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In order to reduce the local scour before the antiscour device of piers, this paper proposed an improvement on a “V-type” device.
That was to say, wing plates were set on the surface of the “V-type” device to enhance the diversion and reduce the local scour. To
explore the protection effect of the modified device, the inclination angles of the wing plates were set to three angles, and the scour
characteristics around the device were studied through the flume scour test and numerical simulation test. The results showed that
the wing plates can reduce the impact force of the diving flow which was at the front end of the protective device. Besides, they
could also disturb the flow around both sides of the device and weaken its sediment carrying capacity. Thus, the local scour around
the device was effectively reduced. Especially, when the wing plates were 30°, the performance of reducing the local scour was

the best.

1. Introduction

The local scour of bridge piers is one of the main reasons for
water damage of bridges [1-7]. Over the years, many
scholars have investigated and counted a series of bridge
damage accidents caused by local scour. Kan et al. [8] sorted
out the data of 155 bridge water damage accidents, of which
75.4% were caused by local scour. Wardhana and Hadi-
priono [9] studied 500 bridge damage accidents, of which
52.9% were caused by local scour. Thus, it is urgent to take
some protective measures to reduce it.

According to the protection mechanism of local scour
[10, 11], the protection measures for local scour of piers can
be divided into two categories: active protection and passive
protection. Active protection is carried out by changing the
flow structure around the pier; passive protection is carried
out by improving the antiscour capacity of the riverbed
through the protective devices. The research shows that
active protection is more economical and effective than
passive protection and has better application prospects [12].
In view of the protective mechanism, previous scholars have

carried out a lot of research studies. Wei and Dargahi[13, 14]
proposed the method of setting a retainer at a certain height
of the pier to weaken the kinetic energy of the water flow in
front of the pier; Chiew et al. [15, 16] proposed the method of
slotting the pier body to weaken the submerged flow in front
of the pier; Lan and Zhou et al. [17, 18] proposed the method
of setting a apron at the lower part of the pier to reduce the
effect of eddy current around the pier. Garg et al. [5]
proposed the method of installing collar plates around the
pier to reduce horseshoe vortex around the pier. In short,
these protection methods effectively reduce the local scour
around the pier, but most previous studies consider setting
the protective structure on the pier, which will be incon-
venient in the early construction or later maintenance.
Based on this, our previous study [19] proposed a “V-
type” protective device installed in front of the pier, which
had the characteristics of combining active protection and
passive protection. It could not only actively block the water
and played a good role in sheltering the bridge pier but also
could disperse the water flow and at the same time was very
convenient for construction. Previous studies have shown
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that [19] when the protective devices were 3.5d away from
the pier center (d denotes the pier diameter), the angle of the
protective device was 60°, the height of the protective device
was 3 h/4 (h denotes the water depth), and the width of wing
plates was 9 d/40; the protection effect was the best.
However, this new type of antiscour device caused local
scour around the device. Because of the water resistance of
the device, the water flow could not pass quickly. As a result,
an upward flow was formed at the front end and both sides
of the device. At the same time, a diving flow was generated
in the lower area of the upstream surface of the device. Such
circulation caused local scour around the device, thus re-
ducing its service life. Therefore, this paper proposed some
improvements based on previous research studies. We
added two rows of wing plates on the surface of the device to
reduce the scour around the device and make it play a better
role in protecting the pier. The two rows of wing plates were
symmetrically distributed along the middle vertical line.
They disturbed the upward flow at the front end and both
sides of the device and separated the diving flow on the
upstream surface, so as to weaken the eddy current system.

2. Structure of Protective Device

As shown in Figure 1, 0.03 cm thick sheet iron with the size
of 30 cm x 8 cm was folded into the protective device along
the short side. The protective device had an angle of 60°, a
height of 3h/4 (h denotes the water depth), and a width of
wing plates is 9d/40 (d denotes the pier diameter). The
modified protective devices had two rows of wing plates on
the upstream surface, and the inclination angles of the wing
plates were designed as 0°, 15°, and 30".

3. Test Device and Plan

3.1. Test Device. In the test, a 3m long, 0.8 m wide, and 0.5m
high flume with a water depth of 10 cm was used, and an
independent water supply and return system was equipped.
The inlet section was 0.2 m long, the inlet transition section
was 0.7m long, the test section was 1.2m long, the outlet
transition section was 0.5m long, and the backwater area
was 0.4 m long. The current meter was arranged in front of
the pier to monitor the flow rate; the test flow rate was
0.20 m/s. The model pier was PVC pipe with a diameter of
4 cm and height of 40 cm. The protective device was placed
3.5d away from the pier center. Natural river sand with an
average grain size of 0.8 mm was used in the simulated
riverbed, with a thickness of 15cm. The saturated density
and dry density of the sand were 2.298 g/cm’ and 1.768 g/
cm?, respectively. The layout of the test system is shown in
Figures 2(a) and 2(b).

