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�€�j�¯�Y�|�u�����ª�¼�Ÿ�����Ê�´�f�ˆ�Œ�]�M�������Ê�»���|�/�‹�Z�] (Ezzedine et al., 

2007)�����������½�Y�•�Z�°�¼�Å���Á���Ê�»�€�¯�Ä� �·�Z�˜�»���®�Ë���•�{�,�Ê�Å�Z�´�Œ�Ë�Z�»�•�M���É����
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������������¾�°�Œ�]�M ���É�€�‡ ���µ�Â�— (L) �����Ä�¸�•�Z�§ ���Á�É���������¾�Ì�·�Á�Y ���¾�Ì�]

�����š�§�Z�v�»���¾�°�Œ�]�M���Á���¾�°�Œ�]�M(X)���������Y�•�Ã�{�Á�|�v�»���•�{�����É�������������

�����€�]�Y�€�]L�����Ê�»���Ä�Ì�•�Â�e�|�À�¯.�����Ä�f�§�Z�Ë�Ê�»���½�Z�Œ�¿���Ê�]�€�n�e���É�Z�Å�Å�{�À�����|

�����¾�°�Œ�]�M ���•�Y ���Ã�{�Z�¨�f�‡�Y ���Ä�¯�»�Z�v�§�Ê�» ���š�» ���•�Â�—���Ä�] ���|�¿�Y�Â�e�R�����É�€�i

�����Š�Ë�Z�‡�€�§���½�Y�‚�Ì�»�Y�•�������|�Å�{���Š�Å�Z�¯���µ�Á�Y���¾�°�Œ�]�M���•�{���������Á���Ê�»�€�¯��

�����,�½�Y�•�Z�°�¼�Å�����������������²�¿�ƒ�����Á�����Y�Á�Z�¯�Z�¿�����Z�]�����¹�Z�n�¿�Y�����Š�Ë�Z�»�•�M�����€�]���������É�Á�•

�Á�{�����¾�°�Œ�]�M�����®�e�����€�Ë�~�a�}�Â�¨�¿�����Á�����€�Ë�~�a�Z�¿�}�Â�¨�¿�����Á�����Ä�ˆ�Ë�Z�¬�»�É�����l�Ë�Z�f�¿����

�¶�•�Z�u�����•�Y�����Ê�´�f�ˆ�Œ�]�M�����¥�Y�€�—�Y�����¾�Ë�Y�������Á�{�����•�Â�¿�����¾�°�Œ�]�M�����|�À�f�§�Z�Ë�•�{����

�Ä�¯�����ª�¼�Ÿ�����Ê�´�f�ˆ�Œ�]�M�����€�j�¯�Y�|�u�����•�{�����¾�°�Œ�]�M�����€�Ë�~�a�}�Â�¨�¿�������{�Á�|�u����

�¦�•�¿�����¾�Ë�Y�����•�Y�|�¬�»�����•�{�������¾�°�Œ�]�M�����€�Ë�~�a�Z�¿�}�Â�¨�¿�����d�‡�Y����Zhang (

)9200,and Nakagawa�����������½�Y�Á�{ ���Á ���Z�Ë�•�Z�q�M�����Ê�‡�•�€�] ���Ä�]

�[�Â�‡�• ���Á ���Š�Ë�Z�‡�€�§ ���É�Â�´�·�Y ���Á ���º�—�Ô�f�» ���½�Z�Ë�€�m���•�{ ���É�•�Y�~�³

�[�M���É�€�‡���¥�Y�€�—�Y�¾�°�‹�����\�¸�•���€�f�ˆ�]���–�Ë�Y�€�‹���•�{���É�•�Y�Â�»���É�Z�Å

�Š�Ë�Z�‡�€�§���Á�½�M���c�Z�‹�•�Y�‚�³�����|�À�f�y�Y�{�€�a���€�Ë�~�a�����Ä�¯���{�Y�{���½�Z�Œ�¿���Z�Å

