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CFD Simulation of Local Scouring Around
Bridge Pier
Chauhan Kaustubh, Jhamnani Bharat
Abstract: The threat of local scour around bridge piers has
been in research for many years. According to the various
studies, local scour around the bridge pier is the prime cause for
most of the bridge failures. The main objective of the present
study was to investigate the flow behavior and the scour
phenomenon around the bridge piers of various shapes namely
Circular, Elliptical, Square and Streamlined. Local scouring
depends on various factors like depth of flow, upstream flow
conditions, pier shape and dimensions. Here, we have taken only
pier shape as the primary factor and kept other factors constant.
The numerical simulations were even carried out using CFDFluent, Eulerian multiphase model, k–epsilon turbulence model,
to elaborate the physics behind the scour formation. CFD
simulation tool can be used for wide understanding of the flow
behavior around the bridge piers even without physical model
studies because it saves time and money as compared to
experimental studies. Three dimensional simulation of flow
behavior around four pier shapes indicates that the streamlined
pier is the most efficient pier to use as it allows the flow to pass
smoothly around it creating less obstruction to the flow and
hence creating less chances of local scouring near the pier toe.
Keywords : CFD , Loft Operation, Post-processing,
Pre-processing, Scour Hole.

I. INTRODUCTION
Local Scouring around bridge pier foundations can lead to
the partial failure or the complete collapse of the hydraulics
structures. In a steady current flow, if a vertical pier is placed
on the bed it introduces changes to the flow pattern that
interfere with the riverbed. Characteristic flow structures are
the horse shoe vertex (formed upstream of the pier) and
trailing vortex flow pattern (usually in the form of vortex
shedding) that is formed at the downstream side of the pier. A
down flow also exists due to the presence of flow
deceleration upstream of the pier. These changes in the flow
behavior around the piers generally increases the probability
of sediment transport, resulting in local scour around the pier.
Scour is the engineering term for the erosion caused by
water on the soil nearby any hydraulic structure. Scouring
phenomenon is a very complex problem as many parameters
such as flow depth, velocity, shape of pier, size of pier, types
of bed materials etc. control the scouring. Scouring around
piers occurs due to the formation of horse shoe vortex
forming in front of the pier.
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Due to this phenomenon, the bed material dislocates which
results in scour. Excessive local scouring can happen due to
repeated flood events. The boundary layer present near the
pier toe undergoes a 3D separation. The separated shear layer
swirls up along the pier wall forming a vortex flow upstream
of the bridge pier which is carried far away downstream by
the flowing water. The shear stress acting on the river bed is
consequently increased and exceeds the threshold value of
bed shear stress due to the generation of the horseshoe vortex
and the associated down flow around the piers. Therefore, the
sediment transport capacity of the flow increases drastically.
As a consequence, a deep scour hole is starts forming around
the bridge pier. The formation of the scour hole changes the
flow pattern causing a reduction in shear stress by the flow
and a consequent reduction in the sediment transport
capacity. However, the stronger flow increases the scouring
rate as compared to weaker flow field. The void or depression
formed around the pier, as sediment is carried away from the
river bed is called as scour hole. The strong vortex motion
formed in the presence of the pier, displaces the bed
sediments near the pier toe. The scour hole around the bridge
pier gradually deepens as the down flow swirls up and
interacts with the upstream flow forming a complex vortex
system.
Bridge piers with cylindrical shape (circular cross section)
are the most general used pier. As the flow goes around a
pier, bed sediments from the flat bed geometry are often
eroded. These eroded sediments again settle down slowly
around the pier. The scouring rate is higher than the sediment
settling rate at the beginning and at equilibrium both erosion
and settling of sediments reaches a steady rate. The initially
higher rate of scouring results in equilibrium fixed scour hole
around a pier.
II. LITERATURE REVIEW
The flow around bridge piers has been extensively studied for
many years. Due to complexity of the flow structures, the
study is being limited to experimental. But in the last decade,
an increasing interest in numerical simulation studies has
been found which makes the study of every complex flow
behavior relatively easier. Prasanna SVSNDL and Suresh
Kumar(2018) studied the flow behavior and the scour
phenomenon around the bridge piers using numerical
simulation using k-ɛ turbulence model. They estimated the
scour depth with the help of well-known empirical formula.
Two shapes of the pier was taken namely circular and oblong
shaped pier. They also conducted the experiments. The
numerical simulation were in good consonance with the
experimental results.
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Hence CFD simulation tool can be used for wide
understanding of the flow behavior around the bridge piers
even without physical model studies. Wen Xiong, Pingbo
Tang, Bo Kong and C. S. Cai(2016) proposed a three
dimensional bridge scour model using eulerian multiphase
model. Water is used as the primary phase and sediments are
treated as secondary phase.
They also investigated the three dimensional scour method
for single phase flow using water as the only phase and
compare it with multiphase model. The two phase flow
model for bridge scour is more accurate as compared to
single phase model for safe and long term bridge designs in
various river environments. They concluded that by
optimizing the pier shapes or geometry, local scouring near