Before the start of each test condition, the sediment of
the whole riverbed was leveled and soaked in water for more
than 1 hour. After the sediment settlement was stable, the
feed water flow gradually increased to the experimental
design flow, and the water volume reached the design water
level. Then, the test was officially started until the scouring
reaches a stable balance, and each scouring time was more
than 4.5 hours.
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3.2. Test Plan. There were two kinds of tests in this paper.
The first was to compare the protective device with or
without wing plates through indoor flume test and nu-
merical simulation experiment, to verify the effectiveness of
wing plates. The second was to change the inclination angles
of the wing plates, to study the influence of the inclination
angles of the wing plates on the local scour around the
protective device. The inclination angles of the wing plates
were set to three angles, 0°, 15°, and 30°. The design was
carried out according to the principle of the orthogonal test,
with 4 groups of working conditions, as shown in Table 1. In
all tests, three measuring points were arranged at the front
end, left end, and right end to measure the scour depth
around the device, as shown in Figure 2(c).

3.3. Analysis Model. As shown in Figure 3, to verify the
accuracy of physical test results, a numerical analysis model
was established by using CFD (computational fluid dy-
namics) fluent. The 3D model did not need to regulate the
water flow, so only the test section was simulated. The total
length of the three-dimensional model was 1.2m, and the
width was 0.8 m. The pier was placed in the center of the
model, and the center of the pier was 0.6 m from the front
block of the test section and 0.4m from both walls of the
water tank. The distance between the protective device and
the pier center was 3.5 d. The parameters of protective device
and pier were consistent with those of the indoor test. The
riverbed surface was horizontal. The first layer of the model
was water layer, and the second layer was sand layer.

After trial calculation, it was finally determined that the
model adopted unstructured grid, the average number of
grids was about 5x 10°, and the average quality of model
grid was more than 0.83, which could meet the calculation
requirements of fluent. In this model, the inlet boundary
was set at the upstream 0.6 m away from the pier center.
The inlet was the water inlet and was set as the velocity
boundary condition. The outlet boundary was set at the
downstream of the flume 0.6 m away from the pier center.
The water outlet was connected with the atmosphere,
which was set as free outflow, and the boundary condition
was set as free outflow boundary. Other walls, piers, and
protective devices of the flume were set as wall conditions
or symmetrical boundary conditions without sliding
boundary conditions. The gravity acceleration direction
simulated by the model was in the z-axis direction, and the
sediment particle size referred to the physical test. The
sediment was composed of silicon by default, and the
parameters such as drag coeflicient and coiling coefficient
adopted the default value. In the simulation, the velocity
time was set as 40s.

4. Result Analysis

4.1. Effectiveness Analysis of Wing Plates. Scour depth is an
important index to evaluate local scour degree [20-23]. To
verify the effectiveness of the wing plates, the scour depths of
the protective device with or without the wing plates were
compared, and the inclination angles of the wing plates were
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FIGURE 1: Protective device model: (a) wingless plate; (b) 0° dip angle; (c) 15° dip angle; (d) 30° dip angle.
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FIGURE 2: Test layout: (a) flume model; (b) site layout; (c) layout of scour depth measuring points.

TaBLE 1: Test conditions.

Test conditions Type

Test variables
Wing inclination (*)

kept constant at 0°. To ensure the accuracy of the test data,
the scour depth was measured after the scour was stable.

Wingless plate

With wing plate

B W N =

0
15
30

Figure 4 shows the scour pit characteristics of the protection
device. Figure 5 shows the simulation scour characteristics of
the protection device. From the figure, it could be seen that
the scour phenomenon of the whole riverbed plane was
more obvious at the position of the protective device and the
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FIGURE 3: Numerical analysis model: (a) model side view; (b) three-dimensional model.
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FIGURE 4: Characteristic map of scour pit: (a) wingless plate; (b) with wing plate.

(a) (b)

FIGURE 5: Cloud chart of scour depth: (a) wingless plate; (b) with wing plate.

pier. The upstream surface of the protective device wasin the  starting point of scouring, and the left and right ends were
scour area, and the surrounding sediment was eroded. And  the end points of scouring. Therefore, measuring points were
the back surface of the device belonged to the sediment  arranged at these three positions to measure the scour depth
accumulation area. The front end of the device was the  of the protective device.
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FIGURE 6: Scour depth detail: (a) wingless plate; (b) with wing plate.
TaBLE 2: The results of scour depth.
. Simulated values (cm) Test value (cm)
Test conditions Type ) .
Front end Left end Right end Front end Left end Right end
1 Wingless plate 2.6 2.4 24 1.9 1.9 1.7
With wing plate 2.5 2.0 2.0 1.8 1.8 1.6