�Ä�Ì�^�‹���l�Ë�Z�f�¿�����½�Z�Ë�€�m���½�Y�|�Ì�»���É�•�Z�‡�Ã�{�Y�{���Z�]���Ê�]�Â�y���ª�]�Z�˜�e�����É�Z�Å

���{�•�Y�{ ���Ê�Å�Z�´�Œ�Ë�Z�»�•�M� � � �2011),Acharya and Duan(������
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�Ê�¿�Y�€�v�]���d�Ÿ�€�‡�����,50d�������|�À�f�ˆ�Å���€�f�ˆ�]���c�Y�•�}���€�˜�«���–�‡�Â�f�»����

�Ì�•�Â�e ���…�Z�‡�Y�€�]�È����(2002) Hager����and����Oliveto���������É�Y�€�]

�•�Y���É�€�Ì�³�Â�¸�m���������|�Ë�Z�]���[�M���ª�¼�Ÿ���,�Ê�´�f�ˆ�Œ�]�M���ª�¼�Ÿ���€�]���É�€�]�•���€�i�Y

�����•�Y���€�f�Œ�Ì�]���������Ê�¸�Ì�»�����€�œ�¿���ª�^�—���¾�Ì�À�r�¼�Å�����{�Â�‹���[�Z�z�f�¿�Y���€�f�»

(1980) Ettema�����½�Z�Ë�€�m ���•�{���º�¯ ���É�Z�Å�,�ª�¼�Ÿ�����[�Y�{�€�³�����É�Z�Å

���Ê�¿�Z�¼�¯���k�Â�»�����Ã�|�‹���{�Z�n�Ë�Y���Ä�]���,�[�M���t�˜�‡���•�{�����•�{���‰�{�€�³���¶�Ì�·�{

���Z�] ���½�Z�Ë�€�m ���d�Æ�m ���¥�Ô�y�������\�m�Â�» ���Á ���Ä�f�§�Z�Ë ���¶�y�Y�|�e ���½�Z�Ë�€�m

�¾�Ì�Ë�Z�a���Ä�]�Á�•���½�Z�Ë�€�m���•�{���Š�Å�Z�¯�������Ê�´�f�ˆ�Œ�]�M���ª�¼�Ÿ���Š�Å�Z�¯���Á

�Ê�»�ª�¼�Ÿ���|�Ë�Z�]���¾�Ë�Y�€�]�Z�À�]�����{�Â�‹�����Ä�¿�Â�³���Ä�]���½�Z�Ë�€�m�Y���É�Y���{�Â�‹���[�Z�z�f�¿

���ª�¼�Ÿ ���€�] ���Ã�|�Ë�|�a ���¾�Ë�Y ���€�Ì�i�P�e ���Ä�¯�����{�Á�€�] ���¾�Ì�] ���•�Y ���Ê�´�f�ˆ�Œ�]�M������



������ ���������Ä�Ë�€�Œ�¿�������Ê�¼�¸�Ÿ���Ê�Œ�Å�Á�„�a�����Ê�‡�|�À�Æ�»���É�•�Z�Ì�]�M���Á�������[�M���½�Y�€�Ë�Y����������

�µ�Z�‡���º�Å�{�•�Y�Á�{�������Ã�•�Z�¼�‹���¶�Æ�q���Á�����d�Œ�Å���������½�Z�f�ˆ�]�Z�e�������� 
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�����€�]�Y�€�]���½�Z�Ë�€�m���ª�¼�Ÿ���c�Z�Œ�Ë�Z�»�•�M���¾�Ë�Y���•�{���¾�Ë�Y�€�]�Z�À�]������������€�f�¼�Ì�f�¿�Z�‡

���ª�^�— ���¶�b�Ë�• ���¶�Ì�°�Œ�e ���•�Y ���É�€�Ì�³�Â�¸�m ���É�Y�€�] �����|�Ë�{�€�³ ���¾�Ì�Ì� �e

