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=] [=] Methods: This study was carried out on a 0.5 m wide and 0.6 m tall
rectangular plexiglass flume at the Islamic Azad University of Ahwaz.
I'E] The experiments were conducted with five piles installed at different

orientations and relative distances. A total of 40 experiments were carried
out, consisting of 36 experiments with the piles installed and 4 control
experiments without piles.

Findings: The results indicated that scour was reduced by 20%
compared to the case of unprotected spindle-shaped piers by installing
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sediment accumulation between the piles and before the spindle-shaped
pier. The other reasons for the reduced scour were the change in the flow
regime, reduced velocity, and weakened vortex before the spindle-shaped
pier. Moreover, increasing the relative velocity (ratio of flow velocity to
critical velocity, V/Vc) from 0.54 to 0.95 led to an average 165.4%
increase in scour.
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Extended Abstract

Introduction

Every year, floods destroy many river
bridges when they are needed the most.
Much research has gone into the scour
problem, but the complexity and multitude
of the governing phenomena prevent a
unified solution to calculating the scour
depth. Scour formation around piers
depend on the shape and other geometric
specifications of the piers. Moreover, the
bed materials and the flow hydraulics, for
example, during a flood, and the bedload
transport affect the scour depth (23). Wang
et al. (5) addressed scour protection for
cylindrical bridge piers using collars in a
physical model. They used sediment
particles with a D50 of 0.324 mm and
conducted their experiments with and
without collars of different diameters
placed at different depths. It was found that
collars reduced scour, but a higher collar
height undermined its protective effects.
Increasing the collar diameter also helped
reduce scour. Using a physical model,
Namaee et al. (6) studied scour around
bridge piers under frost conditions. The
experiments involved four diameters of
circular bridge piers and three sediment
particle sizes (0.47, 0.5, and 0.57 mm).
Their results were indicative of less scour
for smaller piers. Furthermore, the
maximum scour depth decreased for larger
diameter bed sediment particles. Vertical
velocity distribution decreased more under
the rough ice cover. Chen et al. (8) too,
studied the effects of collars on bridge pier
scour. Their experiments used collars with a
width of 1.25 b and a depth of 0.25 b, where
b represents the bridge pier width. The
collar at a depth of 0.25 b was shown to be
the most effective in reducing scour depth.
Accordingly, by adding piles before spindle-
shaped bridge piers and varying their
orientation and spacing to limit vortex
formation and  turbulence in an
experimental model, this study investigated
how optimizing the length and orientation

of the piles and vanes affects deposition
patterns to minimize local scour around
spindle-shaped bridge piers at four Froude
numbers (considering four flow velocities
and a fixed flow depth).

Materials and Methods

This experimental study was carried out on
a 0.5 m wide and 0.6 m tall rectangular
plexiglass flume at the Islamic Azad
University of Ahwaz. The straight sections
at the beginning and end of the flume were
4.5 and 2.5 m long. A straight flume input
was also considered to create a uniform
flow. The 4.5 m flume inlet with a 3 mm
thick sheet metal floor and 10 mm
plexiglass walls reduced wall roughness
effects and allowed for the hydraulic
phenomena taking place inside to be visible.
The 2.5 m outlet was also straight and had a
3 mm sheet metal floor and 10 mm
plexiglass walls. The flume had a fixed bed
that was made without inclination and as
horizontal as practically possible. An 11kW
centrifugal pump and a 6" suction and
discharge hose were used to circulate water
in the flume at the required flow rate. The
pump suction and discharge heads were
approximately 2 m and 6 m, respectively,
yielding a maximum discharge rate of 60 Ls-
1. Non-cohesive natural sand with a D50 of
1.37 mm, a geometric standard deviation o
of 1.13, and a density of 2.65 was used as
the sediment.

The experiments involved five piles
installed at 15, 30, and 45° with relative
distances (L/D) of 1, 0.5, and 1.5. A total of
40 experiments, consisting of 36
experiments with piles and four control
experiments without piles, were carried
out.

Findings and Discussion

The results included analyzing the effects of
flow velocity (Froude number), pile
inclination, and pile spacing on scour
around spindle-shaped bridge piers and
were reported and evaluated in five
sections:
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1. Effects of increasing flow velocity on
the  deposition pattern around
unprotected spindle-shaped bridge
piers;

2. Effects of the relative distance of piles
on the deposition pattern around
spindle-shaped bridge piers;

3. Effects of pile inclination on the
deposition pattern around spindle-
shaped bridge piers;

4. Bed topography with spindle-shaped
piers and vanes;

5. Effects of increasing Froude number on
the deposition pattern around spindle-
shaped bridge piers with vanes.

Conclusion

The results indicated a 20% scour reduction
compared to the case of unprotected
spindle-shaped piers by installing five piles
at 30° with a relative distance (L/D) of 0.5.
Scour reduction can be attributed to
sediment transport from around the pile to
the pier and sediment accumulation
between the piles and before the spindle-
shaped pier. The other reasons for the
reduced scour were the change in the flow
regime, reduced velocity, and weakened
vortex before the spindle-shaped pier.
Moreover, increasing the relative velocity
(ratio of flow velocity to critical velocity,
V/Vc) from 0.54 to 0.95 led to an average
165.4% increase in scour.
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