To analyze the effectiveness of the wing plate more con-
cretely, this paper measured the scour depth of each measuring
point of the protection device before and after the improve-
ment and sorted out the data into Figure 6 and Table 2. This test
mainly used a square to measure the scour depth. During the
test, the scour depth of each measuring point was measured
repeatedly for five times, and finally the average value was
taken, and the error was within 5%. According to Figure 6, it
could be found that after the wing plates were added, the test
values at the front end, left end, and right end were all reduced
by 0.1 cm. According to Table 2, it could be found that the
simulated value of scour depth was reduced by 0.1 cm at the
front end and 0.4 cm at the left and right ends. It could be seen
that there was a certain error between the simulation results
and the test results. This was because the simulation
conditions tend to be idealized compared with the test,
and there was a certain gap with the actual test envi-
ronment. For example, the indoor test and numerical
simulation of sediment movement were different. There
was local sediment start-up in the actual test process, and
some factors were ignored in the numerical simulation
process. However, it was found that the regularity of the
test value was consistent with the simulation value. It
could be seen that compared with the unimproved de-
vice, the scour depth of the improved device had been
reduced in different degrees at different measuring
points. This indicated that the addition of wing plates
could reduce the local scour of the device, thus extended
its service life.

4.2. Parameter Analysis of Wing Plate Angle. It can be seen
from the above analysis that the wing plate is a sensitive
factor for the change of scour depth around the protective
device. To further study the influence of the inclination

angles of the wing plates on the local scour of the protective
device, three angles of inclination angles of 0°, 15°, and 30"
were given to initially judge the scour condition under
different test conditions, and the results are shown in Fig-
ure 7 and Table 3. The analysis showed that the scour depth
in front of the protective device decreased as the inclination
angles of the wing plates increased. At the front end mea-
suring point, when the inclination angles of wing plates
changed from 0° to 30°, the simulated values scour depth
decreased from 2.5cm to 2.1 cm, and the test values scour
depth decreased from 1.8 cm to 1.5 cm, and the changes of
scour depth of the left and right end measuring points were
similar. Among them, with the addition of a 30° inclined
wing plate, the depth of the scour pit was the smallest. From
the above data, it can be seen that the variation trend of the
simulated value was consistent with the experimental value;
that is, when the inclination angles of the wing plates became
larger, the local scour depth of the protective device
decreased.

To further elucidate the effect of the inclination angles
of the wing plates on the scour depth around the protective
device, the rate of reduction of scour depth was then an-
alyzed for both the test and simulated values. As can be seen
in Figure 8, the rate of scour depth reduction increased as
the inclination angles of the wing plates increased. At the
left end measuring point, the maximum scours reduction
rate reached 50% with the addition of the 30° wing plates. It
can be concluded that the change of the inclination angles
of the wing angles had a great influence on the local scour
depth around the protective device, and the influence on
the left and right was greater than that on the front. This is
because the wing plates on the surface of the protective
device were symmetrically distributed along the middle
vertical line, generating eddy current in the vicinity of the
device, which caused the separation of the submerged flow
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Test conditions

Simulated values (cm)

Test value (cm)

Inclination angle (°)

Front end Left end Right end Front end Left end Right end
1 0 2.5 2.0 2.0 1.8 1.8 1.6
15 2.3 14 1.5 1.8 1.8 1.5
3 30 2.1 1.2 1.4 1.5 1.7 1.4

()

(®)

FiGure 7: Contour of scour depth: (a) 0° dip angle; (b) 15° dip angle; (c) 30° dip angle.
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FiGURE 8: Change rate of scour depth of the protective device: (a) front end; (b) left end; (c) right end.

on the upstream side of the device and weaken the impact
force. At the same time, there was a disturbing separation of
the winding flow on both sides of the device, further
weakened the eddy current system. To sum up, the impact
force of the submerged flow was weakened, and the sed-
iment carrying capacity of the eddy current system was
weakened, so that the local scour of the device was effec-
tively suppressed.

5. Conclusions

By comparing the indoor physical model with the numerical
model, this paper analyzed the influence of the presence or
absence of the wing plate and the inclination angle of the
wing plate on the local scour of the protective device and
drew the following conclusions:

(1) After the wing plates were installed, the local scour
depth around the protective device decreased in
varying degrees. With the increase in the wing

)

3)

inclinations, the depth of scour pit decreased. When
the inclination angles of the wing plates were 30°, the
scour reduction effect was the best, and the scour
reduction rate reached 50%.

The three-dimensional numerical model of local
scour of the protective device was established by
using fluent. Comparing the simulated value with
the experimental value, the variation law of the two
was basically the same, which proved that fluent
had high accuracy in the numerical simulation of
local scour.

In the test, only three measuring points for the
scour depth of the protective device were arranged.
In the future, the measuring points can be
arranged more densely in order to better under-
stand the change of scour depth. In addition, only
three angles of wing inclinations were considered
in the test, and more angles can be considered in
the future experiment.
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