�����Ä�Ì�•�Â�e(1983) Ettema����and����Raudkivi �����c�Y�•�} ���€�˜�«

�����•�Y���€�f�³�•�‚�]���|�Ë�Z�]����������������|�‹�Z�]���€�f�¼�Ì�¸�Ì�»�����¥�~�u���É�Y�€�]���¾�Ì�À�r�¼�Å

�Š�Å�Z�¯ ���€�] ���c�Z�]�Â�‡�• ���Ê�f�y�Y�Â�À�°�Ë�Z�¿ ���€�i�Y�������Ê� �“�Â�» ���Ê�´�f�ˆ�Œ�]�M�,����

�c�Y�•�} ���Ê�‡�|�À�Å ���•�Z�Ì� �» ���¥�Y�€�v�¿�Y ���½�Y�‚�Ì�»� � � �����

84 16g D D�V � �������•�Y���|�Ë�Z�]����������������|�‹�Z�]���€�f�¼�¯�������Ê�Ÿ�Z�¨�‹��

�½�Z�f�ˆ�n�]�,�����������Ä�m�Â�e���Z�] ���������,�Ã�|�‹ ���€�¯�} ���–�Ë�Y�€�‹ ���Ä�]�����Ã�•�Y�|�¿�Y�É����

�t�·�Z�•�»�����Ã�|�¿�Z�»�����É�Á�•�����®�·�Y�����Ã�•�Z�¼�‹���É�������������É�•�Â�^�Ÿ ���Á�����•�Y�������®�·�Y��

�Ã�•�Z�¼�‹�É�������������–�‡�Â�f�» ���€�˜�« ���Z�]������������Ê�¸�Ì�»�����¥�Y�€�v�¿�Y ���Z�] ���,�€�f�»

�����•�Z�Ì� �»����������������Á���Ê�·�Z�´�q�����Ã�„�Ë�Á�É������������������|�‹ ���[�Z�z�f�¿�Y�����������¹�Z�´�À�Å

�³�•�Y�€�«�Ì�€�É�����¾�°�Œ�]�M�,�Z�Å�������|�•�•�{���������µ�Z�¿�Z�¯���‘�€�Ÿ���µ�Z�¤�‹�Y�����|�Ë�Z�]�����ª�^�—

�Ã�{�Á�|�v�»���É�����•�Â�e�Ì�Ä�������Ã�|�‹���������Ä�¯���|�‹�Z�]�¾�°�Œ�]�M���µ�Â�—���Ä�m�Â�e���Z�]���Z�Å

�����|�‹���¾�Ì�Ì� �e���•�Z�Ì� �»���¾�Ë�Y���Ä�]�����Y�Ë�¾�����Ä�¿�Z�y�{�Á�•���•�{���•�Y�|�¬�»�Z�Å�����É�Y�€�]����

�³�Â�¸�m�Ì�€�É�����Y ���•�Y�Ë�{�Z�n�����³�|�‹ ���²�À�e�Ê�����ˆ�» ���•�{�Ì�€�����€�m�Ë�½�Z�����Z�]�Ë�|����

���€�j�¯�Y�|�u���������|�‹�Z�]���|�•�•�{�,���Ä�¿�Z�y�{�Á�•���•�{�É�Z�Å�������¶�«�Y�|�u���®�q�Â�¯

�����‘�€�Ÿ�����������e ���|�Ë�Z�] ���Ä�¿�Z�y�{�Á�• ���€�f�»���P�‹ ���¾�Ì�»�{�Â���������‘�€�Ÿ ���Z�Ë ���Á

�y�{�Á�•�Ä�¿�Z�����|�Ë�Z�^�¿�����•�Y�����{�{�€�³���€�f�¼�¯���½�M���{�Â�m�Â�»���¹�Â�‡���Á�{�������È�Ë�€�Œ�¿��

�����Ç�•�Z�¼�‹�������Z�»�•�M���¾�Ë�Y���•�{���€�i�R�»���Ê�‡�|�À�Å���É�Z�Å�€�f�»�Y�•�Z�a���������c�Z�Œ�Ë

�Ã�Â�v�¿���Á���¦�¸�f�z�»���c�Ó�Z�u���•�{�¾�°�Œ�]�M���•�Y�€�¬�f�‡�Y���É���¶�°�‹���•�{���Z�Å

