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against the erosion. Spur dikes are generally built perpendicular or at an
angle to the river bank or revetment, protruding into the watercourse. The
effect of the geometrical characteristics of the hockey spur dikes on
formation developing of scour hole has been rarely studied. Spur dikes. The
current study aims to evaluate the effect of the length of the hockey spur
dike on the formation and development of scour hole and comparing with
that effect in L-shaped spur dike. In this direction, all experiments were
done in clear water conditions using the spur dikes in length of 8 cm and
12 cm and in a laboratory flume. The results asserted that the dimensions
of the scour hole and the length and thickness of the sedimentary hill were
increased by raising the length of the spur dike. However, this increment
was lower in hockey spur dike than the L-shaped spur dike. The maximum
depth, area and the volume of the scour hole were also increased by raising
the length of the spur dikes. This increment in-average was equal to 57.5
and 67.7 per cent in L-shaped spur dikes and equal to 33.3 and 42 per cent
in hockey spur dikes for two different lengths of spur dikes. Furthermore,
no scouring was observed in downstream section of the hockey spur dikes
near the wall. Therefore, the dimensions of the scour hole around the
hockey spur dike was lower than those in the L-shaped spur dikes.

1. Introduction

The main purpose of river spur dikes as a river-training structure, is to prevent bank erosion. By
developing of a rotational flow area around the spur dike, sediment deposition to sides of river will
occurred. While scouring is a main factor of failure to the spur dike structures, the phenomenon of
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sedimentation downstream of the river will be the natural way for stabilizing the river walls in the
desired direction. Usually, the amount of local scour is much higher than the general scour of the bed
and this scour is the main cause of degradation of many spur dikes. For this reason, estimating the
amount of this maximum scour is very important to design of spur dikes structure. Many researches
have been conducted on the scour pattern around spur dikes so far, but little laboratory research has
been done on the scour pattern around polo spur dike. Ghodsian and Hoseini (2001) investigated the
characteristics of the scour hole around the spur dike and provided relationships to estimate the
maximum scour depth, the amount of upstream scour expansion, in the downstream direction and in the
direction of the spur dike axis. Ghodsian and Vaghefi (2009) conducted a laboratory study on the scour
and the flow field around the T-shaped spur dike in the 90 ° channel bend. They results showed that
with increasing Froud number, spur dike length and decreasing spur dike wing length, scouring depth
increases. El-Rashedy et al., (2018) conducted experiments to estimate the maximum scour depth in
different forms of scour such as polo, straight, straight with round nose, L-shaped, T-shaped. The results
showed that the maximum scour depth occurs in the straight spur dike nose, then L-shaped, straight-
shaped with a rounded nose, T-shaped and polo spur dike. Nath and Misra (2017) investigated local
scour around a single spur dike with three different opening ratios of 0.82, 0.85 and 0.88. They
concluded that by decreasing the opening ratio, all relative scour parameters increased. Studies have
shown that by increasing the spur dike length, the scour rate increases and the curvy shape of the polo
spur dike nose causes the flow to swerve smoothly and the flow turbulence in the nose is less, so due to
its advantages, it can replace other forms of spur dike introduced.

2.  Materials and Methods
All experiments were carried out in the hydraulic laboratory of the Department of Water Engineering,
Faculty of Agriculture, Bu Ali Sina University of Hamadan, in a flume with a 10.5 m long, width and
0.5 m wide. Flume height from laboratory floor was 1.3 m and bed floor slope was 0.001. The flume
floor material of the galvanized sheet and the walls are made of

glass.
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B) L-shaped spur dike series A) hockey spur dike series
Figure 1- View of hockey and L-shaped spur dike series with sediment bed

The spur dikes used in this study are impermeable and non-submerged by iron sheet with a thickness
of 2 mm and different lengths of 8 and 12 cm. These values are less than a third of the width of the
channel as suggested by Petersen, (1986) for the spur dike. Considering the width of the canal (50 cm)
and the use of spur dikes with lengths of 8 and 12 cm, we have investigated two (L/B) of 15% and 25%.
The distance from the installation site of the first spur dike to the beginning of the canal was considered
to be 4.75 m so that the possible disturbance at the entrance of the canal did not reach the spur dike site.
In this study, uniform

