
  

 ����� ��	�
�� *    Email: s.gohari@basu.ac.ir           

 

 
 
  
  

 

 

 

 

 
 ����12 �  ���	
3 � ���� 1401  

����  ���466 -455  
DOI: 10.22059/jwim.2022.330202.970  

  
  

  

  
:������ ��� !  

 ��������	
 ����������  �� ������ ����
 ����	�
 ����  !�  "� ����
 �� #
 ����$� �  
������� 	�
�1���� ���� �2*���� ��
� �3  

1 .���	 ���� �������  !"#��$�� �%&���$ �� '��(� ���� ��)�� %�*+��	 �&�,�+  %�-+��	 �.$ ����/� , 0��) %,��.'��1� � 
2 .%&�� ��1	�"��'��(� ���� ��)�� %�*+��	 �&�,�+  %�-+��	 �.$ ����/� , 0��) %,�� ���$ ��.'��1� � 
3 .%&�� ��1	�"�� ��)�� %�*+��	 �&�,�+  %�-+��	 �.$ ����/� , 0��) %,�� ���$ ��'��(� ����.'��1� � 

 :!3�4� 56�1�	 71��827/11/1400     :!3�4� =�1>? 71��828/4/1401  

  

�����  

���� �� ������� ���� �	��� �� �� ����
  �!"#$ ���% &� �� ��$ '��	� & �� �
&�� �#��	� (#�� �� ������  ��%�� )�
�* �+,��� �- 
� .��/� .��
���� �� '#� 1��2�� )�
�* �� ���	��� & �/��� ����2� ��- & )�
�* �� �� (3� ��2� �4��� ���% &� (
��� ���	
�3�. ���� ���� ���5�6 �  7�- 7"8 

�� 9�:��  ;�%���% &� �������� & 7/��� �� (<�=/ >�"+3� �  �#��	� ���� �	���? ���5�6 ���� �
&�� ���@�
���� ����� �� A�&BC 
� �  .�	-�� ��
D� ��  ���� �� )� ��
�E� & ���� �F��5�C�? & �@��-L A
���� .(�� ��- ��%� �C 7�- ��� �&� �� ������ �� & ���5�6 �L  �
&�� �� �� 7�-30 9

60  &90   7/�� �� (#��) �*� "
�C (�   �� ���+F )&�  (����� ��$5/10  P�=?�� & Q�� 9���5/0  R
��� .(�� ��- S�T�� �U� D� V
��- �  ���
A
���� �� )��� ��������C �� D� ��=/ ���  �  �
&�� A
�4F� �� ����� ���C (��W� & ��$ 9�@��-���� ��X� ���5�6 �  �� �?L �� 7�-.�-��  �Y���/

D� Z3� D� XT/ & (/��� "@��"� 9�@��- � �@��- �� �
&�� A
�4F� �30  ��90 �� �*�   �  '"?�?���� �� �L 7�-4/41 941  &5/75  �  & �,� 
���� �� ���5�6 �8/33 939  &73 �� A
�4F� �,� X� .���
  �  "	6"
�C (�  D� ����� ����
  �  9���5�6 ����  '
�W? �  �� ��F�@� >��, �@��-

���% &� ����
  A
���F (<�=/ & ����  ���� �� (#��L �� 73� �� �̂ 7�-.�	�  
  

���	��
��: ���� 9���5�6 ���� L 97�- D� �@��-9 �
&�� ���� 9 �F��5�C�? ���� 9��� ���@�
����.   
  
  

Experimental study the effect of hockey spur dikes angle on scouring and 
comparing to L-shape spur dike 
Sajjad Bajelvand1, Saeed Gohari2*, Majid Heydari3 

1. M.Sc. Graduated student of Water Structure Engineering, Department of Water Science Engineering, Faculty of Agriculture, Bu Ali Sina 
University, Hamadan, Iran. 

2. Assistant Professor, Department of Water Structure Engineering, Faculty of Agriculture, Bu Ali Sina University, Hamadan, Iran. 
3. Assistant Professor, Department of Water Structure Engineering, Faculty of Agriculture, Bu Ali Sina University, Hamadan, Iran. 

