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and the scouring hole is created. If the foundation depth and bridge
pier piles are insufficient, the bridge will fail.

Methods: In this research, due to the importance of identifying the
mechanisms affecting the scouring on this types of bridge piers, the
effect of the geometric shape of the piles that installed under the
inclined piers and also the effect of the pile cap leveling in the
sedimentary bed have been investigated and the properties of the
scouring around the inclined pier group was studied numerically
and using the FLOW-3D software..

Findings: The study of total shear stress in the flow bed at different
leveling of the pile caps shows that of the highest shear stress was
created when the pile cap position is at the same level with the river
bed and by installing the pile cap at a lower level than the river bed,
the maximum shear stress decreases. This may be due to the fact
that in this case the distance between the pier group increases and
the presence of the second pier decreases the flow rate in the pier
group and different pier in the one pier group act as the two
Independent piers in the formation of flow pattern. By comparing
the final longitudinal sections of the scouring at different leveling of
the pile cap, it is concluded that the largest reduction in scouring
depth occurs in aerofoil-shaped pile caps and pile caps with the
sharper nose and better aerodynamic shapes are good options to
control the horseshoe vortices and will reduce the scouring depth
around the inclined pier group.
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Numerical simulation of geotechnical effects on local scour in inclined pier group with Flow-3D software

Extended Abstract

Introduction

In fact, scouring is a natural process that is
created by the erosion caused by the flow of
water on the river bed and also formed near
the bridges' piers and supports. Scouring
around the head of the piles and the pier of
the bridges is one of the major problems of
structures such as bridges whose piles are in
the water of rivers with erosive flows. The
erosion around the bridge piers causes the
complete or local failure of some of the
bridges. Once a river is in equilibrium state,
the amount of input and output sediment is
equal to each other. Naturally, a river, in
order to achieve such an equilibrium state,
shows the behaviors that ultimately leads to
reach a physical equilibrium. Of course,
annual floods are one of the most important
factors in the destruction of this system and
cause annual erosion in the river path.

Materials and Methods

In this paper, the numerical simulation
analysis of the effect of different geometries
of piles with fixed foundation and inclined
pier group on local scouring is performed.
The first step for simulating the flow is to
calculate the equations associated with the
scouring phenomenon. Solving flow
problems including the continuity equation
and the three momentum equations in the
direction of three axes of coordinates
(Navier Stokes equations) are the basis of all
numerical methods of modeling. In this
section of this study, a general description of
these equations will be presented. In this
research, flow and scouring modeling
around the inclined pier of the bridge is
performed on the group of pile with different
geometric shapes. One of the mostimportant
parts of the numerical researches is to
measure the precision of the simulation
model. In this study, to determine the
precision of the model, the scouring depth
around the inclined pier of the bridge, which
is located on the cubic foundation, has been
compared in two cases; One was the
simulation by the Flow-3D software, and the
other was the empirical tests that conducted
by Esmaili Varaki et al research.

Findings

The investigation of total shear stress in the
flow bed at different leveling of the pile caps
shows that of the highest shear stress was
created when the pile cap position is at the
same level with the river bed (Z/Tp =-1), and
by placing the pile cap at a lower level than
the river bed (Z/T, = -2), the maximum shear
stress decreases. This may be due to the fact
that in this case the distance between the
pier group increases and the presence of the
second pier decreases the flow rate in the
pier group and different pier in the one pier
group act as the two Independent piers in
the formation of flow pattern. Also
Decreasing of shear stress occurs when the
pile cap is located at a level above the bed.
The reason for decreasing shear stress in
these conditions (Z/Tp = 0), is that the pile
cap thickness acts like a ring and prevents
the direct collision of the vortices with the
sedimentary bed. Also The study of the
longitudinal sections of the scouring around
the inclined pier group shows that the
aerofoil-shaped pile has a better effect on
reducing scouring than other geometric
shapes. So that the maximum scouring depth
around the inclined pier group using a
aerofoil shaped pile is 36.3 cm, while the
maximum scouring depth for cylindrical
(circular), rectangular and rounded
rectangular piles is equal to 18/4, 91/3,
59/3 centimeters, respectively. The greater
effect of the aerofoil pile is related to its
geometric shape, which reduces the lifting
vortices.

Discussion

The column chart of percentage of the
maximum reduction of the scouring depth
shows that with changing the geometric
shape of the pile caps from a cylindrical
shape to the aerofoil-shaped, rectangular
and rounded rectangular shapes, the
scouring hole dimensions and the maximum
scouring depth decreases and the using this
type of piles reduce the maximum scouring
depth to 19.61, 14.11 and 6.45%
percentages, respectively. It is noteworthy
that the more aerodynamic properties of the
nose of the pile cap are better and the pile
caps with the sharper nose are good options
to control the horseshoe vortices and will
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reduce the scouring depth around the
inclined pier group. Also The study of the
scouring depth development around the pile
group with time in different pile cap
geometries and pile cap leveling of Z/T,= 0, -
1, -2, shows that the highest amount of
scouring in each of the three leveling of the
pile cap occurs in less than 30% of the total
time required to reach the equilibrium state.
After that time, the development rate of
scouring is reduced and reaches to constant
value. Also The greatest amount of scouring
occurs when the pile cap is at the same level
with the river bed (Z / Tp = -1). In this
condition, the empty space below the pile
cap is gradually increase and some of the
water flow penetrates it, causing erosion and
scouring around the pile groups. One of the
important points is that in this case, the
geometric shape of the pile group is effective
in reducing erosion and scouring that occurs
under the pile cap. Under the same
conditions of the pile cap leveling, the
aerofoil-shaped pile caps have the lowest
size of scouring hole and erosion amount.

Conclusion

By comparing the final longitudinal sections
of the scouring at different leveling of the
pile caps, it is concluded that the largest
reduction in scouring depth occurs in
aerofoil-shaped pile caps and pile caps with
the sharper nose and better aerodynamic
shapes are good options to control the
horseshoe vortices and will reduce the
scouring depth. Also, when the pile cap is at
the same level with the bed, the penetration
power of the flow into the space below of the
pile cap has been increased, which increases
the power of the flow erosion and the
maximum scouring depth occurs at this
level.
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