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1. Introduction

The flow pattern of Meander Rivers is very complicated due to the presence of a helicoidally flow. This
complexity, in addition to the turbulence and three-dimensional nature of the flow, is due to bed topographical
changes. Bridges are among the most important and most productive of riverine structures that have great
importance in road construction.

2. Methodology

All experiments were carried out in the Advanced Hydraulic Structures Laboratory of Persian Gulf
University. The channel is bend with 180 degree angle and width 1 meter. The relative radius of the bend equals
two which as a result, puts the bend in the category of sharp bends. (Leschziner and Rodi 1979). The length of
the initial straight path (before the bend) is 6.5 meters, the straight path length after the bend is 5 meters and
the channel height is 90 cm. Accordingly, U/UC = 0.98 was calculated.

To calculate the equilibrium time of experiments, a long experiment was performed for a period of 44 hours
on a single vertical pier at 90 degree bend (PT test). In the first 9 hours, 90% scouring occurs. Therefore, in all
experiments, the test time was considered to be 9 hours. The second experiment, without pier or as an empty
bend, was used to determine the scour situation in the bend and the third experiment was investigated with
the presence of a single vertical pier at the bend, which was reported respectively with NP and P. Two other
experiments were performed by installing submerged vanes with a Submergence percentage of 0.75, a length
7.5 cm, a thickness 1 cm, as was recommended by Odgaard and Wang (1991), and the 25 degree angle to the
horizon and center of the vanes in the middle of the channel (50% channel width of the inner bank) at 90 degree
from the beginning of the bend which is reported with V and 2V symbols. In the V test of a single vane and in
the 2V test, two vanes with a 100% overlap length and center-to-center spacing of the vanes with each other
along the perpendicular to the flow direction 5 cm which is equivalent to the pier diameter.

3. Results and discussion

The main purpose of this paper is an experimental comparison of the scouring in 180 degree relative to the
position of single and dual submerged vanes or single bridge pier in the same position and comparison with
the bend without structure. In the p test was observed that the scour depth maximum was 75% and the
maximum level of sediment was 66% flow depth at the beginning of the bend. The amount of scouring was
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measured at a maximum 91 degree angle around the bridge pier, and the highest sedimentation is occurred at
171 degree angle and at 22% distance from the inner bank. During the experiments, bed topography changes
related to this experiment were observed. In Fig (1), the bed topography is presented in experiments on
submerged vanes. By installing submerged vanes in the middle of the bend at 90 degree position, it is observed
that after the water crashes into the submerged vanes, the flow is formed toward downstream and the
sediment particles are separated from the bed in this area that is due to the dynamic pressure in submerged
vanes upstream, The scouring process starts from the beginning of the vanes and extends to the end of the
vanes. Part of the sediments due to the submerged vane scouring is displaced to the inner bank of the channel
and the other part of vanes sediments are accumulated in front of the vanes, or during the time, scour occurs
and moves toward downward.

The different behavior of the scouring pattern in these experiments (V and 2V) shows that changing the
number of submerged vanes in addition to reducing or increasing the scouring depth, can change the scouring
pattern. For example, the width of the scour hole across the channel of the V test is 57% higher than the 2V test.
The second scour

Secondary scour hole
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Fig. 1. Bed topography in experiment: a) V, b) 2V, with a magnification around the submerged vanes at 90 degree position

The hole of the V test is formed in the vicinity of the outer bank, but a contrary expectation, the second hole
of the 2V test scouring is formed in the vicinity of the inner bank. Sedimentary deposits are formed alternately
in the vanes upstream and downstream near to the inner bank.

These deposits reach the maximum value in V and V2 at the 136 and 61.5 degree angle from the beginning
of the bend, and at a distance of 9% channel width from the inner bank and tangent to the inner bank, that is
0.58 and 0.52 of flow depth in the upstream straight line. It can be seen that the scouring hole around the vanes
in both tests acts on the downstream side of the structure axis contrary to the P test and tends towards the
inner bank that is due to the deployment of vanes with a 25 degree angle to the horizon. The scour depth
maximum in the V test is 1.2 times the scour depth maximum of the 2V test. One of the important points is the
direct relationship between the area of the sediment formation and the scour area. In all tests, it is observed
that scouring material is accumulated around the inner bank.

4. Conclusions

The highest and lowest scour holes' volume around the structures in P, 2V tests were measured, 169 and 7
times the third power of the pier diameter respectively.
The length and width maximum of the environmental rectangle on the main scour hole is related to the P test
which is 18 and 17 times the diameter of the pier respectively.
The width of the V scour hole over the channel is greater than the 2V test.
The lowest scour area is related to the 2V test and V tests are in the next category that scour area is 107.5 and
126 times the second power of the pier diameter, respectively.
The highest height level equivalent to 66% flow depth occurs at the beginning of the bend in the P test. Also,
the least amount of sedimentation occurs in the 2V test which is equal to 52% flow depth at the beginning of
the bend.
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