Materials of river natural sand with an average diameter of 0.84 mm and geometric standard deviation

(r1g) of 1.4 were used (Fig. 2-A). Canal floor with height of 0.15 m and length of 2.5 m is filled by
sediments. Experiments have been carried out in clear water mode. The balance time has been
considered experimentally about 5 hours. (Fig. 2-B).
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Figure 2 - A) Sediment granulation curve and B) Diagram of changes in scour depth with time to determine the
equilibrium time

In order to find the relationship between the factors affecting scour in the nose of polo and L-shaped
spur dike, dimensional analysis has been performed on the effective parameters. Factors influencing
this field are: Channel width (B), Channel width in spur dike section (B,), Channel longitudinal slope
(S,), spur dike length (L), spur dike tab length (L), spur dike angle (8), Average flow velocity before
spur dike section (u), Flow depth (h), Scour depth at spur dike nose (h), Gravity acceleration (g),
Medium diameter (ds), Particle density (ps), Deviation of particle size distribution criterion (a,), Fluid
mass (p), Dynamic viscosity (i), Using the n-Buckingham method and the stability of some parameters,
the relationship between the dimensionless parameters is obtained as follows:

F=1(5Fr) (1)

3. Results

Results showed that as the length of the spur dikes increases, the length and thickness of the sedimentary
ridge downstream of the spur dikes increases and the length and thickness of the sedimentary ridge
downstream of the hockey spur dikes are less than the L-shaped spur dikes. The average scour depth in
L-shaped and hockey spur dikes increases by 44 and 15% with increasing length, respectively. With
increasing the length of L-shaped spur dikes from 8 to 12 cm, the average scour area increases by 57.5%
and the average scour volume increases by 67.7%, while with increasing the length of hockey spur dikes
from 8 to 12 cm, the average area and Scour volume increases by 33.3% and 42%, respectively.
Downstream of the hockey spur dike near the wall of the canal, no scouring has been done, which is
better used to protect the wall and improve the course of the river than the L-shaped spur dike.

4.  Discussion and Conclusion

In this article, by conducting laboratory studies, the effect of hockey length spur dike on scour rate and
its comparison with L-shaped spur dike has been investigated. The results showed that as the spur dike
length increases, the dimensions of the scouring whole (maximum depth, maximum width, upstream
and downstream length) increase, and the dimensions of the scouring hole around the hockey spur dike
are smaller than the L-shaped spur dike. Furthermore, no scouring was observed in downstream section
of the hockey spur dikes near the wall. Therefore, the dimensions of the scour hole around the hockey
spur dike was lower than those in the L-shaped spur dikes.
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Experimental Study Effect of Length on Local Scouring around Hockey
and L-shaped Spur Dikes

Sajad Bajelvand' :Saeed Gohari**: Majid Haydari"

Abstract

Spur dikes are structures that constructed for protection of the river walls against the erosion. Spur dikes
are generally built perpendicular or at an angle to the river bank or revetment, protruding into the
watercourse. The effect of the geometrical characteristics of the hockey spur dikes on formation
developing of scour hole has been rarely studied. Spur dikes. The current study aims to evaluate the
effect of the length of the hockey spur dike on the formation and development of scour hole and
comparing with that effect in L-shaped spur dike. In this direction, all experiments were done in clear
water conditions using the spur dikes in length of 8 cm and 12 cm and in a laboratory flume. The results
asserted that the dimensions of the scour hole and the length and thickness of the sedimentary hill were
increased by raising the length of the spur dike. However, this increment was lower in hockey spur dike
than the L-shaped spur dike. The maximum depth, area and the volume of the scour hole were also
increased by raising the length of the spur dikes. This increment in-average was equal to 57.5 and 67.7
per cent in L-shaped spur dikes and equal to 33.3 and 42 per cent in hockey spur dikes for two different
lengths of spur dikes. Furthermore, no scouring was observed in downstream section of the hockey spur
dikes near the wall. Therefore, the dimensions of the scour hole around the hockey spur dike was lower
than those in the L-shaped spur dikes.

Keywords: Series Hockey Spur Dikes, Series L-Shaped Spur Dikes, Scour, Spur Dike Length,
Experimental Model, Bed Topography
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