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Laboratory Study of Pier Location on Scouring Around Bridge Pier in 90-
Degree Mild Bend

Seyed Sasan Katourany!, Rsool Ghobadian®*, Masoud Ghodsian®

Abstract

Bridges are the most useful structures on rivers which floods cause damage to them every year. One of
the known factors in bridges destruction is local scouring around the bridge piers. In this study, to
investigate the scour depth around the bridge pier in the river bend, experiments were performed in a

laboratory flume with a 90-degree bend with RC/B = 3.7 . By placing a cylindrical pier with a diameter
of 45 mm at three locations of 30, 45 and 60 degrees along the bend, for three flow Froude numbers, the
scouring around the pier under clear water condition was investigated. Natural sand with an average
diameter of 0.85 mm is used for the bed materials. The results showed that the maximum scour depth
around the bridge pier varies at a different location along the bend. Besides, the flow discharge increase
grows the depth and volume of the scour hole at all positions. Additionally, maximum and minimum
depth and volume of scouring hole occurs in the second half of the bend at 60- degree position and in
the middle of the bend at 45- degree position, respectively. Finally, it was recorded that the development
of the sedimentary hill after the pier and its extent in the first half of the bend was higher than the second
half of bend. The result also indicated that the maximum and minimum scour depths relative to the pier
diameter are equal to 2.24 and 1.22, respectively.
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Abstract

Bridges are the most useful structures on rivers which floods cause
damage to them every year. One of the known factors in bridges
destruction is local scouring around the bridge piers. In this study, to
investigate the scour depth around the bridge pier in the river bend,
experiments were performed in a laboratory flume with a 90-degree bend
with Re/B=3.7. By placing a cylindrical pier with a diameter of 45 mm at
three locations of 30, 45 and 60 degrees along the bend, for three flow
Froude numbers, the scouring around the pier under clear water condition
was investigated. Natural sand with an average diameter of 0.85 mm is
used for the bed materials. The results showed that the maximum scour
depth around the bridge pier varies at a different location along the bend.
Besides, the flow discharge increase grows the depth and volume of the
scour hole at all positions. Additionally, maximum and minimum depth
and volume of scouring hole occurs in the second half of the bend at 60-
degree position and in the middle of the bend at 45- degree position,
respectively. Finally, it was recorded that the development of the
sedimentary hill after the pier and its extent in the first half of the bend
was higher than the second half of bend. The result also indicated that the
maximum and minimum scour depths relative to the pier diameter are
equal to 2.24 and 1.22, respectively.

* Corresponding Author: Rasool Ghobadian
Address: Department of Water Eng., Razi University, Email: r_ghobadian@razi.ac.ir

Kermanshah, Iran,

1. Introduction

Tel: +989188332489

Bridges are one of the most important and widely used river structures that are of great importance in
road construction. Every year, with the occurrence of floods in every river, a large number of these
bridges are destroyed just when they are most needed. One of the most effective causes of these
destructions is local scouring around the bridge piers in the river.

The mechanism of scouring process and hydrodynamics of the flow around the bridge piers in a river
bend is very important for engineers and researchers in the field of environmental fluid mechanics and
ecology (Vijayasree et al., 2019). Based on studies by (Richardson & Davies., 1995), (Raudkivi &
Ettema., 1983) and (Lagasse & Richardson., 2001) the scouring phenomenon around the bridge piers is
influenced by factors such as river geometry, flow rate, depth Flow, pier diameter, gravity acceleration,
properties of bed materials, pier position angle to flow, pier shape and fluid properties.
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As reviewed in the background of the subject, so far research has been done on general erosion in the 90-
degree bend. However, no research has been done on the local erosion of the bridge pier in the 90-degree
bend, which in this study using laboratory model was investigated.

2.  Materials and Methods
Dimensional analysis:

Important and effective parameters on the scouring phenomenon at the piers of the bridge in the bend
can be introduced in six parts, which are fluid properties, bed material properties, river geometry
characteristics, bridge pier geometry and its position in the bend, input flow conditions and time.

In this study, the grain size of the sediment was uniform, all experiments continued until the equilibrium
time was reached, and in all of them clear water conditions prevailed, so the parameters of time, critical
velocity and geometric standard deviation were ignored. Therefore, the scour depth at the pier of the
bridge in the 90 ° bed can be written as a function of the following parameters:

WP, 9, V.Y, ps, dso, My

ds = f ) &)
Ie]_lez}BJECIDJSh

Where, ds maximum scour depth, p dynamic water viscosity, p volumetric mass of fluid, g gravity
acceleration, V flow velocity upstream of the bend, y depth of flow upstream of the bend, ps volumetric
mass of sediment, d50 average diameter of sediment particles, nb channel bed roughness, 61 = 90°
central angle of the bend which is fixed, 62 position of the bridge pier in the bend, B width of the canal,
Rc / B ratio of the radius of the central curvature to the width of the section which is constant, D pier
diameter and Sh is the pier shape factor. Using dimensional analysis and Buckingham theory, the
relationship between dimensionless groups will be obtained as the following equation:

# 9B Y ps dso VI

Y20 p? ) ) 2/
5=f pBV'V2’B’ p’ B ’ g% )

B R. D
01,0275, 2, Sh

Given that the parameters p, p, ps, d50, nb, B, Rc, D, 61 and Sh are fixed in the experiments by
integrating some dimensionless parameters into each other and also satisfying the turbulent flow
conditions with a rough bed (Reynolds number between 14980-26820) The general dimensionless
relation is obtained as follows:

% = f(Fr,6,) (3)
Where 02 is the position of the bridge pier in the bend and Fr is the Froude number of upstream flow.
Laboratory Model:

Experiments were performed in a bend flume, which is made of Plexiglas and steel frame with a central
angle of 90 degrees, central radius Rc = 1.85 m and width B = 0.5 m, in the hydraulic laboratory of Razi
University Water Engineering Department. The relative curvature of the bend is Re/B = 3.7, which puts
the bend in the category of mild bend. The direct inlet channel with a length of 4.5 meters is connected
to a channel with a 90-degree bend. This bend channel was connected to the flow depth control valve
and then the outlet tank by another 5 m long direct channel (Figure 1).

Katourany, S.S., Ghobadian R, and Ghodsian, M.. Laboratory Study of Pier Location on Scouring Around Bridge Pier in 90-
Degree Mild Bend



Iranian Journal of Irrigation and Water Engineering

Sm

Tail Gate

Figure 1. Schematic view of 90-degree flume

The experiments were performed for 8 hours until equilibrium was reached. Range of parameters in the
present research experiments is presented

Table 1- Range of parameters in the present research experiments

Effective parameters Parameters range

Pier type and dimensions  Cylindrical pier with a
diameter of 45 mm

Pier position 30, 45 and 60 degrees
Flow discharge(l/s) 49.7,10.74 and 13.41
Froude number 0.23,0.27 and 0.3

Medium bed grain size 0.85 mm

Average bed particle 11cm
thickness
Depth of flow 7.5t09.5cm

3. Results

Laboratory observations showed that the scour hole around the bridge pier is a function of the pier
position at the bend and the Froude number. Variations of maximum dimensionless scour depth around
the pier in different positions and different Froude numbers are shown in Figure 2.
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Figure 2 - Changes in the maximum dimensionless scour depth around the pier in different positions and

different Froude numbers

The diagrams shown in Figure (1) indicated that when the bridge pier is in a position of 45 degrees from
the beginning of the bend, less scouring depth occurred compared to the other two positions. One of the
main factors is the angle of impact of the primary flow stream near the bed to the pier of the bridge,
which at an angle of 45 degrees compared to the two angles of 30 and 60 degrees is more deviation
from normal line on the pier.

Figure (6) shows a comparison of the cross-sectional profiles of a dimensionless scour hole from the
cross-section of the central line of the cylindrical pier at 30, 45 and 60 ° for different Froude numbers.
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Figure 3- Comparison of transverse profiles of scour holes around the pier according to the Froude number
in different positions: a) 30-degree position, b) 45-degree position, ¢) 60-degree position

As Figure 3 indicate, in these experiments, it was observed that the development of local scouring holes
towards the outer wall of bend is slightly higher. Increasing the pier position in the second half of the
bend the scour depth and the volume of the scour hole also increased.
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4.

Discussion and Conclusion

The aim of this study was to investigate the local scouring around the bridge pier located at a 90-degree
bend. In particular, the effect of the pier position on a bend was investigated by changes in the flow
Froude number on the local scour. The results obtained from the laboratory model were compared and
based on the discussion above, the following conclusions were reached:

* Installation of the pier in different positions along the bend caused changes in the topography of the
bed, depth, dimensions and volume of the scour hole around the pier.

» Displacement the pier position along the second half of the bend towards the end of bend the scour
depth and the volume of the scour hole also increased.

* The sediment bas created after the bridge pier is less developed in the position of the pier in the
second half of the bend compared to the first half.

« The simultaneous effect of increasing the discharge and increasing the position of the base,
especially in the second half of the bend, leads to the expansion of the scour hole to the canal walls
and a significant increase in scour depth around the pier.

* The maximum depth and volume of scouring occurred in the second half of the bend at an angle of

60 °.

« In all cases, the minimum depth and volume of scouring occurred at an angle of 45 degrees.

* The results showed that the development of the sedimentary ridge after the base and its extent in the
first half of the bend was more than the second half.

* In all experiments, it was observed that the local scour hole was pulled more towards the outer bend

wall.
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