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1. Introduction

Spur dikes are one of the best and most economical methods for bank protection in river bends and they
are used in most parts of the world. The scour around the spur dike may lead to the destruction of the spur
dike. Therefore Most of the previous investigators have published experimental data on the various aspects
of the local scour around impermeable spur dikes. Less attention has been paid to permeable groins which
can be used to minimize the occurrence of deeper erosion around the groins and reduce the flow velocity
near the bank adjusting the permeability of the structure and consequently reducing the bank erosion.
Bandal-like structure is a low cost alternative. It is usually used to maintain the navigation conditions in
alluvial rivers at Indian Sub-Continents. The bandal-like structure is a combination of a permeable and
impermeable groin. The effects of the bandal-like structures on river morphology have been verified through
few studies including field investigations and laboratory experiments. Such as Rahman et al. (2004, 2005),
Zhang et al. (2010) and Teraguchi et al. (5010, 2011) the results of these investigations showed that bandal-
like structures have less erosion around the structure compared to impermeable groins and have more
deposition near the bank and form a deeper main channel compared to permeable groins. All of the previous
investigations on bandal-like structures were in straight channels and there have been very few
investigations regarding bandal-like structures in submerged conditions therefore in this study the effect of
three different types of spur dikes (permeable, impermeable and bandal-like) on the bed topography in a 90
degree bend, under four different Froude numbers (0.21, 0.23, 0.26, 0.29) and in submerged condition is
examined and compared.

2. Experimental setup

The experiments were carried out in a 90 degree bend flume with 70 cm width and (R/B) = 4, at the
hydraulic models laboratory of the faculty of water science and engineering of Shahid Chamran University of
Ahwaz, Iran. The straight channel lengths at the upstream and downstream of the bend were 5m and 3m
respectively. The flow depth was determined using a slide gate that was located at the end of the flume and
the flow discharge was measured using an ultrasonic discharge meter. A series of 9 structures were placed in
the flume and embedded in sediments of natural sand with mean diameter equal to 1.5mm and relative
density equal to 1.22, the depth of the sand in the flume was 22 cm. The structures were 14cm long which is
equal to 20% of the channel width and the distance between the structures was 4 times the length of the
structure. The height of the structures was 8.5 cm. The first structure was an impermeable spurdike and was
placed with a 135 degree angle from the upstream and was used as a sacrifice structure, because normally in
river bends extreme scour occurs at the nose of the first structure and can eventually damage or destroy the
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structure. The rest of the structures were placed with a 90 degree angle in the flume. Three types of spur
dikes (permeable, inpermeable and bandal-like) were experimented under four different Froude numbers
(0.21, 0.23, 0.26, 0.29). The impermeable spur dikes were made with plexy glass with 1cm thickness and the
The permeable structures were made by steel roll piles with 4.0mm-diameters on a plexy glass base plate. As
a practical rule the blockage of the flow section should be about 50% in order to maintain the flow
acceleration. The bandal-like structures used in experiments were prepared using a plexy glass plate and
steel roll piles. The lower part of the plexy plate was inclined 30 degrees with the vertical axis to the
upstream direction to direct the flux deviated by the plate to the main channel direction. In all the
experiments the water depth was 14 cm. Each experimental case was carried out under clear water condition
and for 3 hours, which is the time necessary to reach the dynamic equilibrium condition based on previous
test experiments. Firstly the surface was leveled then, while the end gate of the flume was closed, flow
entered the flume gradually to avoid sudden removal of bed sediment materials. The flow discharge was
increased by opening the inflow valve to reach the desired discharge. After stabilizing the flow discharge, the
flume end gate was opened gradually to reach the desired water level. These conditions were preserved
steadily for three hours. At the end of each experiment first the end gate was closed and the inflow valve was
closed. Then the end gate was slowly opened to completely discharge water from the flume. After the water
was completely drained, the bed profile was taken using a laser meter.

3. Results and discussion
3.1. The variation of bed topography around the structures
3.2. Scour at the nose of the spur dikes

In all the experiments the flow hits the sacrifice spur dike and is diverted to the center of the channel.
Therefore the outer bank is protected from erosion. In the channel bend after the 60 degree angle, due to the
effect of centrifugal forces, the flow is diverted towards the outer bank. Which leads to a sudden increase in
the scour depth around the fifth, sixth, seventh and eighth structures. The eighth structure which is located
downstream of the bend has the highest scour depth therefore the eighth structure is the critical spur dike. In
all the experiments the sedimentation in the inner bank starts from the 45 degree angle and in all the
experiments the maximum sedimentation occurs in the 85-90 degree angle of the bend. The impact of flow
patterns in the impermeable groins case on the bed deformation is higher than the bandal-like and permeable
structures. Due to the formation of downward flow, which is responsible for deeper local scour and can cause
risks for the safety of the structure. By analyzing the effects of permeable groins on the bed deformation, it is
clear that small erosion occurs around the structures which is due to the reduction of flow velocity that
passes the structure. The bandal-like structure shows intermediate results considering the local scour around
the structures. The scour depth around the bandal-like structure is much smaller than the impermeable
groins case, which is an important characteristic of bandal-like structure to reduce the erosion around the
structures. Also the bandal-like structure forms a deeper channel for navigation compared to the permeable
spur dikes.

3.2. Scour at the nose of the spur dikes

Fig. 1 shows the variation of the bed topography for different types of spur dikes (impermeable,
permeable and bandal-like) with different Froude numbers, in the width of the channel where the critical
spur dike is located. According to Fig. 1 in the permeable spur dikes the maximum scour depth occurs close to
the outer wall where in the impermeable and bandal-like case the maximum scour depth occurs at the nose of
the spur dike (y/B) = 0.2. Fig. 1 also shows that the impermeable spur dike has the maximum scour depth
around the structure and the maximum sedimentation in the inner bend. The impermeable spur dike case
shows very little variation in the bed topography in all Froude numbers. The maximum scour depth around
the bandal-like structure is considerably less than the maximum scour depth around the impermeable spur
dikes for example in the 0.29 Froude number the maximum scour depth around the bandal-like structure is
64% less than the maximum scour depth around the impermeable spur dike.
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Fig 1. Bed topography in Froude number 0.26. A: Permeable spur dike, B: Bandal-like spur dike, C: Impermeable spur dike
(cm)

4. Conclusion

In this research the effect of three different types of spur dikes (permeable, impermeable and bandal-like)
with 8.5 cm height and under four different Froude numbers (0.21, 0.23, 0.26, 0.29) on the bed topography in
a 90 degree bend and in submerged condition has been examined and compared. The results showed that the
bandal-like structure shows promising results compared to the permeable and impermeable spur dikes. The
maximum scour depth around the bandal-like structure is considerably less than the maximum scour depth
around the impermeable spur dikes for example in the 0.29 Froude number the maximum scour depth
around the bandal-like structure is 64% less than the maximum scour depth around the impermeable spur
dike. Also the bandal-like structure forms a deeper channel for navigation compared to the permeable spur
dike.
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