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1- Factor of Safety 
2- Fredlund and Rahardjo 

3- Simon et al 
4- Partheniades 
5- Garcia 
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1- Pollen 
2-Toe 

3- Hanson and Simon 
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1-Instant Response 
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40/1  95/0  90/1  40/3  90/2  20/1  

20/1  50/2  60/1  90/3  50/2  30/1  

90/0  10/3  5/1  40/4  40/2  40/1  
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�,� � � ���� &�" � ! .���$

 +�� <���!��� ���] 
	�����" �! ����	 ���
� &�D �	 �� =a ���W� � ���� O�C��a �� ������ �� f! MC�G +�� �� . 
�

�! +��(� ���
� &�D 
� 
" ������� � <�C�� �" 
� �" &��	 �)C�)C �	� ����f! &,�� 
�)� +�� ��%�� &��	 .���$

 ���� <� �� �)C�)C �	� =���B ,� ���� ������ =�O�! . ���$ � ! ���� �,�	12 �,�	 
� �" ���
� &�D &��	 
0/��

) �� B ��7( ��$ 
)��A!� � .M��  
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 P�>K7: �U�"
 �A�+B� �-ME 
3�C��� ���DE 4�# �� !�� �)��)�  j� ����12  
�I�A(BSTEM)  
�6�! \�3   BD- �AM��

 46�� ���!

(P��A�#)  

 4�� # �kE�>Z

 ��3�A)�a�I

(���  

 �Z� �

 
�+�� B��A�+

(^!�� ���)���DE  

�Z� � 

 
�+�� B��A�+

 ���) ���DE 4�#

(^!��  

 �Z� �

 
�+�� B��A�+

(^!�� ���)�� !  

 �Z� � [E

 
�+�� B��A�+

(^!�� ���)  

<� �,�	  30/16  323/16  0  0017/0  023/0  040/0  

�� �,�	  080/30  447/1  0  024/0  003/0  028/0  


� �,�	  44/60  981/26  0  165/0  023/0  188/0  

  


�)� ,� M�1? +�� �� � ! ���� �)C�)C �	� J�/ �&,��BSTEM  ���$  �� &��/ MC�G �� 
� ������ =�O�! ��

 P� 
������ =���B�! "� .��� O�C��a �=��") kI� 
� ��*9�! =�3� ( 
� �" �� ���
� &�D ������ =�O�! � "�

�! ���U0! y@f!�! . ��	�D 
���, � ��	��� M��	 ��,�	 ��� 
	 �� ���U� +�� =��� 
������ =���B 
	 M)1� ���
� &

.��� M)1�  

  
 [�� 9: ��

 6�A4 �A�+B� �#4 ) �-ME 
3�C��� ���DE(BSTEM  

  

��)��) �!� 4��! �-ME 
3�C��� ���DE 4��>��# 46�A 

�� 


�)� �-	 +�� �� &,�������� ���
� &�D �	� &��	 &�   = � m-3! ,� |D .M��$ ���] ���� 
������ �)C�)C

 ���
� &�� ��D �-	 
	 ���� 
������ ���
� &�D � � Y�� 
� 
" kI� M�1? +�� �� ����
� &�D ������ �� f!

.���$ ���-0�� ���
� �	 � � ���/� j��0� � ���
� �)1� &�� ��D =�O�! �� � � kf0
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��D =�O�! �
��� ���� ,� ���U0�� �	 ���
� &�� (Factor of safety) �,� ���! &��$ ���� 
� M�� ��R 
	 �,c .���

) �
���FS ,� �0$�O	 (1 ) �
��� ���� � ����� &�� ��D 
��3�FS ,� �0�� (1  ������ � &�� ��D�� � 
"� =�3� O��

NB�� �	 .M�� ����� ���
� &��'D) �� B 
	 
8� <� ��" (���
� ,���)� �������	 &�� ��D ,� �" 
���, 
EG�! +�� �� . ��

�!  �C�� ������ M1I� ,� 
� �	��� �� f! � M1I� � ! 
E���	 ���BSTEM �! 
)��A! .���) kI� ��10( 

.M�� � � ���� =�3� ���
� &�� ��D�� � M1I� 
���, ) �� B ��11C �	� ,� ���� &�� ��D�� =�O�! &�"�0!���D ( �)C�)

