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Elevation Range
-5.99 - -5.50
~5.50 - -5.00
~5.00 - -4.30
~4.30 - -3.30
-3.30 - -2.00
-2.00 - -0.60
=0.60 - -0.20
-0.20 - 0.00
0.00 - 0.20
0.20 - 0.60
0.60 - 2.60

2.60 - 4.50
4.50 - 5.50
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Elevation Ronge
-10.50 - -9.70
-9.70 - -8.80
-5.80 - -7.60
-7.60 - -5.60
-5.60 - -3.00
-3.00 - -0.60
-0.60 - -0.20
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0.00-0.20
0.20-0.80
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Elevation Range
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5.00 - 5.50

5.50 - 5.90
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1. Introduction

Human interferences in rivers such as sand mining, infrastructure building, artificial cutoffs, etc., lead to the
destruction of their dynamic equilibrium. This can cause banks erosion and lateral migration of the river. Bank
erosion causes disturbance of private and public lands, damages aquatic and riparian ecosystems, and degrades
water quality [1].

In-stream structures are proposed in order to enhance and restore habitat for fish and other aquatic organisms,
protect stream banks; in this regard few studies have been conducted about them. Triangular vanes are in-stream
structures oriented upstream at an angle of 20°-30° to the flow and inclined into the stream bed such that the vane
tips are submerged even during low flow [2-6]. Although the structure has been mentioned in many documents, the
first systematic study on the effects of the vanes was published by Bhuiyan et al. [7]. In their experimental tests,
both single and multiple vanes with an effective length of one-third of the channel’s width were tested. The results
demonstrated that when a single or an array of such vanes is installed, the scour hole at the base of the outer bank is
infilled and the thalweg is relocated towards the center of the river. Among the different types of vanes, installed
vanes with an angle of 30° were found to have the best performance. They concluded that more research and studies
must be conducted to determine the appropriate space between the triangular vanes because of shortage of precise
criteria and information about the appropriate space between them. Therefore, the present study expands on the
experimental works of Bhuiyan et al. [7] to resolve some shortcomings in the design of triangular vanes attached to
the banks as a new and efficient countermeasure against bank erosion.

2. Experimental setup

The experiments were carried out in a single-bend laboratory flume of constant width, B=70 cm, and central
angle 90°. 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 flow discharge was measured by an
ultrasonic flowmeter model of Digi Sonic E+ (accuracy of +£0.01 L/s). The flume’s bed was covered by uniform
sand with the mean diameter of ds,=1.5 mm and the geometric standard deviation (¢ =9 /ds ) equal to 1.22 in all

of the experiments. To investigate the effect of the space between triangular vanes series of multiple-vanes were
installed at four different spaces (4Le, 5Le, 6Le and 8Le in which Le is the vane’s effective length measured from
the vane’s tip to the outer bank). In this research, one-fifth of flume width (Le=14 cm) is used for the effective
length of the vanes. Triangular vanes were installed at angle of 30° to the upstream bank. The experiments were
conducted under different flow conditions (Froude numbers 0.243, 0.262, 0.292 and 0.321). In all tests, flow depth
(h) was kept constant equal to 13 cm. The flow depth was chosen such that the vane crest level at the outer bank and
the water surface are identical. The experiments were carried out in clear water conditions. Totally, 16 tests were
carried out. Each test was last for 3 hours. At the end of each test once the bed was drained, bed topography was
measured using a bed profiler instrument.
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3. Results and discussion

3.1. Scour at the tip of vane

The scour hole was observed at the tip of vanes for whole spaces. In addition, more spaces between vanes, more
scouring at tips. In vanes with spaces of 4Le and 5Le the scour hole was not developed to the outer bank. In space of
6Le for Froude numbers of 0.292 and 0.321, the scour hole at the tip of the last vane developed towards the outer
bank. Whilst for vane’s space of 8Le the scour hole for Fr=0.262 at the tip of the last vane (structure 6), for
Fr=0.292 at the tip of the structures 5 and 6 (two last vanes) and for F»=0.321 at the tip of all vanes were developed
towards the outer bank which is not favorite from an engineering point of view. The eroded sediments were
transported by the near-bed flow towards outer bank and were deposited in the outer bank toe. In practice, when the
vanes are installed for bank protection, sediment deposition between vanes causes filling previous outer bank scour
hole and creating new bank.