the pier toe can be reduced. Mohammad Vaghef, Hamed
Dashtpeyma, Arash Adib and Javad Roohian(2011) they had
done the numerical analysis of flow pattern around square
bridge piers. Important variation factor they had taken is the
Froud number of flow which was taken as 0.14, 0.1, 0,2 and
0.3. They showed the variation of velocity in flow domain
and shear stress distribution on river bed for each of the four
froud number. From this study, they concluded that as the
froud number of the flow increases, the velocity near the bed
surface gets increased resulting in the rise of shear stress on
lateral sides of the square pier. Zaid Hadi Obeid and Dr.
Abdul Hassan K Al-Shukur used the CFD technique to
simulate the 3D flow and local scouring around bridge piers.
Navier-Stokes equations are solved with finite difference
method with RNG k- turbulence model. Volume of fluid
(VOF) technique is used to analyze the free water surface.
They used six different shapes of bridge piers namely
rectangular, oblong, elliptical, sharp nose, hexagonal and
streamlined. J. S. Antunes do Carmo (2005) studied and
analyzed the scour process in a fluvial environment in order to
prevent a construction from failing. Through their
experimental study, they had studied the scour failures. The
necessary data common to all empirical formulas were taken
as flow depth h and U of design flood, sediment properties
expressed as d50, pier size D, pier shape and alignment. They
had taken four points above, behind, left and right of the pier
and their distance from the pier, scour depth at the point and
velocity at the point are measured and calculated. J. A.
Vasquez, B. W. Walsh (2018) used a finite volume
hydrodynamic model with k-ε turbulence modeling to
simulate the 3-D flow around a pile. All the most important
attributes of the scour process such as shape of scour hole, horse
shoe vortex, sliding of sand on scour hole sides and bed ripples
are thoroughly examined and collected by them. The
equilibrium scour depth obtained during numerical results
agreed fairly well with the experiments.Aghaee et al(2010)
carried out a 3D numerical simulation to study the turbulent
flow around a vertical circular pier. The study adopted fully
developed hydrodynamic equations viz., RANS equations
and Space Averaged Navier-Stokes equations. The numerical
model results showed that the length and intensity of the
wake and the horseshoe vortices were mainly affected with
the turbulence models used. P. X. Ramos, R. Maia, L.
Schindfessel, T. De Mulder, J. P. Pêgo (2016) In their study,
the three dimensional flow around a cylindrical pier mounted
on a flat and fixed bed is examined and numerical results are
obtained and analyzed. A three dimensional Navier Stokes
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model was also set up using Large Eddy Simulation(LES)
approach. PISO solver was employed to study the turbulent
flows. The experimental and the numerical results of velocity
profiles around the pier and on the surface bed showed almost
the same trend. Deepika Bhulla, Rajendra Magar (2017) In
this study, the scour phenomenon around bridge pier is
explained. They also showed to prevent scouring, various
factors affecting the scour depth, methods for predicting the
scour and the measures that should be considered. According
to them, the main factors involves characteristics of stream
flow, characteristics of the bed materials, characteristics of
pier and the depth of flow. They also studied the recent
equations for calculating the scour depth such as
Lacey-Inglish equation, Laursen-Toch equation, Melville and
Sutherland equations. They suggested the Riprap protection
for minimizing the scouring. They also suggested a formula
to calculate the thickness of Riprap, twenty bridges were
provided Riprap protection in Sweden using this equation and
none showed significant scouring.
III. OBJECTIVE OF THE STUDY
There are many factors on which local scouring around
hydraulics structures depends like size of the pier, shape of
the pier, flow depth and flow velocity. Among all the factors,
we have taken only pier shape as the only variation factors
keeping all other factors constant.
The main objectives of the study are:
1. Computational Fluid Dynamics Studies of local scouring
around bridge piers of various cross sections namely
Circular, Square, Elliptical and Streamlined shaped piers.
2. To study the variation in pressure, shear stress and
turbulent kinetic energy distribution around bridge piers of
various shapes.
3. To study the variation in velocity profiles around bridge
piers of various shapes.
IV. METHODOLOGY
4.1 CFD Model
A three dimensional model is being constructed using
Ansys Fluent and eulerian multiphase model. Water is treated
as primary phase and sediments are treated as secondary
phase. The geometry of the model is given below :
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Figure 1. CFD Model
➢ Inlet Velocity is taken as 0.5 m/s.
➢ Dimensions of Rectangular Flume,
Length = 1.5 m
Width = 0.4 m
Height = 0.3 m.
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➢ Pier is located at 0.8 m from the inlet end.
➢ Dimensions of the Pier
• Circular Pier, Diameter = 80 mm
• Elliptical Pier, Major length = 80 mm
Minor length = 40 mm
• Square Pier, Length = 80 mm
• Streamlined Pier, Major length = 160 mm
Minor length = 80 mm.
4.2 NUMERICAL MODEL
Numerical Modelling basically involves two steps,
namely Pre-processing and Post-processing. Pre-processing
includes geometry generation, named selections, mesh
generation and setup. Whereas, post-processing includes
results part.
4.2.1 Geometry
The Geometry of the three dimensional model is
constructed for all the four Pier shapes. The length, width and
height of the rectangular flume is taken as 1.5 m, 0.4 m and
0.3 m. Separate zones are assigned to sand bed and flow
domain each of height 0.3 meters. The fixed scour hole is
considered for each pier shape and the depth of scouring for
circular, elliptical, square and streamlined shape is taken as 3
cm, 2 cm, 3.5 cm and 1.5 cm respectively. The scour hole
geometry is constructed using the Loft Operation.