 ���� ��12 �,�	 
� &�� �	 
0/��  ���
�
������  � ����!=�O� 	��� ��	� C�� � C��0G� M1I� ,� � ��  ���
� � !a

.M��  

 P�>K8 ���� j� �� ��)��) �!� 6� ���3 �-ME 
3�C��� ���DE 4��>��# 4��������# :12  
�I�A(BSTEM)  

�6�! \�3 FS  �M2l f�:-��

(���) BD-  

 mLA 
���6

(
K��) BD-  

 n�I

 � ��

(���)  

 ��Z

 ���) � ��

(]���  

 SMA� ��!

(@-) 4>
)M-  

 SQ mLA O�I

(���)�D
�6��6  

P�� �6�!  40/0  4/1  4/61  01/0  0  041/0  0  

�� �6�!  25/0  3/2  71  01/0  0  024/0  0  


A �6�!  55/0  5/0  55  26/0  6  841/11  0  

  

 
EG�! +�� ��+��03�	  =�O�! �� .M�� ���� L�>0�� ��� 
	 ��� �,�	 �� � � � �C�� #��� Y%G � M1I�

��� 
%�0� �� � 
0��� �� ���
� &�D ������ +��03�	 ��� �,�	 O�� ���
� &�D ������ ���
� &�D �� 
� &�	��, =���

.�� � k��� ���
� �50-�1$ +�� �� �� � � ��%��  

  
 [��10 
���6 ����DE i��
3 :P�� ^L*� �� �-ME 
3�C��� ���DE � ��(BSTEM)  



  

  

  

  

56  -----------------------------------  -" 	��.
/" 0��"�1 2.�3
� 4 �)
�( �56�� �)���7!  �%�58 
9�%: 1398  

 

� ���
! 
	 �"�`D 
!��� ��4 <� �� ���
� M1I� � �50-�1$ M�(�� ����
� &�D ������ =�O�! �� #S�� ��W

 ����12  [���� ��� kG��! ��, �� .��� � �%
� ���
� �	 �	� ���O�� ��W�� ��  � &,�� 
�)� �,�	 
� &���	 
0/��

M�� � � ����.  

  

(\�� 4M���DA)�!V
A �!� 4��! �-ME 
3�C��� ���DE 4�# 46�A 

��  

� �-	 +�� ��4&�� �	 k�� � � &,�� 
�)� �	� ��W  &�0!����!  X�U��� ���W� � 
0��$ ���? ����	 ���! ����� ���
�

�	� �� ���
� &�D ������ � ���
� &�� ��D &�� �	 ���� 
������ =���B 
)��A! vE0-! &�" +�� �� +���	�
	 . ���$

�! ��� &����
�  
��! � ! 
	 � � ���� ��/S*� ���� ����
��! ���� ����� ����
� +�� �� �	� J�/ �Q
�  ��	 .���

 ,� ��� y@f! �� =���B J�/40/0  J�/ 
	 &��/ =���B �� �0!80/0  =�O�! ��  � ���� ���O�� �	S�� �	� �� �0!

�
� &�D � ���
� ����������
� �5�� &��	 .��� ����	 #a [@� ���O�� �� ���� 
������ �� #S�� �	� J�/ O�� �"

��� ,� ���U0�� �	
@	�� � �	�%� &�" O�� ���
� &�D ������ #a [@� ���O�� �	 �,�	 
� �" �� . !a M�� 
	 &�

 � ! �� �	S�� �	� ����W4� ����� 
������ ��� �,�	 �� .M�� 
0��� ���O��NB�� �	 . ���$ ���/� [@� ���O�� 
	 


���
� M!��f! |I(E	 � 
0��� ���O�� O�� ���	 �
� �� ? 
������ #a X�� 
	 
01	 � 
0��� �"�� ���
� &�D � �"

