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Introduction

Spur dikes are one of the coastal protection methods. Bandal- like is a local type of spur dikes that
would be constructed to improve the water depth for navigation in alluvial rivers. This is a new type of
spur dike that is a combination of permeable and impermeable spur dike. The goal of this study was to
investigation the effect of Bandal-like spur dike submergence on bed topography. For this purpose,
Bandal-like was tested with 3 submergence ratios of (1/16,1/65,2/15) and different hydraulic
conditions (0.22,0.235,0.26 and 0.29 Froud number) in mild 90 degree bend. The result show that by
increasing of the submergence ratio, scouring around Bandal-like increase too. Also, the results
showed that by increasing of the Froude number and densiometric Froude number, the maximum
scour depth increases too The investigation of the maximum scour showed that the location of
scouring does not match the shear stress pattern in mild bends.

Methodology

The experiments were carried out in Physical Models Laboratory of faculty of water science and
engineering of Shahid Chamran university of Iran. The length of the direct channel in the upstream
bend is 5 meters and at the bottom of the bend is 3 meters. Figure (1) shows the schematic of the
experimental flume.
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Figurel. Schematic of experimentai flume
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In this research, nine structures were placed in series inside the flume. Substrate sediments of natural
sand with a mean size of 1.5 mm and standard deviation equivalent to 1.22 inches and expanded in a
layer at a thickness of 22 cm on the floor of the flume. The length of the structures was 14 cm
(equivalent to 20% of the flume width ) and their spacing was 4 times the effective length of the
structure. In all experiments, the first spur dike is intrusive and placed at an angle of 135 degrees from
the upstream and in fact plays the role of a protective spur dike. Experimental tests are performed
under various hydraulic characteristics. Three types of dikes are provided. Heights of dikes are 6.5,
8.5, and 12 centimeters and the width of dikes is 20 percent of the flume width. The flow rates are 25,
27, 30, and 33 liters per second. Froude numbers are 0.21, 0.23, 0.26, and 0.29.

Table (1) presents the pattern of tests.

Tablel- The pattern of tests

Froud discharge Depth Submergence  Height of spur dike
numbers (lit/s) of Permeability ratio (cm)
water(y)  percentage (y/h)
(cm)
0.22-0.23- 25-27-30- 14 50% 2.15 6.5
50% 1.16 12

Results and Discussion
In order to investigate the effect of the Bandal like spur dike submergence on the maximum scour
depth, we plotted the maximum scour depth versus the Froude number.
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Fig2- Relationship between maximum scour depth and flow Froude number

As shown in Fig. 2, for all landing numbers, with the increase of the submergence of the structure,
the maximum scour depth is also increased.
For example, in the Froude number of 0.22 structures with the highest ratio of submerging (2.15), it
has the highest scour depth, which is 36% and 64.5% higher than those with a submersion ratio of 1.65
and 1.16, respectively.

In order to investigate the effect of submerged structure of the spur dike on the maximum scour
depth, we plotted the maximum scour depth versus the densiometric Froude number.
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Fig3- Relationship between maximum scour depth and densiometric Froude number.

As shown in Fig. 3, for all Froude numbers, with the increase of the submergence of the structure, the
maximum scour depth is also increased. For example, in the Froude number of 0.19, the structure with
the highest ratio of submergence (2.15) has the highest scour depth, which is 36% and 64.5% higher
than those with other submerging ratios, respectively.

Conclusions

In this research, the effect of the Bandal like structure submergence on the bed topography changes
in 90 ° degree bend and under submerged conditions for three submersion ratios (1.16, 1.65, 2.15) and
under four different Froude numbers (0.22,0.23,0.26,0.29) were studied. The results showed that:

v" Submergence of the structure has a significant effect on the bed's topography and the maximum
scour depth around the Bandal-like structure, and as the structure is submerging, the maximum
depth of scour around the structure also increases.

v’ By increasing of the Froude number and the densiometric number, the maximum scour depth is
increased as well.

v By increasing of the structure height (decreasing submergence), the sedimentation increases.



