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Abstract

The analysis of the urban pathway inundation via the rational model is an effective step towards the 
enhanced management of urban transportation and the reduction of loses caused by the infrastructure 
damage. Given the complexity associated with data as well as the information related with the 
pathway inundation, such as topography, hydrology, buildings and so on, the rational spatial method 
can be utilized as a reliable and efficient estimation at urban areas with relatively small basins. The 
present paper adhering to the Digital Elevation-based Model (DEM) and employing data such as 
elevation spots, the intensity-duration curves of precipitation, segmented plans, urban usage, and 
rational model execution determines the surface runoff outlet as well as the dimensions of each 
drainage.  In this regard, our research aims at re-evaluating the proper dimensions and flow of each 
drainage through the comparison of the yielded results with the current status of drainage. The 
results obtained from the implementation and execution of the proposed method demonstrated           
7 percent reduction in the dimension of drainage according to the current status of the region.                                

Keywords: Inundation, runoff, Geographic Information System (GIS), canals, urban streets, collected 
surface water.
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 3 -1 -����� )Rational Method(  

=���,��E���� &�!� ���6�  �� \�	 ��� .?�� =�
�	 \�	 ��R� X�(��	 	��C� �w0��"���J� 9��� �6�!S��: 
 � 	�E+	 F�� ���� ?��A�)E� 9��� 	� X< ����@ ?*�� ���� ?��A 
�+�(	�� F�� =�M 	� X�(��	 G��S� 

[#@�(�.� 9��� �� X�(��	 ��	� ?���
)� BHJ � ��R� ��$�< �	�< a0�#6 ���� =�M 	� �!'�< ��. 	��,�� ��
����.  �,��	 ��� 	� |�� ��� �R��	 �� &���,�� ��1   .?�� �E���� 9��V  

 �R��	)1          (                                                             
 ��� 	� �R��	Q ) |�� ��� 
(C  G��S@ 
��R� ����B �S�" G��S�  
a���<I �+�(	�� F��)   (

 �A  �S�" ?"���� a���<) �� (���
�. ��R� ����@ G��S(C) �0 t�( a!( X�(��	 G��S ���
* �� �<��
��  &�

0 oH%� 
�(���  �	�� =�(�0 �� ��R� ����@ �� UJ �0 ?�� ��	�� X< �� �%H��O( �� �	��   ��a!� .���+

�� �	�@ �!�� eR� 	� �0 ��@ ��$�a�	 �� ���( X�(��	���
 ��T �:���* �!A�6 ?�6:  
D!�� F	��" �@	�
�!�� B��J r�( 
�E�( ?��M	�Q#R��( G��S ��� .�	�� 	��V �+�(	�� F�� � �S�	� G!� 
   ���6�,��	�J  \�	 	�

 =�
�	?�� :���* [��6 �0�!O( �: m�� - ��.�!+ D��6 Xc@
 X- �!�� �� d��(
 |- �����+ &�!�d � �-  � �!HE6
z��6 �� .������$� ��$��(�0 �"��M 	�	��C� 
 �� ����6 G��S ���:  
�!�� eR� B��J r�( � �!�� eR� G!�

� ��$� gM�
� ���	�0 r�( .?�&	�#� =��@ ����C� �1  ��R� ����@ G��S �	�<�� 	� �	�� &���,��	��V  
���(�!+.  

 ��	�� =�(�0 >� B��J ?�6 ?"��� �)!6	�� 	� ����C� G��S�@�)��R� ��C( ��� �6���,��D��,� 
   ��!+
?"��� ��
E� �� �(��  �. �� W���� ��. C
�!!�6 &�

0� C �� �S�" �< ���� D��,�   ���� �R��	 g��M �� �02 

�� �E����.���+  

 �R��	)2                 (                                      C  
 �RC( >� 	� |�� ��� �	�<�� f�. �+��  
���� ���A �S�" ?"����  \	�� �0 ?�� �a���<� [#76 �<	

��  ��� .���� �$(���!� ���#* G!� � ����+�J�6 �0 ?�� �$ oH%���   �!�� �� �,"��� �T �0 �

