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Introduction

Due to scouring problems in impermeable spur dikes, which compromise structural strength and
stability and as a result repair and maintenance costs increase, an alternative method of scouring is
needed to protect the river bank. In this area, bandal-like structure can be used. This structure is a
combination of an impermeable spur dike and a permeable spur dike. The upper part is impermeable
causes the upper half of the flow run towards the center and the inner wall and the lower part is
permeable enabling the lower half of the stream passes through it (Rahman et al., 2003a, b). The lower
part causes the flow to slow down and reduces speed, and because the flow near the bed has a higher
concentration, it leads to settling sediments in the downstream of the river near the coast. On the other
hand, because of the flow through the lower half, the power of downstream flows are reduced compared
to the impermeable spur dike and the horseshoe vortices are vanished. Therefore, the scouring rate in
the bandal-like structure is less than the impermeable spur dike (Zhang et al., 2010; Teraguchi et al.,
2011b)

Regarding that the scouring rate, the bandal-like structure is less than an impermeable spur dike
therefore, its use has been suggested by some researchers. Since the sedimentation rate behind the
bandal-like structure is less than the impermeable spur dike, in the present study, a new structure called
the wedge bandal-like is proposed to enhance the sedimentation of the bandal-like. Wedge bandal-like
structure is constructed of a bandal-like structure and a repellent impermeable triangular spur dike. The
purpose of using this structure is to use both the advantages of the bandal-like structure as well as the
benefits of repellent impermeable triangular spur dike, for deviation of flow and sediment transport to
the back of the structure and sedimentation. Both structures cause the secondary flow of the surface to
move towards the outer arc before moving to the outer shore down the bottom and practically shore
the coastal tail into middle areas.
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Methodology

In the experiment study in order to increase the sedimentation behind bandal-like structure, a new

structure called wedge bandal-like has been introduced and proposed and bed topography around
wedge bandal-like, bandal-like and spur dike impermeable have been investigated in a physical model
at 180 degree bend in non-submerged and clear water conditions. The sediments used in this study
were silica sand with a relative density of 2.65 and a mean particle size of 0.881 mm. The experiments
were performed for three Froude number 0.20, 0.22 and 0.24 at a constant depth of 12 cm.

Results and discusspn

In each of the three Froude number, the maximum relative scour depth in the wedge bandal-like
structure is less than that of the impermeable spur dike.

For the Froude number of 0.20, the maximum relative scour depth in the bandal-like structure and
the wedge bandal-like structure compared to the impermeable spur dike is 78 and 45% respectively
foe the Froude number of 0.22, 69 and 32% respectively, and for the Froude number of 0.24,
decreased by 59 and 18% respectively.

As the Froude number increased, the relative volume of scouring increases in all three types of
structures. Because, by increasing the Froude number the flow rate increases and as a result, the
shear stress applied by the flow as well as the volume of scouring increase.

For the Froude number of 0.20, the relative scouring volume in the bandal-like structure and the
wedge bandal-like structure compared to the impermeable spur dike were 80 and 78% respectively,
for the Froude number 0.22, 90 and 68%, but for the Froude number of 0.24 they decreased by 89
and 65% respectively.

As the Froude number increased, the maximum relative sedimentation height in the wedge bandal-
like structure increased compared to the impermeable spur dike and the bandal-like structure. The
higher degree of the maximum sedimentation height of the wedge bandal-like structure compared
to impermeable spur dike is an important point for this structure.

For the Froude number of 0.20, the maximum relative sedimentation height in the bandal-like
structure and the wedge bandal-like structure compared to the impermeable spur dike were reduced
by 65 and 32%, respectively. However, for Froude numbers of 0.22 and 0.24, the maximum relative
sedimentation height in the bandal-like structure compared to the impermeable spur dike was
reduced by 54 and 25% respectively.

For the Froude numbers 0.20, 0.22 and 0.24, the maximum relative sedimentation height in the
wedge bandal-like structure compared to the bandal-like structure were increased by 92, 132 and
107%, respectively; which shows that the combination of the bandal-like structure with an repellent
impermeable triangular spur dike significantly increases the sedimentation rate compared to the
bandal-like structure, that is the purpose of the present study.

The relative length of sedimentation for the are corresponds to the curvature radius of the maximum
sedimentation height in the wedge bandal-like structure compared to the impermeable spur dike;
and the bandal-like structure in the Froude number of 0.24 increased by 18 and 271% respectively.
In the wedge bandal-like structure, the maximum scour depth and its extent occurred before the
structure, and its value was less than the impermeable spur dike. In the impermeable spur dike, the
maximum scour depth was observed before the structure, but in the bandal-like structure, the
maximum scour depth occurred after the structure with more of its extension at the back of the
structure.

The maximum scour depth in a wedge bandal-like structure compared to the impermeable spur dike
and the bandal-like structure has been created at a distance farther from the outer arc and the position
of the structure.

In the wedge bandal-like structure, sedimentary stack was created along and near the outer arc with
longer length and better shape.
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Conclusions

As seen above, for all three Froude numbers, the maximum relative scour depth and the relative
scouring volume in the wedge bandal-like structure were less than the impermeable spur dike. The
maximum relative sedimentation height for the three Froude number was higher in the wedge bandal-
like structure than the impermeable spur dike and the bandal-like structure. It is therefore seen that the
construction of a part of the structure of the bandal-like structure in the form of a wedge in the study
called the wedge bandal-like structure compared to the impermeable spur dike and the bandal-like
structure provides more sedimentation both at elevation and in length and width, which indicates a
greater concentration of sedimentation. The maximum scour depth in a wedge bandal-like structure
compared to the impermeable spur dike and the bandal-like structure has been created at a distance
farther from the outer arc and the position of the structure, therefore more durability will be exploited
over time.
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