���
� � 
"� k�I3� ���!�! ���U0! �"���
��� �
(� . ��	 �" � ���	�03�	 ������ � �0�� M!��f! O�� ���R �	 &�"

 �,� �� 
Z ,� k]�G j��0� .��	  "��� �0�� ���
� &�D ������ 
%�0� �� � �03�	 ���
� M!��f!  	�� ���O�� ���R

 &,�� 
�)�!) �� B �� �,�	 
� �" &��	 ���
� &�D ������ =�O�9�,�	 �� .M�� � !a ( � ���
� 
(C�@! ���! &�"

�� � � 
0��$ ��� �� MT�UG =� 	 �"��$ ���D }�AC ,� ���
� &�D.M  

 
 [��11: �-ME 
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A �!� �� ���DE 4�# B��A�+ U�"
�(BSTEM)  
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 P�>K9: �U�"
 �A�+���DE 4�# B� ��3� !� 6��  �!V
A  �� j� ����12 ��! 
�I�A4 �-ME 
3�C���(BSTEM) 

  

 �-	 
	 �� ���� 
������ ���
� &�D � � Y�� 
� 
" M�1? +�� �� ����
� &�D ������ �� f! = � m-3! ,� |D

 
EG�! +�� �� .��� ���-0�� ���
� �	 � � ���/� j��0� � ���
� �)1� &�� ��D =�O�! �� ���� kf0
! ���
� &�� ��D

��� M1I� ,� 
� �	��� �� f! �M1I� 
���,�!  �C�� ��� � ! �� ���
� &�� ��D =�O�! � ���BSTEM  
)��A!

�! �� �
��� ���� �	 �� ���
� &�� ��D =�O�! . 
�Factor of safety  �! �
��� ���� 
� M�� ��R 
	 �,c . 
%
�

)FS ,� �0$�O	 (1 ) �
��� ���� � ����� &�� ��D 
��3�FS ,� �0�� (1 � &�� ��D�� � 
"� =�3� O�� ������ &��'D

 .M�� ����� ���
� � & �C�� �	��� ��	 �� f! �M1I� 
���, ��
��� ����  
��! &,�� 
�)� +�� ,� k]�G j��0�

�� M1I� x�/ ) kI�12.M�� � !a �,�	 
� �" &��	 ( ) �� B ��10 �	� ,� ���� &�� ��D�� =�O�! &�"�0!���D (

 ���� <� �� �	S��12 �� ���� 
������ ���
� &�� �	 
0/��  � �,�	 
� �"!=�O� 	��� ��	� C�� �  M1I� ,� � �

C��0G��  ���
�.M�� � !a  

  

 P�>K10: ��������#4 �#�-ME 
3�C��� ���DE 4��>� ��3� !� 6��  �!V
A �� j�  ����12 
�I�A ��DAM�  \��(BSTEM)  
�6�! \�3 FS  �M2l f�:-��

(���) BD-  

 mLA 
���6

(
K��) BD-  

 � �� n�I

(���)  

 � �� ��Z

(]��� ���)  

 SMA� ��!

(@-) 4>
)M-  

 SQ mLA O�I

(���)�D
�6��6  

��� �,�	  37/0  1  63  27/0  1  929/1  0  

��� �,�	  25/0  8/1  2/71  02/0  0  170/0  0  

��� �,�	  33/0  6/0  6/70  10/  11  674/22  0  

^L*� \�3   BD- �AM��

 46�� ���!

(P��A�#)  

 �kE�>Z

 4�� #

 ��3�A) �a�I

(���  

 B��A�+ �Z� �

 
�+�����DE  

(^!�� ���)  

 B��A�+ �Z� �

 ���DE 4�# 
�+��

(^!�� ���)  

 B��A�+ �Z� �

�� ! 
�+��  

(^!�� ���)  

 �Z� � [E

 
�+�� B��A�+

(^!�� ���)  

