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Abstract

Introduction: A physical model was prepared to investigate the
effect of the geometric shape of the bridge pier with the abutment
attached to it on the reduction of scour depth. This model was made
of a laboratory flume with a length of 7.5 meters, a width of 30 cm, a
depth of 45 cm with a variable slope and a glass body with bridge
pier width of 4 cm were used. For bed sediments, a layer of natural
river sand with an average diameter of 0.9 mm and a standard
deviation coefficient of 1.1 and a uniformity coefficient of 1.25 were
selected and used in a layer with a thickness of approximately 14 cm
for experiments.

Methods: The geometric shape of the bridge piers, as well as the
presence of the footing, prevents direct contact of the descending
current, reduces the activity of horseshoe vortices and thus
reduces the scouring speed, and delays the scouring start time.
Findings: According to the results of the experiments, the
greatest decrease in scour depth was related to (0.26 descent and
pl base). The results showed that in the same condition, the
relative scour depth at pl base was less than other bases and
reached its maximum in the control base. Also, the relative scour
depth increased with increasing the number of landings in the
same position. The abutment attached to the bridge base has
reduced the scour depth by 29.6%.
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Extended Abstract

Introduction

Bridges are one of the most important road
structures that can cause many problems if
they fail, especially in critical situations such
as floods, when we need them the most.
According to research, one of the most
important reasons for the destruction of
bridges is the occurrence of scouring around
the bridge piers and the lack of prediction of
the local scouring effect due to hydraulic
conditions around the piers and supports. In
recent years, the use of protective solutions
to control the scouring phenomenon has
been widely used, which are divided into
two categories: stabilizing the bed and
reducing the intensity of vortices. The choice
of any of these protection solutions depends
on the hydraulic properties and geotechnical
conditions of the riverbed. Abyss is one of
the methods that reduces the depth of scour
by preventing the development of vortices
by protecting the base of the bridge. Also, the
geometric shape of the bridge base, by
affecting the river flow pattern, causes a
change in the bed load movement regime,
and as a result, changes in sedimentation
and erosion. Due to the importance of the
subject, in this study, the effect of the sills on
the hole of local scour around the bridge pier
with different geometric shapes was
investigated in a physical model.

Materials and Methods

A physical model was prepared to
investigate the effect of the geometric shape
of the bridge pier with the abutment
attached to it on the reduction of scour
depth. This model was made of a laboratory
flume with a length of 7.5 meters, a width of
30 cm, a depth of 45 cm with a variable slope
and a glass body. the wide of bridge pier 4 cm
were used. For bed sediments, a layer of
natural river sand with an average diameter
of 09 mm and a standard deviation
coefficient of 1.1 and a uniformity coefficient
of 1.25 were selected and used in a layer
with a thickness of approximately 14 cm for
experiments. A Leica DISTO D210 laser
meter made in Hungary with an accuracy of
1 1 mm in a length of 80 meters was used to
collect points. Equilibrium time plays an

important role in the results of a scour test.
This time is long due to the need for
equilibrium conditions and the time for
experiments is long. For this purpose, an
equilibrium test was performed in the most
critical conditions (flow rate of 35 liters per
second) and a rectangular base without the
presence of a base for 5 hours. Scouring
occurred. Therefore, in all experiments, the
equilibrium time was considered to be 180
minutes. Before starting the pump, the end
valve was closed and then the clear water
was gently directed into the channel. After
the water rose and ensured that the
sediments were wet after a period of time,
the pump was started with a small flow and
the flow was slowly increased to the desired
level by the main shut-off valve on the inlet
pipe to the relaxation pond. By precisely and
simultaneously adjusting the shut-off valve
and the downstream valve, the desired flow
depth of 15 cm and the desired flow was
achieved. After 3 hours, the pump was
turned off and the water in the canal was
gently drained so as not to affect the
topography of the bed. After complete
drainage of water from the canal, by means
of a laser depth gauge with an accuracy of
ten millimeters, the topography of the bed
around the base above and below the
various hands was taken at a constant flow.
In order to study the changes in the bed in
detail, the distance between the harvest
points was considered to be 2 cm and in the
longitudinal direction, 2 cm according to the
position. In total, the total points collected
for 12 experiments during all experiments
were to form a bed topographic network and
its details were different in three discharges.

Discussion

In this regard, to investigate the behavior of
different bridge pier shapes against local
scour in the laboratory flume, the number of
four piers and each pier with three different
discharges (29, 32, 35) with landing
numbers (0.26, 0.29, 0.32) was tested for
180 minutes (equilibrium time) for each
bridge pier, and in the presence of a pier. In
order to compare the scouring mechanism in
the abutments with different geometric
shapes, first the control experiment was
performed by the control base (simple
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rectangular base without abutment). Then
different scenarios were examined and
tested according to Table 1. To show more
local scouring and cross-sectional profile of
Figure (5) was presented, all experiments
except the control base were performed in
the presence of the base. Also, according to
the records and results of previous
researchers, the distance of the base
attached to the bridge base was selected.
According to the comparison of longitudinal
scour profiles in all test scenarios (Figure 5)
in all experiments with increasing the
number of landings (or corresponding
discharges) of the flow, the depth of the
scour pit increased and the most scouring
was related to control experiments without
the presence of basement and the geometric
shape of the base is rectangular. Due to the
longitudinal profile of the scour in the
experiments, the main cause of scour holes
around the bridge pier is the change in flow
pattern by the bridge pier.

Conclusion

One of the direct methods to reduce scour is
to use the appropriate geometric shape of
the bridge base in the presence of a footing.
In order to investigate the local scouring
phenomenon, 4 cylindrical bases with
different geometric designs were used in all
experiments. The geometric shape of the
bridge in all experiments had a great effect
on reducing or increasing the depth of
scouring so that in the landing number 0.32
and the base of the rectangular bridge, the
relative depth of scour 1.8 and for the base
of the elliptical bridge with footing in front of
it in number Landing 0.26, the lowest
relative scour depth occurred 0.198. The use
of the abutment in front of the bridge pier
has been reduced to a maximum of 35% of
scour depth compared to the abstraction
state, which indicates the very good
performance of the abutment in reducing the
relative scour depth. Also, with increasing
the number of landings, the relative depth of
scour around all bridge piers has increased
by 10 to 13%. By examining the numbers
obtained from the maximum scour depth
obtained with a laser meter using the plate,
the highest percentage of scour reduction in

the landing number of 0.29 for the base of
the elliptical bridge (P1) by 55.50% and the
base of the round bridge, respectively. (P2)
occurred by 35% and the sharp-edged
bridge foundation (P3) by 19%, which
shows the importance of the geometric
shape of the bridge foundation in the local
scouring  phenomenon  around the
foundation. The more elliptical the bridge
edges (P1), by directing the flow lines
downstream of the bridge pier, reduces the
strength of the downward vortices and thus
reduces the destructive power of the
horseshoe vortices in front of the bridge pier
and the depth of the scour hole to at least it
arrives. In addition, the more rectangular
and smooth edges of the bridge pier, due to
the direct collision of flow lines and their
direction to the bottom of the bridge pier, it
increases the strength of downstream
currents and horseshoe vortices and, of
course, increases the scour depth. The
footing is also a good tool to protect the
bridge piers against descending vortices and
horseshoes in the piers.
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