0 �� �7
�
 X�(��	 �O( �	�� �CR
� 	� .?�� &�� �c�	�O
� �� ?"��� �!!�6  	�0c�
 �%C( ��� �
$J  �S�" ��
�   �.�� ���6

��#( &���,�� .[M�C6 �������6 �� �@�6 �� 9#* ���  W�C( � ����!� 
�.  �CR
� /��" .?�� t�7(� 9��V�S�" 	�   ��.
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���a#. �+�(	�� F�� �w0��" &�'I!. L#* 
�	a� a���<  (?���
)� F�� ��) �	 �S�" �< W�C( t�#6 	� 

�#(  .�.� �� ��%( F�!��76 � �	��< F�E�����S�" ?��� �T �. �0 �
.� �+�(	�� =�#,"� 
��� �,%!� a���< �

���#6 	� ���a#.  eR��"�� �,#0 �S .���+  
 &	�#� =��@1- ) ��R� ����@ G��SC��+�(�+ ��$
!�� � ��$� gM�
� 	� (  

;��
 <.+ �6  �'.�
 =��(�6�> ?6�@ �	.+
��$�a0�� �(�+	��� gM�
�)Z0��6�J	�!�� �(�)�� gM�
� ��300�61000(	�,).	���(95/0 - 7/0

� �(�)�� gM�
� �� �$�a0�� f��M� �(�+	��� gM�
�)Z0��,200�6300(	�,).	���(50/0    �670/0
���") Z0��6
Z0 gM�
� �� ��L�� �(�)�� gM�
�100(	�,). �. 	� ��(30/0    �650/0

) D��,� Z0��6 �� Z. �� >��a( ��L�� �(�)�� gM�
�100�6200(	�,). 	� ��(40/0    �675/0
��L�� ��. �(��5/0 -3/0
�V��,� �(�#6	�J<6/0 -4/0

&�!E�T ��"�� �
T �(�#6	�J<75/0 -6/0
�(�)�� ��. n�$�4/0 -25/0
>E� �,�
� gM�
�8/0 -5/0

�!'
� �,�
� gM�
�9/0 -6/0
�.< &�	 �CR
�4/0 -2/0

�< 	� ��#,��� Z0��6 �� �,�� �,�
� gM�
�50/0    �690/0
�!������ ��.20/0    �635/0

���� �S�	�3/0 -2/0
���!eR�� 
�
� ��$0�� 	� aE� ��.-���" G!�2��	�05/0    �61/0
�!��  D��,� G!� 
�
� ��$0�� 	� aE� ��.-G!�2�67��	�1/0    �615/0
�!��  �
6 G!� 
�
� ��$0�� 	� aE� ��.-�� B!� G!� ��7��	�15/0    �62/0

�!��eR�� 
�!'
� ��$0�� 	� aE� ��.-�" G!���2��	�13/0    �617/0
�!��  D��,� G!�
�!'
� ��$0�� 	� aE� ��.-G!�2�67��	�18/0    �622/0
�!��  �
6 G!� 
�!'
� ��$0�� 	� aE� ��.-�� B!� G!� ��7��	�25/0    �635/0

��	��%0 ��$
!��5/0 -3/0
&�� �	�):'
@ �!��25/0 -05/0

mC�����	<) �(���!� ��.(...� �a:� 
95/0    �698/0
mC�>!����� �� ?����< eR�� ��.9/0    �695/0

�
,� �� ?����< ��$(���!�85/0    �69/0
�!���!�� � �:��� ���� �!T �
� ��.��@< ��.75/0    �685/0

�!���:��� �� �!T �
� ��.25/0    �66/0
�!��t���0�� B��J �� ��.25/0    �66/0

�!���
� B��J �� ��.15/0    �63/0
�!���!�� � aE� ��.�I_�� ��.05/0  �6 1/0

n	�J25/0 -1/0
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 9��" =�
�	 \�	 	� �)
�� �� �@�6 ���S�" 90 ?"��� 	� 
�w0��" \	�� F�� X�S�� �E���� a���< � 
���+

�" G��S t�( �� �E��S �,��+ �O( 	�  
9���6 	�O
� �� �c��S ��� �!
I#. .?�� �	��S F�E���� 	� a���< �
�� ��<	�0 � �A�� 	�!�� 
�(	�� B��J ?�6 �	 ��!�� ?"��� �0 �	a� ��.�$� �:�� ��$��(�0 	� G��S .����

�S�" G��S 	��C��S�"	� 
a���< �   �� ����� G:_� ��$� ��.1,0 �� �,��+ �O( 	�   &	�#� =��@ 	� .���2  G��S
�S�"a���< � .?�� &�� &��� ��%( ?"��� G�"��  

 &	�#� =��@2- �S�" G��S�  
a���<B  
) a���< �S�" ?"���(G��S a���< �S�"

�� �,#051
5  �6101  �687/0  
10  �62587/0   �68/0
25  �6508/0    �676/0

�� �,+	a�5076/0
  
 ���'��Z$� ��.�,��	�J 	�c+�!A�6 � =�
�	 \�	 	�
 �� �+�(	�� F��         �� �+��(	�� F��� �!�!�6 	��O
� ��� .�����

�
�
�  �.F�� �-&	�� �� F�� 
m:,H� \	�� ��.����#( &���,�� ���6   ?��� �,����� �:�� 9��* �� �� �0  9���* .
=��  ?%+��� &	�� �,�%!� �+�(	�� ���� �< 	��C� �T �. �0 ?��    ����
   � ��
#��   �)E�� ��%).� ?�!��y   B��a���

 .?��� �.����
�a. �'�� ��� �� ���   ����@� ��. &P��J B��a�� ���� �< ���<	�0 B.�0 �� �7
� � �,� .���+  g�EM
�!��6   &�� t�7(� ��. 
	�%0 	� ��@�� ��.�	��(�,�� a!( ���	&��. �)E� �"��M ���� G��
� ?%+��� ��$� ��.

 �!�2  �610 � =��  �$:!�� ����25 �6100 ��= &�� �	�<�� ?�� ]23 .[ �+��(	�� F�� �!!�6 	� t�� 9��*
   �����
�� \	��  ���� �0  =�
�	 \�	 	������ �� �S�" a0�#6 �����  a���< �,��+ �O( 	���     a�0�#6 ����� �� 	��O
� .���
 

 F���S�" �RC( ���6	�� �� X< �0 ?�� �(����  � &�!�	 (&�+�:+) a0�#6 �RC( �� a���<&��#. �� X<  	� �0 �(�	��
�� �RC( ���   �	���	�@ ��  ����$� ��$��(�0	� .�
 �	 a0�#6 ���� �����6  [#@ ����������@ � ��	� ��.  ?�� ��

�	�< .) ��	� ����Inlet  time �0 ?�� �(��� F�� ( ����@ ?�� t�b X<��  )�!��� ��	Overland flow(   ��M
�6 ���#(  ���� ��� .���� =�(�0 �!��� ��� � �!� =�#�� 	�M5 ���15 &�+ � �C!V�  �� �,��+ �O( 	� �,%!�  .���  ����
����@Time  of  flow)(      ��� a�0�#6 ��RC( ��� � ��,��� ����@ �kH%� =�(�0 	� X< �0 ?�� �(��� F��    .���	

 �0 �	�� �',�� ����@(��� ��) ?*�� �� ����@ ���� �0 ?�� �$��� �< ��7!,( 	�
   ��� oH�%�   ��0 ����+�  ���
 g��R� ����@ �� =�
�	 \�	)� �Z!C,���!_ 	�M( ����@ ���� [��6(Time of Flow)  ?�� . ?�� �
�� ���� ���

 ���� �!!�6 �0 g!V����� �7!,( 	� � ����@ ?�	� a0�#6
 ��!( �
� �R� � ����< �
�<�� �� &���,��  .���� �.��� 	�
�� ��
�<�� �!
T  ,*�� ���6oH%� ��A 	� �,� >� Lw�)(�!(  � ��#( ��� =�(�0 ���� gEM    =��M ��� ��@�6 �� �<

=�(�0
  �	 ����@ �����	�< ?�� ��)           � �� .( �� &���,��&��< ?�� �� ����@ ����
   �!�!�6 ����@ ���  � &���
) �< /������)!��	�!. D���	 �� &���,�� ��(         �< ��� G���
,� �����@ ����� a�!( � ����@ �����@ ?*���
   �E�����  
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�����+ �
�<�� ��� .�� ����� �7(< �6 �0 ����) �R��	 g��R�3 (   ���V�� 	���C� 	� �O( �	�� a0�#6 ���� �� ����@ ����
��+ ?!Ew6 ���(�.  

