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Introduction

The main causes of scouring and erosion of the river’s bed and banks are the interaction of secondary
flows and the sediment bed particles. Bank erosion causes disturbance of private and public lands,
damages aquatic and riparian ecosystems, and degrades water quality. In addition, the eroded
sediments will deposit downstream in front of intakes, flood control and navigation channels and
valuable wetland areas (Biedenharn et al, 1997; Julien, 2002).

Numerous studies have been conducted on the pattern of flow, erosion and deposition in bend and
in the presence of banks protection structures. One of the structures that has been used in recent years
is the use of six-leg concrete elements called A-Jack. In recent years, some studies have been
conducted on the use of these components to control the pier and abutment scour bridge. In late 1998
and early 1999, a series of 54 tests of 6-inch model scale A-Jacks was conducted at Colorado State
University (CSU) to examine their effectiveness in pier scour applications. This program is described
in detail in CSU’s test report entitled, "Laboratory Testing of A-Jacks Units for Inland Applications:
Pier Scour Protection Testing" (Thornton et al. 1999a and b). So far, no comprehensive research has
been done on the effectiveness of these elements as controllers of banks toe erosion. Therefore, the
purpose of this study is to investigate the effect of the geometry of the submerged wall constructed
by six-leg elements on bed topography of a flume bend.

Methodology

The experiments were conducted in a 90-degree laboratory flume bend of constant width, b = 70
cm. The bend is connected to an upstream straight reach 5 m long and a downstream straight reach 3
m long. Also, the ratio of the curvature’s radius to the flume’s width (r/b) equals 4. The inner and
outer radius of the bend are 2.45 and 3.15 meters, respectively. The flume sidewalls were made of
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plexiglass. A slide gate was installed at the end of the channel to control the flow depth. Sediments in
a layer 20 cm thick are made of sand with mean diameter of d50=1.5 mm and a geometric standard
deviation equal to 1.22. The experiments were carried out in four different flow discharges 30, 33, 36
and 39 lit/s (corresponding to particle Froude numbers 2.5, 2.75, 3, 3.25) with a constant depth of 11
cm. The six-leg elements used in this research are made of concrete. The wall installed at a distance
of 7 cm from the outer bank and the effective height of the elements is 4 cm.

In this study, the topography of the bed without and with the presence of submerged wall made
with six-leg elements has been studied and the effect of the number of rows of wall placement (single
row, two rows, three rows) as well as the relative length of wall placement ( 0.5, 0.333 and 0.166)
have been investigated.

Conclusion

In all experiments of this study, the scour between the submerged wall and the outer bank was
negligible and the wall was able to decrease the scour of the outer bank by about 100% compared to
the baseline experiment and has caused the river Thalweg to move away from the outer bank. As the
flow conditions and the particle Froud number increase, the maximum scour depth changes to the
upper part of the structure and can endanger the stability of the outer bank, However, due to the
impact of the wall, it has shifted to the middle of the channel and continued down the wall. As
observed, the performance of a submerged wall with a relative length of 0.5, is better than that with a
relative length of 0.333. Also, the use of a submerged wall with a relatively short length (0.166) is
only justified for particle Froude numbers less than 2.5 and for the protection of a short section of the
bend.

A comparison of the number of rows also showed that scouring in the three-row condition has
increased compared to single-row and two-row walls, due to the reduction of the flow cross-section
area and a further increase in velocity and shear stress on sediments.
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Fig.5- Bed topography changes for one row submerged wall In three different relative lengths (0.5,
0.333 and 0.166) and particle Froud numbers 2.5 and 3.25
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Fig. 6- Bed topography changes for two row submerged wall In three different relative lengths
(0.5, 0.333 and 0.166) and particle Froud numbers 2.5 and 3.25
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Fig.7- Bed topography changes for three row submerged wall In three different relative lengths
(0.5, 0.333 and 0.166) and particle Froud numbers 2.5 and 3.25
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