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)78	9 ��� � (:; �%< =>�5� �%<(%�#� ,�/�? �@� (� %-�%AB 2(C ���9 D	�(�)E( �6�� .

2G�%#�� � H�; �%+- 2G�%#� I�%6 �J�%9	J��� ��-H�; .%+�� )*�%#� �K��%����(��<��- � L>#� (%- 

����- ��4 2���34 ��- H�; �%+- )*�%#�  �%M�� %- �N�(����� I8%M4 ���8 �*%9 (� OP+�� �6 %- �

(	&*�J�ADI1��  �6 I9 .���� .���-(� ����? )�(%�#�Shields (1936) �Kolahdoozan (1999) �

Zanke (2003) �2(C ���9 Q��6 ��- ��.#PR N�( �-  �S��)- ��>�&�M6B ��;�"T � �%��#

/�%U4�)M*V� %<���B �/�D	�( .%+�� ��N�( �  �%M�� %-A�#PR����:)"�%�� ��  �6 .�-��
���

 ����� .�� ����%+�  ���  �6 ���? (� ���- ��4 2���34 K� %?(��-  �%M��6��  �.�4%"�%�� W�%�� %-

�5� �%<(%�#�2(C ���9 �%AB =>��%�� �&)� �� �B )78	9 (� D	�( 2(C ���9 Q��6 (� (:; �%<

 ���� ��%��; �(%?��%���A � I$%9 �%<���(%1 �X��%<���(%1 �X �- � I$%9 �; �&�M6B �(� )">A �%�.

(#�+,%���-:.�� �D	�( 2(C ���9 �%AB D	�( .%+�� ����� ��%� �.�� �%��#PR �A ��#PR��.

%&�"�� 
�!� .�� �%��5- ,������ � ,�*� � .%+�� ����/ ��%�

 �Y��9 )Y- �
�� )� �� ����- ���6 �/�#� �D	�(

 �� D	�( 2(C �	6 .��	?%Y�	? I�	� )� %
�B � �Y��%�

�&�M6B �%Y��; � I!Y6 � ��Y� ��%Y��; �(%?�Y�%���A �

2(C �YY�#R	�D	YY�( ��XZYY4  �YY��1 ,YY� KYY�:�/ �YY- 

�� ([?���&�Y<�\1 �YM>�5� �]�Y��%�Shields (1936) �

White (1940) �Gessler (1971) �Delft Hydraulics (1972) �

Graf and Paris (1977)�Kolahdoozan (1999)�

Hager and Oliveto (2002)�Aguirre-pe et al. (2003) 

�4�%YM�� �%<(%�#� (�%YAB ��Y- �9�Y� D	Y�( 2(C 

1. Alternating Direction Implicit 



�/01 &#2 � �/01 3����#/� ��4�5� 6�27 . . .#9��4% �:#;"�%6�(�<+ �=�&� ��� 

�> 

�/�#�  ��� ��.(van Rijn, 1993; Kolahdoozan, 1999; 

Hager and Oliveto, 2002; Aguirre-pe at al., 2003).

� �%Y++�� � �(%��- �@� �D	Y�( 2(C �Y��9 �%YAB 

 ���1 �#PR �] ^5�� �(� ��	�� �6�- 0�4 � ��

�%���)-�(%�#� �	����- �Y@� (� 2(C �Y��9 Q��6 

�� )�/�? �	6 .Shields (1936) ,Y� (� �%�%&��1 � �!�

 �	- )����  ��� %- )�-	�( �:�� ���?�%� (�  �Y6 I+��� 

0�Y4 =Y>�5� ���%+� ��-%Y����- N�( %Y- � �Y6�- 0�Y4 

�� )� �P��6 ��- ( ����- �6�- � _�M$ D	�( .%+�

�/�#� ��6%- ��� .

`aYYY���&�YYY<�\1 ��YYY&�� �YYY��%� White (1940)�

Kalinske (1947)�Ippen and Verma (1953)�

Lane (1953) �Bogardi (1965) �Shulits & Hilt 

(1986) �Gessler (1971) (� ( �	YYb 2%YY+�+�4 )YY
��� 

)YY���� ��YY��� D	YY�( 2(C �YY��9 Q��YY6 �YY���� 

(Van Rijn, 1993) �(Kolahdoozan, 1999).