Received: February 16, 2022  Accepted: July 19, 2022 
 
Abstract 
Spur dikes are river training structures that developed from the natural river banks with proper length and angle from the flow dominant direction, 
cause to divert the flow attack at the riverside and the critical regions and directs the flow to the river central axis. There are several researchers 
focused on the effect of the spur dikes angles on the flow pattern however there is not any study on hockey spur dikes angle on scouring patterns. In 
present study, the effects of the hockey spur dikes angle on scouring and the bed topography was carried out experimentally while the results were 
compared to those provided for L-shape. The experiments were conducted on a series of hockey spur dikes also the L-shape in three various angles 
equal to 30°, 60° and 90° (towards the downstream channel lateral walls) inside a laboratory flume in 10.5m length, 0.5 width and 0.5m height under 
the clear water conditions. The results revealed the scour hole parameters including the length and thickness of the sediment hill are lower in hockey 
spur dikes than the L- shape by increasing the spur dikes angle. Furthermore, the maximum scour depth, mean area and volume of scouring are 
increased by 41.4, 41 and 75.5 percent in hockey and by 33.8, 39 and 73 percent in L-shape through increasing the angle from  30° to 90°, 
respectively. Also, no scouring was taken place in the vicinity of the channel lateral walls downstream the hockey spur dikes, hence, those beter act 
against the destruction also in protection of river beaches against the erosion, with respect to the L-shape. 
 
Keywords: Bed Topography, Hockey Spur Dike, L-shape Spur Dike, Laboratory Model, Scour, Spur Dikes Angle. 
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                                   (c)                                                           (b)                                                           (a) 

Figure 1. View of the hockey spur dike series in angles a) 90◦ b) 60◦ and c)30◦ 
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Figure 2. Sediment granulation curve 

  

��2�  ����� ��  �� >��, 
� �� A
���� �� S�T��

 ������� �� ��i� ���  �� �!� & ��- 'a�

`�%  '�6 )�-���� ��  � �=��� ��  �*�� >�����

y"c�? ��  ��		�un���  ��^��� �
��� �{
�  & ��- ���?

 S�+Fun���  �� ����� �� �U� D� & ����"
�C (�   ��

)� �� rC .�- (
��� ����� )&�   S�3? �&� D� ��

 )�
�* & -&� 9X� ��  �� |3C 9(F�5 �� >�����

 S�+F  ��& ����� �� � &�&�� �-  �? ����� ���� yc� �?

����� �	6 P�=?��  �{
�  rv� 9 �- ��"-�C D� �� ���


� �? ��- ��� R
���� �
��� S�+F )&�  D� Z3� & ��  ��

���E� ��  �� �!� .���� �i� ���A
���� S�3?� �
�^��� �{
�  9

�� _���% |3C & ���� S�+F o� �  A��� `
 .�-

  �- ����� ����� �� ����� �   �*�� D� �?  �� ��-  �T
�

 `
 (-f5 �� rC . ��f@� ��"de? ���� �F��5�C�? �� &

�� S�+F )&�  �� D� 7��� �"+W? & (���  9��4"8 ��� �+"�&

�5�C�? � &�2� �  ���� �F����� �� (-� �� (�� ��-.  

0
10
20
30
40
50
60
70
80
90

100

0 0.3 0.6 0.9 1.2 1.5 1.8 2.1

P
%

d(mm) 



�+��/! �!01���2�� 345, �60�� 78�*1 &�-'9� ,* :1 2;<
� � � !��< =1 �* 78�*1 >6 ?8
 

  

 ����12 �  ���	
3 �  ����1401 

459

$��%&� !�'���  

�� D� �� �dz� 7���� "� �c��� �F�
 ��i	�  �:��  �  �@��-

���� �� & ���5�6 �L  �&� � �!�� 7"+2? 97�-

 �	"�� 
��  �dz� 7���� .(�� ��- S�T�� �dz� ���������C

) ����� Q�� �� �	?��#��lcE� �  ����� Q�� 9(  ����

���	 ����� �8�$ '"- 9�
�	 ���� ��$ 9��	 ����� ��$ 9

 ������	 ���� �
&�� 9��	 �  )�
�* V���� (��� 9

 ���� �� 7#j lcE���	 )�
�* Z3� 9�ℎ	 Z3� 9

D�  ���� �:��  �  �@��-�ℎ�	 7Ed D��- 9��	 �cj 9

 V��������	 >��m �8�@6 9���	 l
��? ��"!� 1��2�� 9

 >��m ���������� ��"� ;�aW� S�* 9��	 (*48 9

 ��"��	
 ��	  _&� �� � �=��� ��� -  D�W��� �� & S�^@	"���

�ℎ�	 ��  D�W��� & 9�����& �"g�� )��	��, �, ℎ  ��  )��	�

������C�� �
� �c��� �����? ��� �� (� .�
�  

)1(  h� � f��μ, ρ, θ, ρ�, B�, B, S&, h, u, d��, g, σ+, L, L-� 
�� ���������C )�"� �c���  �!��� >��,  �
��� (�  

