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Abstract

Introduction: The leading cause of damages on bridge is local scouring
around piers. Many studies were carried out to control and reduce this
phenomenon and suggested more solution methods to protect bridge
piers. Protection is divided into direct and indirect methods. In this study,
to reduce scouring depth around the pier, an indirect method is used by
changing the pier's head angle in a flow direction.

Materials and Methods: An experimental study on clear-water at a
different angle of piers head under steady flow is presented. Experiments
were used to assess the ability to change the head angle of piers to protect
them. Toward this end, five angles (a) 90, 85, 80, 75, 70-degree with the
flow direction were considered. The bed material size dso was 0.9 mm and
all experiments were done in Gunt hydraulic standard flume.

Findings: The results showed that the pier with a 70-degree attack angle
could reduce the scour depth more than others. This happens due to
diverting part of streamlines to downstream, and it can have a 36 per cent
reduction overall.

Conclusion: The scouring depth and sediment point bar created around
the pier with an inclined head compared with the control pier («=90-
degrees) have less scouring depth due to minor deviation of flow
streamlines and reduction of disturbances around the pier.
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Extended Abstract

Introduction

Local scouring is one of the main factors in
the destruction of bridge piers in rivers.
Usually, the destruction of bridges is not due
to structural reasons but due to not
considering the influence of hydraulic
factors in the design of bridges. By placing
the bridge pier in direction of the stream, a
complex three-dimensional flow is formed
around the pier and after that, which has
been the subject of research by many
researchers. The complex three-dimensional
flow over time causes a pit to be dug around
the pier. The depth caused by the bed's
erosion compared to the original bed is
called the scour depth. Methods of reducing
the depth of local scour are divided into two
categories: 1-Increasing the strength of bed
materials around the piers by using more
resistant materials, the most common of
which is the use of riprap and gabion in the
riverbed. 2-Reducing the strength of the
main erosion factors such as downward flow
and horseshoe vortex by methods such as
using a collar, creating a slit, blade,
submerged Vane or changing the basic
geometric shape is used. In the present
study, the effect of the parameter of
changing the angle of the bridge pier head on
the maximum depth scouring hole around
the pier under clear water conditions were
investigated.

Materials and Methods

The experiments were performed in the
hydraulic laboratory of Water and Power
Industry University, equipped with a flume
with a length of 10 meters and a height of 50
cm and steel floor width of 31 cm with
variable slope. The flume is equipped with
an electromagnetic flowmeter with an
accuracy of 0.1 liters per second and a
rectangular weir downstream of the flume to
adjust the water depth. In this study, natural
river sand with uniform grain size
(6g =1.36), relative density Gs = 2.64 and the
average particle diameter of 0.95 mm was
used. In all experiments, water depth was
considered 10 cm. In this research, five
different models of PVC pier with angle’s

head (6=0, 5, 10, 15 and 20-degrees) was It
should be noted that the angle of flow with
the pier’s head is calculated as o = 90-6,
which used to describe and analyze the
pictures.

Findings

In the present study, to reduce the scouring
depth around the bridge pier, deformation
and inclining pier head in contact with the
flow field were used. Four pier shapes, P2,
P3, P4 and P5, were compared with the
control pier P1 (with a=90-degrees). The
results showed that by reducing the head's
slope from pier P1 (control pier) to pier P5,
scouring depth decreases. For Pier P5 in the
parameter (U/Uc=0.62), the percentage of
scouring depth reduction is close to 96
percent, which indicates that at velocities
less than 60 percent of the particle’s
incipient motion, the rate of scouring depth
reduction for this pier is more than 95%. In
the parameter U / Uc=0.96, which is the most
critical state and the value closest to the
particle incipient motion, the pier P5 shows
a decrease of 47%, P4 = 38, P3 = 36, and P2
= 34%, which the p5 has better performance
than other piers.

Discussion

By reducing the head angle of the bridge
pier, part of the flow lines does not deviate
towards the bed, which reduces the
potential of the high-pressure zone created
at the pier at a 90-degree head, to the
situation where the nose angle decreases.
Reduces the upstream and downstream
pressure gradients of the pier and reduces
the downward flow's power, thus reducing
the horseshoe vortexes' power (which is the
leading cause of scouring cavity
development). This reduction in
compressive potential reduces the flow
velocity of the back vortices and, ultimately,
reduces their ability to transport sediment
downstream. By changing the head's angle
from 90 to 70-degrees, the sediment ridge
approaches the pier and shows that the
rising currents have lost the ability to carry
sediments downstream. Changing the head's
angle, which is an indirect method of
correcting the flow pattern around the pier,
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has caused part of the flow streamlines to
deviate downstream of the pier and play no
role in scouring.

Conclusion

The scouring depth and sediment point bar
created around the pier with an inclined
head compared with the control pier (a=90-
degrees) have less scouring depth due to
minor deviation of flow streamlines and
reduction of disturbances around the pier.
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