IY-%+� (� ,Y� �cY#- � %?�Y�� ��&�Y<�\1 �Y��%� van Rijn 

(1993)�Cheng and Chiew (1999) �Pilotti and 

Mendoni (2001) �Papanicolau et al. (2002) �

Kleinhans and van Rijn (2002) �Zanke (2003) 

��(�  ��+� )�-	�( ���9 �%AB %����#�"T B�(%Y�d�(�

 ��� ��	4 ( �B  ���1 ���%� �#PR � �Y/�? �@� (� .�Y-

 �%�	� )- );	4 %- �)��@� ,� L"T�%� ��%Y��; �%Y<���(%1 

D	YY�( 2(C )YY�*� �YY��9 .�V�YY� �&�MYY6B �%��YY�4

 � ����< ,� �< (� ��%- Q	�)P-( ���Y�? (�YR �@� �� .

)- !��%����(�Y�< �%Y<���(%1 eG	�#� (	@�� ,� )Y@�* ��(

�(%�B �%�#��	4 %- %��B ,�:&�%;  ��Y� �fYP-( �%YAB (%Y�#� 

J�g %- 2(C ���9 )M*V� I-%+�� �X � �6	1 ���%Y�	� �%Y<

 �%� �� ��%� �	6 (Papanicolauou et al., 2002).

1. Deterministic 
2. Stochastic 

 �%��; (� �/�T � �%��; ���%� (%?��%���A �%< (:Y; �%<

 �(� �%Y<���� %Y��4 )Y� ���� ��Y6 )Y-  � �Y6%� 2(C

 2G%�YY� �YYh�9)���YY� �YY��%� ()YYk>- ��YY�(� �YY��<

 �� ���< �(� :�� %��B ��%�� 2���34 .IY�*� ,��< )-

 :Y�� 2���34 ,� �D	�( 2(C �h�9 )- Q��6 (%�#� (�

���? (�R �@� �� ��%- (Kolahdoozan, 1999).

���9 �%AB =>�5� �%<(%�#�  �6 �#� 2%#*%P� ,� (�

D	YY�(YY- �YY#PR N�( �� �YY< %�A��YY#PR���(���	YY� 

�� ��� � (:; )78	9 B��%Y�%�6 ��- �.  �Y��1 ,Y� 

J�� �)7Y8	9 ,� (� D	�( .%+�� )� ( %Y< 2�Y6 )Y-

 �� (�R ��XZ4 ��4 �<���	Y6 )��%+� .(	Y@�� ,�Y�< )Y-

l��#� (%�#� Shields (1936) 2(C �Y��9 �%YAB ��- 

(%Y�#� �D	Y�( Kolahdoozan (1999) �%YAB m	UY5�

���9 2(C � (:Y; (%?�Y�%���A �%Y��%��; (� D	Y�( 

(%YY�#� � ��YY� Zanke (2003) �%YY�	� 0YY+� )YY� �%� 

�%��; �%<���(%1 Y- �Y@� (� ( �&�MY6B �YX ��Y� ��Y�? �

 �6 D%5�� ��.

(� n�- f����%<(%�#� G%-  �� o�6  �6 �%<���(%1 �

�< J�� �� �/�#� K� ��	6 .`a� ��� �*�� �)Y;	4 %-

-%�-	Y�( �Y��9 Q��6 =>�5� �%<(%�#� ) �� )#Y�	4 �

 �YY6)YY- W�%YY�� ��B �  �YY�B �YY�� ���YY6 (� =YY>�5�

  ��� %- ��!�*�(��< �<%&�Y�%��B �%����? ��Y- �	Y;	� 

)78	9 ��� � (:; �%< )��%+� ����	�.

'&���
 ��
� ���� ���� 
�Y� ���9 )- Q��6 ��%�� D	�( 2(C 0�Y4 )Y� �Y���

 ����- (�+� � �%��; �6�- �	Y6 ���Y�- �B ���Y�� %Y� 

)@�* )Y@�* H�%Y+� ���Y�� � �%Y��; � � �Y6%� )Y� �

 ���YYYYY�- ��YYYYY� 2(C ��� � p%!PYYYYY$	YYYYY6�

(van Rijn, 1993) . � �%YY��; �%YY<���� �YY�3�� �YY#�"T
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�A 

���9 Q��6 ����- �6�- 0�4 =��#4 �H�%+� �%<����

 �� )�b%�  ��7�1 ( D	�( 2(Cq)Y- )Y�	? �Y< )Y� �

K� �"4�Y� �%Y<���(%1 � ����Y�� ��#4 )- �%++�� � 

�  ��� );	4 (%�#� %��( ,� (� ( �$%b )E( �� ���.