�����µ�Á�|�m���•�{���¾�Ì�À�r�¼�Å���Á���Ã�|�‹���Ã�{�Y�{���½�Z�Œ�¿���������É�Z�Å�������,����������

�� ���Á���€�f�»�Y�•�Z�a���¾�Ë�Y���€�Ë�{�Z�¬�»�����Ã�{�•�Á�M���Ê�¼�¯���c�•�Â�•���Ä�]���Z�Å���������Ã�|�‹

���d�‡�Y��

 

�����¶�°�‹����:���Ä�‡�|�À�Å���ž�˜�¬�»���Á���½�Ô�a�¾�°�Œ�]�M���É���Á���É�Á�Z�ˆ�»���µ�Â�—���Z�]���É�Z�Å�š�§�Z�v�»���¾�°�Œ�]�M��

�����µ�Á�|�m������:���š�§�Z�v�»���€�Ë�~�a�}�Â�¨�¿���¾�°�Œ�]�M���Ê�‡�|�À�Å���É�Z�Å�€�f�»�Y�•�Z�a��
���€�f�»�Y�•�Z�a�� ���{�Z�¼�¿ ���€�Ë�{�Z�¬�»��

���|�•�•�{���É�€�Ë�~�a�}�Â�¨�¿���¾�°�Œ�]�M���t�˜�‡��

���š�§�Z�v�»��
r0 (%) 50 

�Ä�¸�Ì�»���€�˜�«���Z�Å d (mm) 10 

���Z�Å���Ä�¸�Ì�»���{�Y�|� �e N 5��

���½�Z�Ë�€�m���Ä�]���d�^�ˆ�¿���É�€�Ì�³�•�Y�€�«���Ä�Ë�Á�Y�• �Ý��(deg) 90 

�Ä�¸�Ì�»���É�€�Ì�³�•�Y�€�«���Ä�¸�•�Z�§���º�Å���d�^�ˆ�¿���Z�Å Sd (mm) 10 

���¾�°�Œ�]�M���µ�Â�—���š�§�Z�v�» L' (mm) 100 

�����š�§�Z�v�»���¾�°�Œ�]�M���É�€�Ì�³�•�Y�€�«���Ä�¸�•�Z�§

���¾�°�Œ�]�M���¾�Ì�·�Á�Y���Ä�]���d�^�ˆ�¿ 
x (mm) 

100-150-200-250-300��
(L', 1.5L', 2L', 2.5L', 3L')��

���‘�€�Ÿ���•�Y���Ã�|�À�À�¯���µ�Z�¤�‹�Y���|�•�•�{ K=L/B (%)�� 33.3 

�������µ�Á�|�m����:���¾�°�Œ�]�M���É�€�‡���Ê�‡�|�À�Å���É�Z�Å�€�f�»�Y�•�Z�a�É�Á�Z�ˆ�»���µ�Â�—���Z�]���€�Ë�~�a�Z�¿�}�Â�¨�¿���É�Z�Å��
���€�f�»�Y�•�Z�a�� ���{�Z�¼�¿�� ���€�Ë�{�Z�¬�»��

�¾�°�Œ�]�Y���µ�Â�—���Z�Å�� L��(mm) 100 



�� �� �� �� �� �� �� �� �� ��

��
�€�Œ�¿�Ë�Ä�����¼�¸�Ÿ���Ê�����Œ�Å�Á�„�a�Ê���‡�|�À�Æ�»�Ê���]�M�Ì�•�Z�É�����Á�����[�M���Y���Ë���½�Y�€���������� 

�µ�Z�‡���º�Å�{�•�Y�Á�{�������Ã�•�Z�¼�‹���¶�Æ�q���Á���d�Œ�Å�����������½�Z�f�ˆ�]�Z�e�������� 
������ 