��� y@f!  850/31  60/20  147/0  175/0  025/0  347/0  

��� y@f!  180/83  672/11  0  121/0  011/0  132/0  

��� y@f!  130/128  788/63  072/0  619/0  038/0  728/0  
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 [��12 :�U�"
 �#4��>� !� �� ���DE� �!V
A �-ME 
3�C���(BSTEM) 

  

�!  ���� �� 
0I� +�� � !a M�� 
	 #S�� �	� �� �,�	 
� �" &��	 
� �
��� ���� �� #a X�U��� ���O�� �	 
�  
�

�! � �D �"�� ���
� &�� ��D =�O�! 
������ ������ . 
�M1I� x�/ � M1I� 
���, �� �E]� k!�/ ���
� &�D 

=�
Z . ��	 �! 
������ ���
�  �� f! 
%�0� �� 
0��� ���O�� 
������ ���	 �
� �� ? 
������ �	� ���O�� �	 
�

 ���O�� O�� ���
� &�D �B��� ��	����! 	�� ���
� ��, = � �C�� ./�	 � ���
� �50-�1$ � M1I� � � �"

 �� 
�������! ��%����� ��EB #�� 
0I� +�� �� � <� �,�	 �� 
�  
Z �" . 
� =�3� �	�� 
	 
� �,�	 +I�C  
�

�!�! ���O�� ���
� �� M1I� 
���, � M1I� x�/ ���
� &�D ������ ���O�� �	 
�  "� �� �E]� k�C� . 	��

���
� &�� ��D�! y@f! k� x�/ � 
���, k�C� 
	 <� � �� y@f! &�"  ��	 �� 
	 <��O� �� � <� y@f! &��	 
�

�! �0!�! �0! ��QZ 
	 <��O� 
� y@f! ���
� &�D � ���
� x�/ 
� �C�G ��  ��	
���, . ��	 �	 
� y@f! 
� &�

 
	 <��O� ���� ��%�� [@�90 �! �0�� �5�� y@f! �� 
���, 
� �C�G �� M�� 
B��
�" . ��	 �� �"�0!���D +�� &

 ���
� M1I� =�O�!�! ��'$ �W� ���1	. 
��	  

  


�
�34�
T  

 �J�fA� +�� ���	  ��* 
	 
������ ��1! ,� �3-	 ��	�Q! ���� 
������ ���
� ������ 
(C�@! 2 "3  �� �0!�E��

 � ! �� . � #�-0�� ���� &�0��� � ���� 
��! 
������ +�	 
E]��BSTEM ���
� &��1D M��
� ���
! 
	 � &�

 #���  �C�� �� f! �	� J�/ o��� �	 ���� 
������ vE0-! �,�	 
� �� ����
� ������ ����
� M1I� ,� ����

 ���� <� �� k�� �	� � �)C�)C12 ���
� &�� ��D�� � ������ �
0/�����
� � � 
)��A! &��1D . � &,�� 
�)� �" 
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 � ! o��� �	BSTEM �,�	 vE0-! &�"����
� ���� ���	 ���0! ���� 
������ &�" 
0��� ������ MG�1! k� .M

�,�	 �� ��� ����
������ 
	 ��� � ��� ���� &�"040 �/028/0  �188/0  ����
� �� 
� �C�G �� .M�� ���	 y	�! �0!

�,�	 �� 
0��� ������ MG�1! k� ���B�� k	�? ��* 
	 �"�Q  ����� 
	 
� 
0��� ���O��347/0 �132/0  �728/0 

 ���� �,�	 &��	 y	�! �0!�! j��0� +�� ,� .M�� � !a M�� 
	 ��� � ��������� =�O�! 
� M��$ 
%�0� +�
Z =��� -

���
� ������ +��03�	 
� M1�C�G �� +�� .M�� ���	 �0�� ��� � ��� �,�	 �� 
	 M)1� ��� �,�	 �� &��'D � &�

�! � �� ��� �,�	 �� ��� � ��� &����
� �� �" �� ���
� &�D��� �	 k� �� .��� �� �� �,�	 
� �" &��	 =�1I� n�

 �	� ���O�� ���] �� �Q
� �
(� . !a M� 	 
0��� ������ MG�1! ���O�� }�AC ,� ���1I� �%��0� ���U0! �	�

�! �	��	  
Z ������ =�O�! #a���
� &�� ��D }�AC ,� .���)�
��� ���� � �"FS 
� ,� �� � �" ���� &����
� �� (

 ���	 <� ,� �0�� �,�	�! �� ��D�� �
��� ���� }�AC ,� ��,�	 ,� �� � �" &��	 . 
��	 ���� ��� � ��� ���� &�"

 ����� 
	 �
���40/0 �25/0 �55/0  �� O�� �	��� ��	 ���O�� ���0G� �
��� ���� �"�� �	 .M�� � !a M�� 
	

�! ���O�� 
������
�)� +�� ,� k]�G 
%�0� . 	��
� M�� �!� +�� &���$ &,�� ���
� =��	 ���� k�C� 
	 vE0-! &�"

. 
01" ����U0! �	��� ��	 � ������ &���� ���U0! ���
� &�D � ���
� ��� =�O�! � ���U0! |
B ,� 
�c  
Z  

  

^!�D�  

) ��1! �0�3G � �A! &��@�? ���A� &O���D1393 

!�� � !��, M�E	�? .(WEPP  �� q�� ������ � #����� <�!�
�� �
�	 ��D ��

 ����� �Y0U" � M>� ���� �=���� �(�)* y	�
! 
E%! �<3� 
��� �(��! u��  
Z4 m] �501- 513.  

) ���	�Q� ��� 
B ���)/ ��E/ �)C�*1395 O�C��a ,� ���U0�� �	 ������ �� �W�! k!��/ & 
	 M��C�� �	 ��)$� X�?� =�!, ��W�� ����	 .(

 � ! M���1GWEPP ���� �=���� �(�)* y	�
! 
E%! �69 m] �125- 140.  

) �E/ ��`� �U%� ����C� )/  
! ��Q	 �+�1G  �� �
�, �+�Q� ��D &���!1393 � ! ������ �	��,�� .(WETSPA  ������ &,�� 
�)� ��

��(�)* y	�
! � &,���3� =�
� � ��E/ 
E%! �=�fC�* O�-	a �� JE(! #��� ��f0�� �  ��� �q�� � #a ��E/18 ����� �69 m] �193- 

203.  

) YT�� =��I0�� � �A! ���, +1G ��)�� �E/ �C��B ��E/ ��`� �E@!1394 � ! &,�� 

�Q	 .(WSM  �	 #��� � ������ ���a�	 ��

���� �Y3� ��� �O�-	a �,�G M��� ! 
!�
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Abstract  
The rivers have been known from the past to this day as the most populous areas of the planet. The expansion of 
urbanization and the increase of human needs have created a balance between rivers and disruptions in the river 
system. One of the most important river hazards is the erosion of the river bank. It causes many economic, social 
and environmental damages every year. The present research is based on fieldwork and modeling of erosion of 
the river Bank. Therefore, it seeks to identify sensitive areas of the Bank erosion and estimate the extent of 
erosion. For this purpose, the NBS index and BSTEM model has been used to identify and estimate the erosion 
of the Kwtar River in Mahabad. A route of 3 km was selected from the Kwtar River. Morphological 
characteristics of five cross sections for NBS index and three intervals for BSTEM model were taken. Rosgen’s 
proposed seven parameters for assessing the near bank stress (NBS) index. In this research, three parameters 
were used for the estimation of bank erosion. Two parameters and the highest efficiency in the identification of 
river bank erosion was cauterized. While the parameter was somewhat contradictory to reality. Then using the 
BSTEM model, simulation of normal and flood flow and its consequences on the Toe Erosion and Bank Stability 
were studied. The BSTEM model evaluates the stability of the edges with the safety factor (FS). The main cause 
of the erosion of the Toe is due to hydraulic currents and the main cause of instability and fracture failure due to 
the geotechnical characteristics and the underlying hydraulic flow along the sides Toe Bank of the Kawtar River. 
As the rate increased, the amount of foot erosion and the fracture failure rate were increased..  
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