�%�< )��+� (� )� )�	? )Y�M? �Y���54 )YE( ��Y- ��Y6 

���Y� � (:Y; )7Y8	9 (� ���- ��4 2���34 � r�%��

 (%�#� )�l��#� (� �  �6 D%5�� ���9 �%AB ��� .��

 Y- ���� .�� D	�( .%+��)�Y�  �Y6 )Y�/�? (%Y�.(�

4 l�< )- );	4 %-  �6 �#� %<(%�#� D%5�� H%&�< L�+�

��Y� � (:Y; �%�-B (� D	�( .%+�� )� �Y� ���Y< � 

)Y�	�� �)Y���� ,� (� ^b%6  %?��� �)Y- �	Y�� (%Y�#�

�	6  �(�B.

(%�#� �%<(%�#� ,��4��-(%��1 � ,�*� � �!�6��>� �Y� 

�Y6�- 0�Y4 (� �MY$ D	Y�( .%Y+�� _�Y� s�Y/ %- )�

)- ����- ��  ��B ��� .,� I$%9 (%� ����� ���>�6 

�� )�`1J��+4 � ��Y�- )Y- ��Y��� =Y>�5� �%Y<�

)- 2(	$ ����� )�6	� �	6 (van Rijn, 1993):
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(%�#� )!�B �	;� %- ��>�6 )-(	T ����?  �%M�� � �6 �

2%Y+�+�4 ���&�Y<�\1 �Y��%� Gessler (1965) �Grass 

(1970) �Paintal (1971) �Delft Hydraulics (1972) �

Bathurst et al. (1982)�� �%�� ��;	Y4 I-%R (�+� �<�

 D	�( 2(C � �%���4 (� �Y��� (%��Y- �Y6�- �Y9 � 

 �6 �/�#� ����- (%�#� ,� ��	4:�� �� ���9 �Y���

(van Rijn, 1993), Bathurst et al., 1982)(.

#*%P� ,� �>$ l�< )� %
�B �)2���34 ��(�- ���- (� 

)78	9 (:; �%< %Y<���(%1 ��%Y�� 2���34 ��� ��� �

��Y�? (�R );	4 �(	� ��%- :�� .�Y&�� (%Y�#� ,��-%Y�-�(�

���� .��  �6 )�/�? (%� )- )� (%�#�  ����<S� )� ��

 H�� �	�%YYR �  �%M�YY� %YY- ( �%YY��; (%?�YY�%� �YY�A �YY#�"T

 �Y�A � (%?�Y�%� )M*V� �� )- p��� ����� J��+4 � �	4	��

 (� �(%?��%� �� )�/�? �@� . �Y6 H%
� 2%+�+�4 u%� �-

 )- ����- ���9 ���(%1 2(	$ )P-()'(�� =��#4 	Y6�

(Kolahdoozan, 1999):
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���9� �� 2(%"� ����- (Zanke, 2003):
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 �>9%� �%�-BeG	�#� )� 2G�%#� )�%1 �- ��Y*	��( ��Y#-

 (� J��Y4 � (%?��%� ��A �)�M6B �%��%��; ��[Y1%� (	�Y� 

�� ..�� (� �+/ ��#- �� �%< LY�� J� �%�-B ��- �

��� � (:; w	� �� ��	4 �!�*�(��< (%�/ O��	4 ( (�

 ��Y� s�Y/ K�4%���(��< ��	�� ��; .�Y- ,Y� LY"T

s�/��Y�%- �%��; ��	�� D%�6 (%��Y- �Y��� D%�Y6 �

 �6%- I+X .%
�B � �Y� )� � %Y<(	b (� ��Y� s�Y/ �	Y4

 �>9%� LT%��))78	9 ��� � (:; �%< ()- .%�� �-	Yb

,&�< ��� [* �Y-%X �Y@� �(	�  ����� (� DB �*%&g

�YY� s�YY/ �	YY6 .,YY� ���YY� �(� %YY-%�YY8�/ 2G�%YY#� �

��	��  �Y6 ���? Y� � H�Y; �%Y+- LY�� (� 	��Y- J���

 �Y� )�6	� ��� 2(	$ )- L�� J� �%�-B �	Y6 (Lin and 

Falconer, 1997):
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���- (%- )�/�? �@� (� ��  �6 .�*%Y&g ,�Y�54 ��Y-

-	�(�%� � LY>#� �%Y�-B � %Y<(	b (� eG	Y�#� ��>9%Y�
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�6	� (Kolahdoozan, 1999):
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(&'&%&%&��� 2�
 �

� ���-  �6 )E( �-�( �%�)P-( ����- (%- )"�%�� van 

Rijn (1984) #-%4 )��2%�$	UYb � �%Y��; ���Y6 � 

�YY� D	YY�( (Kleinhans and van Rijn, 2002) �(�

%< )78	9��� � (:;���+/	� %- Y- )(%Yh  �Y6  ��Y- 

�YY� (Kolahdoozan, 1999), (Lin and Falconer, 

1997).
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