 

 

�¾�°�Œ�]�M���d�»�Z�z�“���Z�Å w��(mm) 10 

�¾�°�Œ�]�M���{�Y�|� �e���Z�Å N 3 

���½�Z�Ë�€�m���d�Æ�m���Ä�]���d�^�ˆ�¿���É�€�Ì�³�•�Y�€�«���Ä�Ë�Á�Y�• �Ý��(deg) 90 

���º�Æ�]���d�^�ˆ�¿���É�€�Ì�³�•�Y�€�«���Ä�¸�•�Z�§ S (mm) 200 

���‘�€�Ÿ���•�Y���Ã�|�À�À�¯���µ�Z�¤�‹�Y���|�•�•�{ K=L/B (%) 33.3 

�����c�Z�Œ�Ë�Z�»�•�M�d�v�e�������µ�Ó�• ���[�M���–�Ë�Y�€�‹�������,�•�{�����d�·�Z�u���������½�Á�|�]

���•�{���€�Ë�~�a�}�Â�¨�¿���š�§�Z�v�»���¾�°�Œ�]�M���Z�]���Á���€�Ë�~�a�}�Â�¨�¿���š�§�Z�v�»���¾�°�Œ�]�M

�����È�¸�•�Z�§���l�À�a���������,���������,���������,�������������Á���������Ê�f�¿�Z�‡���É�€�‡���•�Y���É�€�f�»

�¾�°�Œ�]�M�Z�]���º�W�Z�«���€�Ë�~�a�Z�¿�}�Â�¨�¿���É�Z�Å�������Ê�]�{�������Á���d�]�Z�i�����€�f�ˆ�]�����Ä�¿�Y�{���Z�]��

�����É�|�À�]�d�y�Y�Â�À�°�Ë�����¹�Z�n�¿�Y�������|�‹���������•�{�Ä� �·�Z�˜�»���¾�Ë�Y�������È�¸�•�Z�§���€�Ì�Ì�¤�e

�¾�°�Œ�]�M ���É�€�‡ ���•�Y ���€�Ë�~�a�}�Â�¨�¿ ���š�§�Z�v�» ���¾�°�Œ�]�M�,�Z�Å�������½�Y�Â�À� �]

�•�{�€�Ì�¤�f�»�����Ä�f�§�€�³�€�œ�¿�����Ã�|�‹�����Ã�{�Á�|�v�» �����d�‡�Y�É���������É�Z�Å�€�f�»�Y�•�Z�a

�½�Z�Ë�€�m���Ê�°�Ì�·�Á�•�|�Ì�Å���–�Ë�Y�€�‹�����{�Â�m�Â�»�����¾�Ë�Y���•�{�����c�Z�Œ�Ë�Z�»�•�M�����•�{����

�����µ�Á�|�m���Ž�z�Œ�»���������Ã�|�‹���d�‡�Y����

��

�����µ�Á�|�m������:���–�Ë�Y�€�‹���É�Z�Å�€�f�»�Y�•�Z�a�½�Z�Ë�€�m���Ê�°�Ì�·�Á�•�|�Ì�Å
 

���•�Y�|�¬�»�����s�€�‹�����€�f�»�Y�•�Z�a��

0.002 �Ê�]�{ Q (m3/s) 

0.055 �ª�¼�Ÿ y (m) 

0.121 ���d�Ÿ�€�‡ V (m/s) 

0.165 ���{�Á�€�§���{�|�Ÿ Fr 

4878.05 ���•�|�·�Â�À�Ë�•���{�|�Ÿ Re 

0.012 ���Ê�¿�Y�€�v�]���Ê�‹�€�]���d�Ÿ�€�‡ *
cu (m/s) 

0.170 ���Ê�¿�Y�€�v�]���d�Ÿ�€�‡ cV  (m/s) 

