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Abstract

Introduction: Local scouring that occurs due to human construction
of structures in the course of rivers flow can lead to erosion of the
river's bottom and threatens to change the natural flow of the river.
One of the indirect methods of reducing scouring is the use of
protective structures.

Methods: In this research, the effect of protective sheet length on the
scour depth reduction of cylindrical base was investigated.
Findings: The results of the experiments showed that the laying of
protective plates could reduce the scour depth to 69.50%. Also, the
best relative length (the length of the protective plate to the width of
the bridge base, L / b) of the protective plates is equivalent to one,
and with the increase in the length of the protective plates, the effect
of the plate length on the scour depth reduction was reversed, so that
reducing the scour depth for the relative length of 5.0 and 2 are
respectively, 50% and 60% more than the control (without
protective plates), and in all experiments, the relative depth of scour
has increased with increasing the flow rate.
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Extended Abstract

Introduction

Local scour occurs as a result of the direct
impact of water flow on human-made
structures such as bridge foundations.
Several hydraulic factors cause the scouring
phenomenon to intensify in the place of
water structures that are built on the banks
of the rivers. Erosion and sedimentation
studies provide this possibility so that, while
knowing the morphological behavior of the
river, the effects of various management
measures on the behavioral performance of
the river can be evaluated quantitatively and
qualitatively, and in this way, it is possible to
identify instability factors and apply
appropriate protection standards and
engineering measures, made it possible in
advance. The main cause of this type of
scouring is due to the formation of
horseshoe eddies around the foundations of
the bridge. Obstruction of the flow by the
bases causes the flow to stagnate in front of
it. A downward hydraulic gradient develops
in front of the foundations, which causes the
downward flow to be directed towards the
riverbed. While digging the bed in front of
the base, the downward flow penetrates into
the cavity and turns upstream and creates a
vortex. The rotation of the flow around the
foundation causes a local increase in speed
and concentration of stress around the
foundation. Water circulation also develops
inside the pit in front of the foundation to
both sides and creates a vortex in total,
which is called a horseshoe vortex.

One of the methods of weakening the vortex
system is the use of protective plates. The
protective plate is a thin plate that is
installed at a certain height from the base of
the bridge and thus prevents the direct
contact of the downward current in front of
the bridge with the river bed. And it weakens
the activity of horseshoe vortices. Also, in
these types of foundations, the scouring
speed is reduced, or in other words, the
scouring start time is delayed. The difference
between these plates and the collar is that
they are installed in front of the base and
separately from the base, while the collar is
installed on the base, and usually when it is
possible to install the collar due to

operational reasons or construction
limitations, protective plates are used in
front of the base. Therefore, in the present
research, by using protection plates with
different lengths and comparing their
performance, the amount of water wash
reduction around the bridge base was
studied in a laboratory.

Materials and Methods

In order to conduct experiments in this
research, a laboratory flume with a length of
7.5 meters, width of 30 cm, depth of 45 cm
with a variable slope and a glass body (to
observe the hydraulic conditions of the
formed flow) was used. The flume used in
this research consists of a rectangular open
channel with a glass wall, a calming pond at
the beginning of the flume, an outlet channel
at the end of the flume, a water tank, an inlet
tank, a water pump, as well as valves, water
outlet drains and devices. Flow rate
measurement, the main purpose of which is
to create a flow with different depth, speed
and flow rates to perform experiments
(Figure 2). The skeleton of the flume
structure is metal and the walls are made of
fiberglass, and the maximum flow that
enters the flume is considered to be about 48
liters per second. The slope of the flume floor
can be adjusted by a hydraulic jack, and the
bed sediments were considered at a height
of 14 cm from the flume floor, and the height
of the water on the bed sediments was
considered to be 10 cm according to the
threshold flow rate (12 liters per second in
this research).

Findings

In order to investigate the effect of
protective plates on the amount of scour
reduction of the bridge foundation,
dimensionless diagrams were drawn from
the test results for different Froud numbers
(0.21, 0.23, and 0.26) and protective plates
with different lengths (2.5, 5, and 10 cm).
The effect of protective plates was drawn as
a longitudinal profile of scouring at constant
Froude numbers. As can be seen, the use of
protective plates has reduced local erosion
around the bridge base. By protecting the
bed against horseshoe and downward
currents, these plates reduce the power of
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digging a scour hole around the base and
with proper performance against the eddies
attacking the base, according to the
dimensions of the plates, they depreciate
and prevent more and more holes become
scouring pits. Also, the greater the scour
depth in front of the foundation (control
test), the higher the height of the sediment
pile behind the bridge foundation, and on the
contrary, if the scour is well controlled by
protective plates, the height of the sediment
pile behind the bridge foundation will be
lower. protective plates have been effective
in reducing scouring of the bridge base.

Discussion

The results showed that the amount of
abrasion has changed with a slight
difference from each other and the
protective plate with length L=b compared
to the rest of the protective plates has caused
a further decrease in the depth of abrasion,
which indicates that the increase in the
length of the protective plates up to a certain
ratio of the base diameter. The bridge can
have an effect on the reduction of the relative
depth of scouring, and more than that, it will
reduce the impact on the relative depth of
scouring. Also, the hydraulic reason is that
the effect of the downward currents in front
of the base is up to a certain radius from the
base, and a further increase in the length of
the protective plate will have less effect.
Figure (6) shows the comparison between
the longitudinal profile of the relative scour
changes around the base of the cylindrical
bridge in relation to the change of the
descent number of the flow in the fixed
lengths of the protection plates. Due to the
fact that the control test was carried out in
the Froude Astana number (0.26), it has the
highest relative scour depth, but in the case
where protective plates were used, the
relative depth of scour in the Froude Astana
number has been greatly reduced. It can be
seen in all cases of Figure 6. According to
Figure 6, with the increase in the flow rate,
the relative scour depth has increased, and
the rate of this increase has decreased if
protective plates are used. Next, in order to
more closely examine the effect of protective
plates on reducing scour depth compared to

the control test, a column chart was drawn
for all tests.

Conclusion

The laboratory results showed that, if the
number of flow descent increases and the
length of protection plates is constant, the
effect of protection plates on the reduction of
the relative scour depth is reduced, and for
the protection plate with a length of 2 times
the diameter of the bridge base, the
percentage of reduction in scour depth is
60% for the descent number. The current
equivalent to 0.26 has decreased to 29.54%
for the Froude number of 0.21 and 50% of
the impact of the protection plate has been
reduced. Also, the greatest effect of the
protective plate is related to the protective
plate with the length equal to the diameter of
the bridge base, which is equivalent to
69.54%. According to the obtained results,
with the increase in the length of the
protection plates up to L=b, the scouring
depth decreases, but with a further increase
in the relative length of the protection plates,
due to the collision of more downward flow
lines and the creation of horseshoe vortices,
it increases. It can increase the destruction
power of the sediments around the bridge
base and has reduced the effect of this
structure. Also, in all the tests in the vicinity
of the protective plates, the scouring depth
decreased significantly (maximum 69.54
percent and minimum 29.54 percent)
compared to the control test condition, and
according to the observations, it can be
concluded that the use of protective plates
by affecting the downward flow lines and
horseshoe vortices, it is effective as a
suitable structure to reduce the scour depth
around the bridge foundations.
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