fic ttt �� )�R��	3 (                                                  
 	�z�� �R��	  (a0�#6 ����)
    ��	� ����)( � )����@ �����
,�. (.  �c�?%+��� &	�� X�H,(� �� 
 �
�
�

F�� -  F��� X�H,( &��	� a0�#6 ���� ���� 	��V �� ��<
 �w0��" �+�(	�� F��
 �� g��R�  �E���� =�
�	 \�	
��   .���+  

  
 3 -2 -;$� SCS  

\�	 ��� 	�� �!���  �)���< ���,� Fb��� n�� ?y��" ������ D��6(Soil conservation service)  ��$
%!J
�� &���]2[.  	���$��� f��+�	�!.  �
(��)SCS  � (TR-55 
n�� ?y��" ������ D��6 &�� ���	�  ��a!� \	��

 (f��+�,��.) [���6 /��� ����  ?��A W��( ���E�< ?�� �!!�6 9��V 
�S�" eR� 	� 	� . \�	SCS  ��� �E����
?�� �!��J ��$��(�0 	�
 �6 �[!#7 ���#( �$���+�	�!.\	�� � �7(� t�� ��� .��� 9��" �����+�	�!. Z!��6 ��$

&��
  a0�#6 ���� �� ����6 �����&��E( �
,�. 9!�� �< 	� ��:,H� ��.�,��	�J � . =�#*� ��)�� ��� �� &�L* 	��C�
� d��(  ��� �E���� 	� Xb�T�� �'�� ��$!+l��  \�	 ���������
 �c� �	 ���
* ��:" &�  �E,�� �  G��
����� 

 ��$� �!_ � ��$� 
�	a� � >T�0 ��. �S�"&���,�� 9��V ?�� 
=�
�	 \�	 fL��� .	�SCS  F�� � F�� ��
 �O
����Aq� 9���* ���
* �� �+�(	��&�� �!�� �(��� F�� =�M 	� \	�� 	��C� DC� �
 	�  �,��+�O(����� . �c�

�� ���<9��" X< ����@ 	��C� �0 ?�� � ��@ \	�� �� )  �)
�� ���� �� �@�6 \	�� F�� =�M �� � \	�� F��
���(
 9!EV �� �:���* �,��+�O( 	� ��: �S�" 9)� 
�!�� B��J ��	� 
n�� r�( 
G!� � ��$��(�0 r�( � a���<

��@�����+ �!!�6 
. �R��	 �7!,( 	� � ��R� X�(��	 � \	�� �!� �	�@�S�" 	�� �� �	 a���<�� �� ���6F	
�	�R��4 .��#( m���6  

 �R��	)4                   (                                          =               

z�� �R��	 	� 
F &�!�d 	��C�� X�(��	 
S1 &�!�d ?!��y �w0��"� X�(��	 
Q  
��R� X�(��	 ����@ F��P 
XL!� 9!)%6 ?!��y �w0��" )��R� X�(��	 ��( ��.�
��� &�!�d ?!��y � �:���* �0 ?�� ��,��	�J X�(��	

��T: d��( eR� 	� X�(��	 d��(
��cJ \	�� ��_< 	� X�(��	 �!�^6 9���* � X�+�� 
Xb�T
 ���,,�� ��� 	� �	 �,� �
�� &�!��( �!��� B.�0 G��S ���
* ?�6.��� 
�� �� �@�6 ��/��� �) SCS �!. ���J �� �w:w� f��+�	
?��  ���

 �R��	 �� �w0��")5( �� �!!�6  .���  
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 �R��	)5      (                                                   
 	� �0 �<A G�"�� �S�" eR�)  
(Q ��� �0 �S�" 	� X�(��	 r��6	   ���� 	�E+	 \	�� r��6	� �� �%H� �(��6

