
 
 
 

   

 ����� ���	
 � ����Superelevation ����� ��� ����� ��� ��� ��  
  

 ������ � !�"  

 � ����� ��	
 � ������ ��� � �� ����� ���� ������������� �  !����  �  

�#$� ��%&#�'( �)�  

 � ����� �!���� � ���"  !����  �� ���� ��  !�
�� #�$� %"���&��' � ��()�*� !���  

*+,�#$� ��%&#�'( �  

 �(��' +��,� �-,$� ���! ������ ./�
- ���$� #�1�/�
  !�
2�3��  

  

��-�./  

 #-4-56�4�)��5� )8�9�!� �	�:� (<�/�" �&��' !
 =$�  ��!��"�	 ��   ��!�
 >�? �� ��@�� 
�� . �� �:�& .��B5

#�$� �� C�D(� �E2F �1�@�G� �  !��� <�H�  ��  ��I  64���J�� �" 
�� ��2�� 6��(� !
 ����!�56�4�)��5�  !


  ����@�!�
 >�?   !�K��!���� �,�/� %�@/(rc/b)  %�G�� C�
 �F!
 !
 ��4��� �,�/�(θ) �� -��� .L�! �M���� 64�!
 

��2�� ����� %$F ND�3�  �� 6�4�)��5�  
-(�� +��,� ��-4
�I O��3�� .  �� ��@�4 6G: >�� �� �� L�!

=$�  ������!�5 #
�
 �� #
�9�� �� �  6�� �@4��� �D�? #-� ���,�  ��ND�3�  �� L�! �!�H %	�4P5 . �" -� Q3��

 ��2�� ����� %$F6�4�)��5� � >�? !
 R�S3�  ��  ��rc/b L�! �T(�  ��I!��� �U!2�  ��!��: #-�V�5  ��


!�-/ .”#
� �*� L�!“  �”��4�F Y�*� ��4
��I L�! “ ��2�� 6��(� %$F�5�6�4�)� %� !�
!���� �	�" %?
 �� .

L�! ���4�!� M���� 64� ���
� !
 � ND�3�  �� ��  ��I!��� #
�-��-"�E�!� C� %� #-� .  

 ����� ��� �0#� : <�/�"�! �>�? ����superelevation 8�9�!� �	�:� �.  

  

�,�2,  

      <�/�"  �,�/� !
 ��4�F Z�)�!-�� �()�*� !
 
�I �� #-���� ���  �� ��@� �� 24�I  ���/ �J� !
 %[� �\"�-& � ��4�F  �� ���! ��@� �" 


-/�� �� ]��,� 
��  
�[ .�� ^� ��� 64�        <�_��/ C�_?! �� �_� 6�4�_5 �_D��
 #!��_4
 !
 � ��`�� �,�/� �/���� #!��4
 !
 �� a* C�?! �" 

�I


��I !��? ��4�F .? 6�� ���4�F �:�[ +*�� !
 �� a* C�?! ]b���     8�_9�!� �	�_:� �! <�_/�" Z_4 !
 �-�� � �(�� %G@) _�   �_@�D1/� ��_�� �

Superelevation  �@/��	 ���� ���Devers (�� -,��/1.  

  �,���� !�-�� � �:�[ +*�� !
 �� a* d�	��5 6��(�8�9�!� �	�:�  ���  !�K� �*� ��e  ����@� !
 ��4�F Z�)�!-�� �&��' !
 =$� <�H� ��

�� -��� .B5 64� !
 ��2�� 
!���� !
 �Jf�  ������!�5 .��6�4�)��5� <-� � ��	�I !��? ���4�!� 
!��      =_4g!  ��_� �� 6�_G3� %_$F ^�,�  ��

�� �	�(� �D�*�@�  �$)�/�" � �/�����4� -/�� .  

  

����� 3�&�����  4�5
�# �"�)# 6�2	
 �7�%�� � ��#�	���� ��� 8�0� ��  

      <�/�" !
 �" �,���� %[� ��@� �� !��[ <�/�" !��� �� h`�G(� =���@�  �� �� ]��,� !�"P� !��� �� >�? 8��� !
 �-4�G/ 
�� .  �-��� !


� !�"P� ��@� ��,�/� � ��,� #-� ]��,� >�? �D��
 !��4
 %G �� dH�& >�G� �D��
 #!��4
 �� C�
 +�! ��4
2/ !
 �"  -_," .   d_�� 6�_G� !