0.713 �d�Ÿ�€�‡���d�^�ˆ�¿���Z�Å 
cV

V  

 �� 

�É�{�Z� �]�Y���‚�Ì�·�Z�¿�M���� 

�¾�°�Œ�]�M���¥�Y�€�—�Y���•�{���Ê�´�f�ˆ�Œ�]�M���ª�¼�Ÿ���€�]���€�i�R�»���¶�»�Y�Â�Ÿ���É�Z�Å

�����d�Ì�Å�Z�» ���,�½�Z�Ë�€�m ���–�Ë�Y�€�‹ ���¶�»�Z�‹ ���µ�Z�¿�Z�¯ ���•�{ ���€�Ë�~�a�Z�¿�}�Â�¨�¿

�Ä�¸�Ì�»���€�˜�«���,�c�Z�]�Â�‡�•���Ê�»���Z�Æ�¿�M���¶�•�Y�Â�§���Á���Z�Å���•�Z�^�e�•�Y���Ä�¯���|�À�‹�Z�]

���Ä�˜�]�Y�•���ª�^�—���€�]���Z�Æ�¿�M���������Ê�»���Ž�z�Œ�»���{�Â�‹��

������  ),,,,,',,,,,,,,,,,( 00501 SSrxLLdDgBByVfd ss �T�P�U�U�  

��
1 Clear water 

�½�M���•�{���Ä�¯ �U �����,�[�M���Ê�·�Z�´�qs�U���������,�c�Z�]�Â�‡�•���Ê�·�Z�´�q�P��

���Ä�f�Ë�•�Â�°�ˆ�Ë�Á�����,�[�M���É�T�����¾�°�Œ�]�M���•�Y�€�¬�f�‡�Y���Ä�Ë�Á�Y�•�Z�Å���,V�������d�Ÿ�€�‡

�����,�½�Z�Ë�€�my���������,�½�Z�Ë�€�m���ª�¼�Ÿg���������,�Š�¿�Y�€�³���[�Z�f�‹50d ���������€�˜�«

�����,�c�Y�•�} ���–�‡�Â�f�»D���������,�Ä�¸�Ì�» ���€�˜�«0r���������É�€�Ë�~�a�}�Â�¨�¿ ���|�•�•�{

�š�§�Z�v�»���¾�°�Œ�]�M�����,L �����,�€�Ë�~�a�Z�¿�}�Â�¨�¿���¾�°�Œ�]�M���µ�Â�—L�c�������µ�Â�—

�€�Ë�~�a�}�Â�¨�¿���š�§�Z�v�»���¾�°�Œ�]�M�����,B�������µ�Z�¿�Z�¯���‘�€�Ÿ�������,����1B���������‘�€�Ÿ

�,�µ�Z�¿�Z�¯ ���Ê�³�|�‹ ���²�À�e����
0S�����µ�Z�¿�Z�¯ ���\�Ì�‹�����,S�����Ä�¸�•�Z�§���������Ê�·�Â�—

�¾�°�Œ�]�M�����Z�Å�����,x �Ä�¸�•�Z�§�¾�°�Œ�]�M���¾�Ì�·�Á�Y���•�Y���š�§�Z�v�»���¾�°�Œ�]�M���É�������Á����

 



������ ���������Ä�Ë�€�Œ�¿�������Ê�¼�¸�Ÿ���Ê�Œ�Å�Á�„�a�����Ê�‡�|�À�Æ�»���É�•�Z�Ì�]�M���Á�������[�M���½�Y�€�Ë�Y����������

�µ�Z�‡���º�Å�{�•�Y�Á�{�������Ã�•�Z�¼�‹���¶�Æ�q���Á�����d�Œ�Å���������½�Z�f�ˆ�]�Z�e�������� 
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sd���������Ê�´�f�ˆ�Œ�]�M���ª�¼�Ÿ�Ä�£�Z�»�{���¥�Y�€�—�Y�����¾�°�Œ�]�M���É�Ã�|�‹���¦�Ë�€� �e��

���[�Z�z�f�¿�Y���Á���¹�Z�Æ�´�À�Ì�¯�Z�]���Ê�a���‰�Á�•���Ä�]���É�{�Z� �]�Y���‚�Ì�·�Z�¿�M���¹�Z�n�¿�Y���Z�]�����|�¿�Y

�€�Ì�¤�f�»�����É�Z�ÅV�����Á����L�c �����€�Ì�¤�f�»���½�Y�Â�À�Ÿ���Ä�]���¶�u���Á���É�•�Y�€�°�e���É�Z�Å

�����,�Ã�|�»�M���d�‡�|�] ���c�Ó�{�Z� �»�È�˜�]�Y�•�����������������Ê�» ���Ä�n�Ì�f�¿�{�Â�‹���������Z�] ���Ä�¯

�Š�Ë�Z�»�•�M ���–�Ë�Y�€�‹ ���•�{ ���Ä�¯ ���Z�Å�€�f�»�Y�•�Z�a ���•�Y ���É�{�Y�|� �e ���¥�~�u�����É�Z�Å

�È�˜�]�Y�•���,�|�¿�{�Â�]���d�]�Z�i���Š�Å�Á�„�a���¾�Ë�Y���•�{���Ã�|�‹���¹�Z�n�¿�Y���������������������É�Y�€�]

�Ä�¯���|�Ë�{�€�³���µ�Z�•�v�f�‡�Y���Ê�´�f�ˆ�Œ�]�M���€�j�¯�Y�|�u���ª�¼�Ÿ������
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Impact of Establishment Distance of Permeable Protective Groyne on 
Local Scouring Depth Control of the Nose on a Series of Vertical 

Impermeable Groynes 

Hossein Khodakarami1, ��Saeed Abbasi2*  

 

Abstract 

One of the most important criteria for designing groynes is the stability of groynes during floods 
passing around them. To be able to protect the riverbank, the groynes should maintain their 
stability over the years. One of the main reasons for groynes instability is the local scouring 
around them. In this study, to protect and reduce the maximum local scouring depth of the nose 
of a series of impermeable groynes, a permeable protective groyne (PPG) is installed upstream. 
For this purpose, the maximum local erosion depth of the nose of series of impermeable groynes 
was determined under laboratory conditions and the scour depth in two cases without protective 
groyne and with protective groyne at five different distances i.e. L', 1.5L', 2L', 2.5L', 3L' (L': 
Protective groyne Length) at the upstream side of the first groyn was determined and 
evaluated. The results show that the establishment of permeable protective groyne at the upstream 
of a series of impermeable groynes with equal length at 3L' distance from the first groynes 
reduces the maximum local scouring depth of the first groyne by 34.3% at 3L' distance from the 
first groynes. 

Keywords: Local Scour, Permeable Protective Groyne, Series of Groynes, Equal length  
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Abstract  
One of the most important criteria for designing groynes is the stability of 
groynes during floods passing around them. To be able to protect the 
riverbank, the groynes should maintain their stability over the years. One 
of the main reasons for groynes instability is the local scouring around 
them. In this study, to protect and reduce the maximum local scouring 
depth of the nose of a series of impermeable groynes, a permeable 
protective groyne (PPG) is installed upstream. For this purpose, the 
maximum local erosion depth of the nose of series of impermeable 
groynes was determined under laboratory conditions and the scour depth 
in two cases without protective groyne and with protective groyne at five 
different distances i.e. L', 1.5L', 2L', 2.5L', 3L' (L': Protective groyne 
Length) at the upstream side of the first groyn was determined and 
evaluated. The results show that the establishment of permeable protective 
groyne at the upstream of a series of impermeable groynes with equal 
length at 3L' distance from the first groynes reduces the maximum local 
scouring depth of the first groyne by 34.3% at 3L' distance from the first 
groynes. 