)��( 
  
(?*��) �w0��" ��� �� ��!�	 �O�� �6 f��+�	�!. ����� ���� r��� �� ����q  �w0��" ���
)( �
,�. .�� \�	 �:0 	�MSCS ��$� ��. �S�" ����
  	� � ���	� ���EV 9��V ����	�0 � �CR
� Y��,(

�� 	��V &���,�� �	�� ��!�� eR��� \�	 ��� ?V� ��a!� .��!+  �P����a!� F�!��k� � �.�,��	�J e!�� X�H,(�
 ��* �� e!�� �!#H6 � a���< ��. �S�"CN (����< �
�
� ��*)
  .�	�� �',�� �����!!�6CN �� �@�6 �� ��,��

 n�� &��+ r�( 
n�� ���cJd��(	�  &	�#� =��@3 oH%� ��  ���+.   

 &	�#� =��@3- �CEM  n�� ��$.��+ �)�P���	�!. ��
�  
  

�A��6B*C�D� �E�)MM*H(!$�F
11,5- 7,5A

7,5 - 3,8B

3,8 - 1,3C

1,3 – 0D

  
 D��,� 	��C� 
n�� �)�P���	�!. &��+ �!!�6 �� UJCN  eR� �%��J F�!��k� ���� &�� ���	� =���@ D��6

�� ?��� �S�"  <�!�� ���� X�M�� �� �)%� ?!�S� �� �@�6 �� Ui� .��
  	��C�CN �� e!�k6  +]���1�2 .[  
  
 3 -3-;$� SWMM

�S�" >� 	� �	�@ ��R� X�(��	 	��C��  a���<)\	�� �� 9��"��@ ��.( ��T �:���* ��: F��- F��
�" �)�a!� F�!��k� 
�+�(	��S �)�� Z*�: ��cJ�(d��( � ��cJd��( s�R� ��	� 
�,�� U
@ 
G!�(  ��
$J �

�"S:�6 	� &���,�� 9��V ����� D���	 .�	�� �',�� �9! ?�� Z,
��� � �P�(� 
�',��!J D���	 
�)!��	�!. ��.
�� 	� �$(< 9��0 s�� �0��� ��@�� >!��	�!. [@���� ]22[ =�� .SWMM  /��� �� �	 	�E+	 �A��" >�

.��+�(	�� f��+�,�
 ���
���. ���	� ��. &���
 �@��� f��+�	�!. �!��6 ?$@ �%).� �)E� � �S�" Z,�!� 

�!E��� ���� .�
0��,��%!J �� �)� =�� ��=�(�0 �.��< � XL!� �	�<�� �� W���� 9!:�6 ?$@ �$��� ���6 ��.

�� X���� (�
!����� � ��R�) D:,H� � 9C,����� �0 	� �<,!:��V:�
(�� ���$ �E�����  f��+�	�!.
	�%� ?�6 F	�� �� X< =�C,(� ?!:��V �!
I#. � ��R� ��$�< =�C,(� 
��$� ��. �S�"���
 @�� ���
,�. .

SWMM   f��+�	�!. �S�"��� eR� �� �+�(	�� �� ���(�!!�6 �	 �. &��#( �R��!_ �aH� F	�� �� �	 �< �
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�S�"��� 	��$��(�0 � >T�0 ��.
 �� �����(�	 .�
0��� 	� ?��" � �',��!J ������ �� D��6 �R��!_ �aH�
 �
!(�� ?�� �����< �S�"��� >� ���� .� 	��C�� �',��!JF	�� �  ���.?�� m���6 9��V  

 �R��	)6(                                             =                                                        

 	��R��	� )6
(  V=A.y ) �S�"��� 	� X< Z7"3m(
*i  �� d��( � �!HE6 F�� ��$
� \	�� F��) ����� \	��
G�" )((
 t 
(�!(�A) ����y 
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�� ���� ����� ��� ���� �� ���� � ��� 	� ������ � ����� ��!" � #$ �� �%�� �%�
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 .���'!� oH%� �S�" �.C-plan  �%C(���6 ����C� ���� �� ��$� ��#:E� �� �)!)�6 �� =��@ 	� &�� m
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  � ����@� FL)%�
G��
� Z��" 9!k�6 t�*
  ��!( �	�� ��a!� �� �,)T�0 ����� �� =�(�0 ���@� �� �7
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