 +*�� !
 MG[ d?�-& h`�G(� �" %��� i! �:�[ -�
 .  �_� 2_"�� �� 24�I � �D�J  �����/ ��J�� %�� �" #-4-5 64�     +_*�� !
 �� a*_ �-_���

�� O!�� ��	� %)�& �� �! <�/�" �:�[ -4�G/) d��)1.((    M_G[ d?�-_& � �F!�� #!��4
 #!�," !
 �:�[ d�	��5 !
 ��4�F MG[ �\"�-& ��� ^?�(��

                                                 
١
 ����� �  !���� �,	 j,��	 



��4
 #!�," !
 ��4�F��9�� >�? �D��
 #! �� -�	� .�! L   �_� �! �_9D�3�  �_�          ��2_�� ��_��� � �� a*_ �_:�[ d_�	��5 N_4�(� %_$F ���_�

6�4�)��5� (hs=yo-yi) �� ���� �Hb� !�*� �4� !
 �$/� �� �T(� �" 
�G/ �E�!� 

�I.  

  

  

  

  

  

  

  

  

  

  

  

 d��)1 ( #-4-5 !
 #-� N4�(� �J��  ������!�5 �	�(� � 
�9,� >�? Z4 �� Z���G� �4�G/�5�6�4�)�  

  

 �&# : ��� �9: ;��  

      2"�� �� 24�I  ���/ ��,�/� d�� !
 <�� %$F ���k� 
�F� d�)-� � #-� l�	 %���,�4 ��4�F %[� L�! 64� !
(Fc)  �)�� ��!m  �! ��

�� !�PI ��J�� -��� . Z������!-�� !��	 �� ���/ d�J  ���/ � !�"P�  ���/ <�G[� ��(Fh)  !�
 ^�� #-4-5 � �� �:�[ +*�� !
 �� a* �
��

�� <
�(� �� 6���/ C�
 ��/�? >�� �� �P) � -! %��/ ����:  

)1(.....................................................................................................................................................................  

)2(...............................................................................................................  

 �� !
 �"yo  �yi � �D��
 � �F!�� >�? �!��K� !
 �� MG[ ^���� �� b� ��K� l�[ γ � �� R�S3� ��� g � d�J ���� V  p��� %[�

%
`�� !
 � ��K� !
 ��  � >�? rc �� <�/�" !��� �� >�? 8�(� p��� -��� . �*��! �
�G/ #
� �� q5)2 (   �_E�!� �_4� �!�S�  -,D��� �)
�(�

�� 

�I.  

)3(....................................................................................................................................................................................  

  

   ��2_�� �
�_� ��3�/� Zs�" >�? 8�(� �V/�,s ��� %[� � ��K� l�[ �
�� %��J �!�H !
 %� 6��! 6_�4�)��5� (hs)    �-_�5 .4�2_	�

�� �� ��D*��/ �&��' �t/ �� �" �-," -���.  

  

< : =���> ?�9: =���#�@ ;��  

      Y�*� %�(:� L�! 64� !
�� !��? ���4�!� 
!�� !�
 ^�� a* !
 � �,�/� !
 ��4�F 
��I .       �� C�-_"��  ��_� 6��_�/ C�
 ��/�_? !�_t,� 64-_�

�� ��	�I !��� ��K� �:�[ +*�� !
 ���4�F Y�*� 
�� .^�� a* !
 ��4�F p� Z4  ��� �P) �� �:�[ +*�� !�
  %��/ ����:  

)4( ..............................................................................................................................................................  

  

 �� !
 �"tanθ %� ��K� �:�[ d�	��5 !
 ��G)� �� !����� d�� ^�� .���/ <�G[� �� 6�,VG�  #!m �� d�J (Fw)    2_"�� �_� �PF  ���/ �

(Fcp) P� ^�� � d�� �� �F�� �� 2�/ �! ��	 !
 !�")1 (�� 
�" N4�(� 6�,s ����:  

  

)5(.................................................................................................................................  

  

      d�� �� �F�� ��)1 (���/ �
 �   `�� %$F �
 !
 .�" � ���  >�_? 2"�� %$F !
 � ��	� �!�S� �$/� -,4��� � #
�� !�PI �J� �)�� �� 6�4�5 �


�� -���� .-/�� -���� �?�� !�-4�5 !�
 ^�� a* ^���� 64-�� %� ����� 2"�� �� 24�I  ���/ �� 6���/ C�
 dH� >�� �� ����  ���/.  