Keywords: 
��Local Scour, 
Permeable Protective 
Groyne, Series of 
Groynes, Equal length 
 
 

1. Introduction  
So far, many studies have been done on the phenomenon of scouring and methods to prevention it on 
abutments, groynes and piers. Methods of preventing the riverbank scouring are divided into two 
general categories: a) Direct methods that reduce the movement of particles by retrofitting bed, such as 
beached bank, precast concrete parts and gabions b) Indirect methods that change the flow pattern to 
move the flow away from the base of the pier or groyne, such as use protective groyne, collar and 
submerged vanes. Many researchers including Garde et al. (1961), Melville (1992), Rahman (2003), 
Saneie (2006), Ghodsian et al. (2009), Kadota and Suzuki (2010), Osman and Saeed (2012), Dehghani 
et al. (2013) and Vaghefi et al. (2017) have studied the pattern of erosion and sedimentation, the local 
scouring groynes under different conditions. One way to reduce local scouring in groynes is to use 
protective groyne at the upstream.  
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2. Materials and Methods 
The experiments were performed inside a straight channel with specifications of length 5 m, width and 
height of 0.3 m and bed slopeof of 0.01 m. At the beginning of the channel, chaff and perforated plate 
were used to prevent of transfer the turbulent flow of the output from the pump and to relaxation the 
inlet flow to the channel. The bed of the canal was leveled with coarse aggregates of 3 m long from the 
beginning and 0.9 m from the end so that this part of the canal would behave as a nonerodible bed. The 
remaining part of the flume was leveled with uniformly graded sediments. In all experiments, groynes 
were unsubmerged and a spillway at the end of the flume was used to adjust the water height on the 
bed. for investigation motion threshold conditions and determine the size of the materials in the erodible 
bed of equations (1) and (2) Melville (1997) have been used to calculate the shear velocity. 

���ú��   

 

���û��   

Which in the above relations are: � � � � critical shear velocity, � � � �critical velocity, � � � �average 
diameter particles of the bed. 

In these experiments, the flow depth was determined to be 5.5 cm. The size of materials with an average 
diameter of 0.82 mm, with a standard deviation of 1.25 and a specific density of 2.63 was selected. 
Experiments were performed under clear water conditions, without protective groyne and with 
protective groyne at five distances i.e. L', 1.5L', 2L', 2.5L', 3L' (L': Protective groyne Length) at the 
upstream side of the first groyne with constant discharge (2 Lit/s) and bed with uniform granulation. In 
this study, the change in the distance of the permeable protective groyne from the series of impermeable 
groynes is considered as a variable.  

3. Results 
For the first groyne of the series of groyne s of equal length, the placement of a protective groyne at a 
distance of 3L ' reduced the maximum scouring depth of the first groyne by 34.3%. The distance 
corresponding to the minimum scouring depth for the protective groyne is 1.5L'-3L ' from the first 
groyne for the groyne series of equal length. In the first groyne of the series of groyne s of equal length, 
deployment of a protective groyne has reduced the volume of the scouring cavity by 75.4% at a distance 
of 3L ' from the first groyne. Placement of a protective groyne at a distance of 3L ' from the first groyne 
reduces the length of the rinsing cavity in the first groyne of the series of groyne s of equal length by 
reducing the length of the groyne by 35.3%. 

4. Discussion and Conclusion 
According to the results, the maximum scouring depth has decreased in the state with the protective 
groyne compared to the state without the protective groyne. The positive effect of protective groyne on 
erosion control under the first groyne is about 3�ý���ü% due to the deviation of flow lines and prevention 
of direct contact of part of the flow with the first groyne. As a result, horseshoe and upright vortices 
will have less energy to cause scouring. After the distance 1.5L' of the protective groyne, no significant 
changes occur at the maximum scouring depth. For the second groyne, Maximum sedimentary ridge 
height occurred for the distance of 1.5L' protective groyne from the first groyne, the reason for this can 
be seen in moving away of the flow lines from groyne nose and the reduction of the kinetic energy of 
the flow. In the third groyne, no significant change in the maximum scouring depth occurred after 
deployment of the protective groyne. The reason for this can be considered the function of the first and 
second groynes as a protective groyne for the third groyne, which causes the flow lines to moveing 
away from the groyne nose. 
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