��:�
�  

)2(  
../

. �  

.f0 123
. , 2

. , 45
. , 4

. , 6
7+. , 8/

8 , 86.
9 , θ, S&, :;<

. =  


� �� �*�? ��  y8�a� & (��d ����� '"- ��

� �=��� ��� �� (%��	�
 & ���� .�-��>?
>  9
�  &���  ��

 1f/ q�F l��?�� �- �@�=-� �� �*�? �� �F�$ �� .��

�� )�
�* ��8�	
� ������C �� )��?�@A	 1�, 4"�  �i�

(��d �� �*�? �� . �3�  ��$ ) ������ �� BC
DE  1f/ 4"�

�� �- �
�^� �c��� &  �� >��,   �^	�"C �
��� �-:   

)3(  h�
h , ℎ�

� � f��, Fr	 
  

()& 	 *��+�  

���� �
&�� A
�4F� ��  7/�� �� (#��"
�C (�   �� �����

30  ��60  �� & �*� 60  ��90  ��-�
�a? ��$ �*� 

���� A"� )�
�* ��  )�
�* lcE� Q�#E�� )�4"� 9��- �?

A"�  & ��- �?���� �� A"� �� )�
�* b�c%  �"de? (2? �?

A"� & � �  ���j ��  �T
� �:��  �  �� X$n? 
�?  .�		�

D� ��=/ Z3� �Y���/ 
����	�  A
�4F� �@��-�� �  .���


) 7�-3�� >��""g? ( D� ��=/ Z3� �Y���/ �!�  �� �@��-

 ���� ��$BH?
C E  ���� o+�W� ��
�&� >��""g? �� (#��

��  � )�3� .(�� ��- � �  )��� >&�=�� ���  �  ����$

 ������ 7�- 
��� �-�� (#��   D� Z3� �!�  �� �@��-


�* ��  & ���� �
&�� A
�4F� �� ���� ��$ A
�4F� )�

�� ��"CX� .�	�  ������ "	6�� �- ��=/ Z3� �Y���/  

D�  �
&�� �� �  �@��-30 960  &90  ���� �*� 

�� ���5�6 X� �:��  �  )�
�* S�� 1��2�� 7"8   ���� �� �?

L �� 7�-D� ��=/ Z3� �Y���/ .�-��  �  �@��-

���� �� �L  �
&�� �  ���5�6 & 7�-90  �� (#�� �*� 

30 �� �*�   '"?�?4/41  &8/33 A"� �,�  .(�� �?  
  

(a)  
 

(b)  
Figure 3. Effect of spur dike's angle on maximum 

dimensionless scouring depth: a) L-shaped spur dike 

and b) hockey spur dike 
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b) L-shaped spur dike series =60◦                                                  a) L-shaped spur dike series =30◦ 
 

 
c) L-shaped spur dike series =90◦          

 

 
Hockey spur dike series =30◦ d)                                          Hockey spur dike series =60◦ e)                      

 

 
f) Hockey spur dike series =90◦   

Figure 4. Bed topography around L-shaped and hockey spur dikes with different angles 
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Figure 5. Longitudinal bed profile at the intervals a) 0.12B,  b) 0.18B  and c) 0.24B from the wall of the L-shaped spur 

dike series at different angles 
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                                  )a (                                                        )b(  

  
)c(  

Figure 6. Longitudinal bed profile at the intervals a) 0.12B,  b) 0.18B  and c) 0.24B from the wall of the hockey shaped 

spur dike series at different angles 
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Figure 7. Bed cross section profiles at a) 20 mm upstream and b) 40 mm downstream from the first L-series spur 

dikes at different angles 
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Figure 8. Bed cross section profiles at a) 20 mm upstream and b) 40 mm downstream from the first hockey spur dikes 

at different angles 
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Figure 9. Variation of a) Area and b) Scour volume with increasing discharge for L-shaped spur dike 

at =30◦, 60◦ and 90◦ 
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Figure 10. Variation of a) Area and b) Scour volume with increasing discharge for hockey spur dike at =30◦, 60◦ and 90 
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Figure 11. Variation of scour volume with increasing 

scour depth 
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