0))()(
2

(
22

222
0 =

−
−−

c

ioi

r

V

g

yy
B

yy γγγ

dr

dy=θtan

rg

V

mg
r

V
m

F

F

w

cp
2

2

tan ===θ

00 =−− chih FFF

c
s r

b

g

V
h

2
2

2

=



 �)
�(� C�e
� ��)4 ( �)5 (<��1�/� � �� �t&b�  ��I �"

�I  ]����I p�� �" `�� �*��!(Grashof , 1875)     ��2_�� �%_� #-_� �	�(� 2�/

6�4�)��5�(hs)  �� ���� �4� �G�4!�1) +��� �!�S� �! -4�G/:  

)6(..............................................................................................................................................  

  

A :�� ;�� ���  

     
!��
�� (Woodward , 1920) #!��4
 ��� !
 �9H %[� �" 
�G/ l�	     %[�_ ���_��k� � ��_K� !��� !
 �,���� %[� � <�/�"  ��

64� 6�� �� �G$ �!�S� ��� �
 -���  .�*��! qx   ���  �hs 
�G/ O��3�� .���B5 �
!��
�� � �D�? 6����� <��/-�2��F ��t/ �/��1(Joebes 

, 1942)    ��� �(Shukry , 1950)  6x4� �(Ippen , 1962) q"��� #��`�� � (Brooks , 1963)     !
 >�_? Z�)�!-_��  �! �_�

-/
�
 C�K/� �G$� ��()�*� ����!  !�K� .64 qx (Yen , 1971) 6G5� � (Apmann , 1973)   !
�s � (Choudhary , 1977)  2�/

 ��� �*���!  #-4-5 6�G3�6�4�)��5� -/
�G/ �E�!� .   64-_/� p_�� ���_����� h����� (Vandin , 1996)   �_�4��� #�! �!��� � (Hydrain , 

1999)  ��4��� .�!� 6�-,$� ����� �(USACE , 2001) <-�  �� ��@�4 �� q5 �" %� #-� C�K/�  %�_@/ >���� ��   �_� rc/b  �

θ/1800 � � C�-"�� �K, %�H %$F#-4
�I �E�!� Z��9� �� � �� Z4 <�-F !
 -/� .<-� �4� �� �	�(� ���
� !
 2�/ #-� �E�!�  �� 
�I/-.  

  

 ����� �� �B�, �,#�(C%��&#���  

      ^4�: �" %� #
�
 ���/ ��I�/�I ��()�*� �  
�(�� 2�)�/�6�4�)��5� (ks)      ��_4�F �����,4
�!-_��  �_�����!�5 �_� ��_4�F =4g! �� ��@� �

�,�/� �4��� � 8�(� -,/�G� >�?  ����Eg ���H�S�(θ) �� a* l�[ d��� <�/�" ��S3�� �� #��`�� �(b) %� ��@��� MG[ �:  

)7(.................................................................................................................................  

     )�/�#
�
 2�  
�F��  ��) q"���(Brooks ,1963) 6G5� �(Apmann , 1973) (    ��2_��!
 ����!�_5 64��G$� �"
�
 ���/  6_�4�)��5� �

%�@/ �,�/� (rc/b) %� . ^4�: !�-�� ��,�/� %�@/ �-� ��I!2� ��6�4�)��5� -��4 �� .��" .%�@/ ����!�H!
 rc/b>4    ^4�_: 6_4� � -���

� �� �!  ��G" �����k��� d��@� h��4��� � -�
 �� ���/ 
� rc/b ��  
��) <����2 � 3.( %�@/ �� q5   2�)�_/� �� #
�9�� �� �,�/� �4��� %�G�� ��,�/�

.4���� �� �DH�&  �� #
�
 �� -4
�I ���� ND�3� . ��2�� �� �G���@� �*��! �,�/� �4���6�4�)��5� 
!�
 .#
�
 �!��    �_�    �_" 
�
 ��_�/ 
�_F��

�����k�  ^4�:6�4�)��5�  
�-& �� �9H  �4���  ���90 �F!
   6�� �,�/� �4��� �" ��)�& �� %�@/90  ��180       ��_� � #
�_� ��(4�_ �%_� �F!