In all tests, the maximum scour depth occurred around the vanes’ toes. In Fig. 1, the normalized diagram of
maximum scour depth for different tests has been illustrated. As seen from the figure, maximum scour depth
increases with increasing the vanes’ space. For Fr=0.321 the maximum scour depth at the tip of vanes with space of
4Le was found to be 0.615/4; The maximum scour depth for spaces of 5Le, 6Le and 8Le was measured to be equal to
0.661, 0.692, and 0.815 times A respectively, which shows an increase of 7.5%, 12.5% and 32.5% compare to the
vane’s space of 4Le.
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Fig. 1. Normalized diagram of maximum scour depth for different tests

In all tests, except the space of 8Le for Fr=0.321, maximum scour depth occurred at d/B>0.25 (d and B are
distance of maximum scour depth from the outer bank and flume’s width, respectively). In average, the distance of
maximum scour depth from the outer bank for vane’s spaces of 4Le, 5Le, 6Le and 8Le is equal to 0.27, 0.28, 0.28
and 0.29 times B, respectively. In vane’s space of 8Le for Fr=0.321, the maximum scour depth occurred between the
vane’s tip and the outer bank and its distance from the outer bank was equal to 0.064B.

3.2 Thalweg

Installation of vanes at outer bank will shift the thalweg towards the channel midway. In Fig. 2, the normalized
diagram of maximum scour depth of thalweg (ds,/k) for various tests is depicted. The diagram displays that
increasing the vanes’ space decreases the maximum scour depth of thalweg. For Fr=0.321, the maximum scour
depth of thalweg for spaces of 4Le, 5Le, 6Le and 8Le is 0.57, 0.54, 0.51 and 0.47 times the flow depth, respectively.
The maximum scour depth of thalweg for the vanes with spaces of 5Le, 6Le and 8Le decreased 5%, 11% and 19%
compare to the vane’s space of 4Le.
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Fig. 2. Normalized diagram of maximum scour depth of thalweg for various tests
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In all of the experiments, the maximum scour depth at the tip of vane (ds;) was found to be greater than
maximum scour depth of thalweg (ds;). For Fr=0.321, the maximum scour depth of thalweg for spaces of 4Le, 5Le,
6Le and 8Le is 94%, 83%, 74% and 58% of the maximum scour depth at the vane’s toe, respectively. Moreover, in
all of the tests, the thalweg is formed in the inner half of the bend. In average, the distance of thalweg from the outer
bank for the vanes with spaces of 4Le, 5Le, 6Le and 8Le is 0.67, 0.69, 0.65 and 0.64 times B.

4. Conclusions

The results showed that the triangular vanes caused flow diversion from outer bank towards the center and inner
bend and thus the formation of thalweg near inner bank. By increasing the vane spaces, the eroded thalweg
decreased. On average, the maximum scour depth of thalweg in 4Le, 5Le, 6Le and 8Le space was found to be equal
to 0.36, 0.33, 0.3 and 0.26 times Le, respectively. In all tests, the maximum scour depth was observed at the toe of
all vanes. By increasing the space between the triangular vanes, the scour around the vane’s tip and its development
to the outer bank increased. On average, the maximum scour depth for spaces of 4Le, 5Le, 6Le and 8Le was
calculated to be 0.38, 0.46, 0.52 and 0.66 times Le, respectively. Based on the analyzed scouring and deposition
patterns, it is recommended that the spacing between the vanes should not exceed 5Le.
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