0� ��: B���� ��&' �	�: �� �&' ���1 %�&0� �&��
 	���� �	 ���&'  78y1

��#f 0S1 ��
 #m  J� 0: ?+������:.  ��F� �		���  	��DI �0D1�C�14  ?W�) 	��	 	�A� )�DL ?+�3� .( 	�A

���n ?��" ?+�#0 y%� �&� � �	 �?2%+�#	�� �	�I R���� +: 
�&�� ?:�V0: 0A�I �: .B�� 0A�I �#0W +�&� ?+�  
��

�/ a�2� �: ��21�:#��� ��&' ��s!� � ���:&' 0:1	&? +�&�%^� 0��	 �	 � �� �#	�� �%+W� ��	 0#M  � ��

�	�I  ��	�= �� 
��� +� �	 i���!"&� �&!%+� E�W� � ����	 �� �� �#	�� �� %� �	 � 	��&0� q� w�N� 0:  ?=�	

��&' ��: B���2� G��� UA���  0��	��  .	�� ������  0�'&: �� 0@Q�L ?+� n�I �&� '&�� v�V� �	  �  78y1

��WD� 0C:��� 	��	 	�A�0�&%� �	 � �8L� �:#G {�H%=� 7��� 0��	 �?+� �� 0@Q�L �	�	� 0: ���#' D�&��  G���

�� �	�	 	8� �: � 	��#m �	�	 {�H%=� 7��� 0��	 ?+� 0:  ����I 0: ���#[ �8L�#G �� �:�#. ?+� �	��F�  �	 ��

5  ?Q��L ?��� 02ST100 �200 �400 �800  �1600 0%�	 
�%� ��� 
�:  )��A) ���5  ?W� �2B.( 

DUQ M� ��_�$ ��5�� :L�'F.�
  

d#��  (�B�) ��5��  

1  100  

2  200  

3  400  

4  800  

5  1600  

  

�5�� �
 <0�U� � �Q'/��I ��5��  

 f#�V� �	 ����F: b#��� �� �W# ������:<�= �	�A �	��F� �	 �!&@V� v�I 0: 0A�I �: .B�� 9� 78#� 	�:� -?/ �)��

5  )��A �	 R�2ST �� m# �� �Q�	 � B��+� .B�� ��� 0%N� �`� �	 7��: B&DP� 
��: 02ST6  .B�� ��� 0g���

 ?W� �	 8&� 7��: R�2ST 0�2�2C 	�#� ������: ���2� 0: ��&%�� '#�%!� � '#�%�&: .B�� ��� 0g���  ���2� �

.BL�# {�H%=� J� ������:  
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 L�'F6�5�� �
 <0�U� � �Q'/��I "�^/��� ��5�� :  

d#��  ����) ��5��(�B�  <0�U� '_��  

1  99/602-23/531  1/5  

2  78/665 -603  5/5  

3  17/722  -79/665  9/3  

4  96/784 – 18/722 7/4  

5  858- 97/784  5/38  

�
��IJ M� ��_�$�
  

 �	 {�H= '#� �	0���:� 0WS� ��%:����V� �"�NI�� )�� 0�2� �� �	�N%�� �: 	�A�� 
�� (DEM)  b&F� �	GIS 

 .�#	�� ���^%��G^: �	���#  ���&+� � ����� �0D1�C� 	���&U 0��	� ��#	� ������� �
  � B+� �	 �� ��

0%L���:���� 0���:�� �: ��#����# �#' B!+V � l"�: ��#78��
 ��&'  �&+� ��� �	���.���  �� �W# �'#��:�:

0���:� �9� 78#� �C= 	����: �	 J�� 
����&D�  '#��:�: .�%+� �&+� 
��5 0���:� �� 0@Q�L 
��: 02ST  �`� �	 ��

 ?Q��L p��� �: R�2ST '#� .B�� ��� 0%L��50 �100 �1500 �200  �1000 0���:� �� �%� <�= ��F� �	 �� 	�:� -?/ -

#�DI )����� �0���:� �� 0@Q�L R�2ST 0�2� .���  )��A �	 ��7  ?W� �2D  ��2K�� �0�2� '#� XST .B�� ��� 0g���

�� X@DI  � 0: 
�%�&: ��&%�� ���: �%!� 0���:� �� 0@Q�L .	�&�  
 L�'F7�
��IJ M� ��_�$ ��5�� : .�
  

d#��  (�B�) ��5��  

1  50  

2  100  

3  150  

4  200  

5  1000  

���F M� ��_�$  

@� B1�� �	� ���:� 0: ��	�A �� 0@Q�L ?��"1	&? : ��&' yI � 0��	 0��/  	�:&&� � �	&U 0��	 v�V� 0D1�C� �	 ��

B�����
 0��	�
 +: G2�&�� !��� 	��	: .0 �%+��� B@"�� 
fNI�� +�&� �	�A <�= 	�:� -?/ �� ��&D� '#� �)��

 
���	 ��&D� '#� .B�� ��	��=�: �#M�: B&!��5  ?Q��L ?��� 02ST50 �100 �150 �200  �600  0�2� .B�� 
�%�

 )��A �	 �	�A �� 0@Q�L R�2ST8  ?W� �2E  ���: �%!� �	�A �� 0@Q�L ��2K�� 0�2� '#� XST .B�� ��� 0g���

�� X@DI  � 0: 
�%�&: ��&%�� .	�&� 
: L�'F .���F M� ��_�$ ��5��  

d#��  (�B�) ��5��  

1  50  

2  100  

3  150  

4  200  

5  600  



  

  

  

  

147   ----------------------------   !"# $!%& � 
'(�)* �
"% �% +!, -�
& )�� .	 �/& �01�2 -�
& ��$!3����...  

 

g��  

� 	�A�&U 0��	 �	 B��� p��� ��� �	�I 
��  
��� 0%L�� �`� �	 	��� 	�A� .#' 0: ?��"���F: R��Q��  G2�

n�I&��x�� ?���" 	#�� B��� �	��
 �	�I�
 ��I ��#� ���!�#� �"�NI�� )�� �� �	�N%�� �: ��%:� �	 0C:�� '#� �	 .

 ���V�(DEM) ���^%��������� �#��HI �� ��� B��1 
�8 0&�I 0D1�C� 	��� 02C� �	 U&� B�A � U&� 0�2� �

 �	 8&� ����� U&� YZ� .�#	��5  )��A X:�C� 02ST9 ?W� �	 U&� R�2ST 0�2� .B�� ��� '&&DI 2F  0g���

 XST .B�� ����� X@DI  � 0: 
�%�&: 7��� ���: �%�&: U&� ��2K�� 0�2� '#� .	�&�  

  

 L�'F9.g�� ��5�� :  

d#��  (�F��) ��5��  

1  6/15- 0  

2  1/31- 7/15  

3  7/46 – 2/31  

4  2/62 – 8/46  

5  8/77- 3/62  

  

0�� � 
�&���= 
;��� BL�#�	  �8&� �	 �n� X#�T �� U&� R��A  � �%�&: B:�T�  �8&� B��	 v�V� ���!%�� �%�

0��	 �	  ��S^#�� BL�#�	 
�%!� ��� 0� �#����� �� ��&/ B&!�� 9� 78#� ��#�/ �	  R��A 0�2� .��

 ?W� �	 8&� U&�2G  X@DI  � 0: 
�%�&: ��&%�� ���: �%�&: U&� B�A ��2K �� �0�2� '#� XST .B�� ��� 0g���

.BL�� ����=  

  

,@-4-B�4  


;�1�%&1 v�I � v�� #W� +: ?���" ��&�� �no� � J�� � v�V� �	#78 �� q�+F� R�"�NI�� �� 9� .	��  p��� �:

0�2����V� 
�� p�&2� �: ���1:100000 '&��  �����v�� ����� ���D� R�L��%�� � ����  
;�1�%&1E��T� 

��F� 	�:� <�= -?/)�� ������� ��
 :��� <��2��� � ?HN�� 0��� ���� � �9�&� �%+%@ ���!� �9� ?� �: �& � 

0#M  �� �#��?&� ��� �	���� R�� 0: 0� B��� �D%+� � ���#78 �����: 9� YA 0�2� J�/ 02ST .#D �

0��� �8I���� �9� �&� �%+%@  ��� � �: ���!�& � 0#M  
���@&� �IM�:#' X:��� �#78  ��0%��	��� ��� 0��  ��

9� G2� �!� 0: ?HN� 
���� ��#� �2I ?���"#B��� ���� "�NI�� j�C��� �&�U  ?���" � �	�A �� 0@Q�L

@V�&!� B��9� R�2ST . )��A �	 ����� v�� p��� �: ����10  ?W� �	  � 0�2� �2H  XST .B�� ��� 0g���

9� ��2K�� 0�2� '#� .BL�� X@DI  � 0: 
�%�&: 
��&%�� ... � ?&� � ��� ?�� ���: 0%��	 
�%!� B���2� ��  
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