 �� ��I!2� ]���/�  �4���90 
!�-/ ��@�� .4�2	� �F!
 .  

       ������!�5 �" 
�
 ���/ 
�F��  �� #
�
 6�� �1�@�G� �()�*�rc/b  �θ/900 !�S� ^4�:  !�
 �,(� �6�4�)��5�  -_,4�G/ �� N4�(� �! .

     �_�����!�5 ��J�_� �_" -�
 �� ���/ 
�F��  �� #
�
 2�)�/�b/y � Rn � Fr    ^4�_:  �! �_� 6_�4�)��5�      � ='b�_�  �_� ��_4�F #
�-_�� !


 ��2�� 6��(� !
 
�F��  ������!�5 �4� p�� �4 � %� ���5 =�s d��?� }-/� �/�����4��)��5�6�4   �_� N_4�(�  
�_� .     �_� �_F�� �_� 64����_,�

�!��  ^4�: �� �J�� d���[ � #-� C�K/�  ��6�4�)��5� 
�G/ �Hb� �4� �!�S� ���� �� �!:  

)8(..........................................................................................................................................  

  

 �'�	, ��� ;��C%��&#���  <� D9 �)�( ��"��� C��E
 �  

      ��2�� 6��(� %$F6�4�)��5� <-� %� #-� �E�!� �9D�3�  �� .<-� 64� !
   �� a*_ �_:�[ d�	��5 d�� 6��(� L�! ��)  �G�4!�_1)��*�

�…  (�� ���9�� p���! �� ="�&  !�~� ^@&�� -��� .� �K,4� !
 ���@�4 !�t,�  <-_� ���G� � �$/� �@4��� � p���! d��  ��     #-_� �_E�!�  �_�

%�@/ ^@&�� ��,"��   ��rc/b � θ/900 %� #-� ^��� �4� �D" d�� ��: (rc=ro-b/2 , rc=ri+b/2)  

)9(......................................................................................................................................  

  

  #
�-_��� %_?
 � ��!
 ��2�� �$/� �@4��� � =��� �� � ��4�F =4g! � ]���/� �4��� ��2�� ���K� �:�[ +*�� d�� 6�	�I �t/!
 �� qx    �_�

%� #-4
�I 6��(� �*��! ��  ��� N4�(� d��? .  

  

 F��)C%��&#��� ����� �� � ��7	�# ���#� �� �.! ���9 *, ��� �# � G90  �>��  

� ND�3� p���! �!�� �� � �14-�4 �� �$/� �@4��� -4
�I O��3�� �4� �4��/ 
�F��  �� #
�
 ��:  

),,,
90

,( rn
c

s FR
b

y

ْb

r
fk

θ=

)
2

)(
90

,(
2

g

V

ْb

r
Fh c

s

θ=

)
90

,(
ْb

r
Fk c

s

θ=

)(
2

2
2

i

o
s r

r
Ln

g

V
h =



1. �*��! ks � rc/b %� �)�2/ #!��G� . ^4�: !�-�� �,�/� %�@/ .4�2	� ��6�4�)��5� %�@/ !
 � -��4 �� .��"     �U!2_�  �_,�/�  �_�

 ��2��6�4�)��5� !�5 64� �� d��@�
�� -���� ���� .  

2.  �� ��G" �,�/� %�@/ ����!�H!
5/2  ^4�: -���6�4�)��5�  l�[ !��� �� ^/�K� �!�S� h��4��� �,�,� � -��4 �� .4�2	� %[� ��


�� -����.  

3.  �� %�@/ !
 p���!  ��I!��� !
 �DH� ��4�k� rc/b  �� ��G"3 %� . �!��#
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�F�� �� ���/ #
�-�� 64� !
 �" -�
   p_���!

�) %sb) ((Chatley , 1931) � �G,��! � 64-/� Hydrain(1999) -,�@�/ <��? d��?.  

4. �D�s L�! � 64����� 64
 �� L�!(b) ^4�:  ��� �! �4
��� 64��G" 6�4�)��5� -4�G/ �� 
!���� .  

5. �D�s �*��!(b)  !�-��6�4�)��5�           ^4�_: !�-_�� !�_$s�� �_�I!2�  �_,�/�  �_� %�_@/ !
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