Figure 2. Geometry of Circular Pier

Figure 4. Geometry of Square Pier

Figure 5. Geometry of Streamlined Pier
4.2.2 Mesh
In the present study tetrahedral meshing is used in all the
four cases. Size function is taken as uniform; relevance center
is taken as fine. Speaking about the smoothening, it is taken
as high. Patch conforming method is used for flow domain
and sand bed using tetrahedron meshing. Edge sizing is
carried out for the pier and scour hole geometry using number
of divisions method. The minimum size of the cells is taken
as 2.3082e-004 m.
The meshing in all the four cases of pier is constructed with
the same method. The meshing for square pier is given below
along with the zoom view.

Figure 3. Geometry of Elliptical Pier
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Figure 6. Meshing of Square Pier
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Figure 10. Named Selections of Square Pier

Figure 7. Zoom View of Mesh (Square Pier)
4.2.3 Named Selections
Named Selections is being carried out for all the four
3-Dimensional model. The inlet is taken at the left end of the
flume and outlet is taken at the right end. The flume height is
divided into two equal parts, the upper half is named as flow
domain and the below half is taken as sand bed. Named
selection is also done for the pier wall, flow domain walls and
the sand bed wall. The top surface is considered as free
surface with zero shear stress condition.

Figure 8. Named Selections of Circular Pier

Figure 11. Named Selections of Streamlined Pier
4.2.4 Setup and Boundary Conditions
Setup is the most important pre-processing step in Ansys
Fluent. In setup, we have to decide which model should be
employed to solve the continuity equation, momentum
equation and energy equation. For single phase flow
multiphase model is switched off and for two phase or three
phase flow, multiphase model is switched on. Multiphase
modeling can be done by Eulerian multiphase model,
Volume of fluid(VOF) multiphase model and Mixture model.
If the flow is laminar, Laminar viscous model is used and if
the flow is turbulent, we can use either of k-ɛ turbulence
model or k-ω turbulence model or Reynolds Average Navier
Stokes equations(RANS) model.
The Material properties can be altered as per the flow
situations. In case of multiphase flow like scouring on river
bed, water liquid is represented as the primary phase and
sediment load is defined as the secondary phase. The region
in the vicinity of the pier is patched with sand with volume
fraction as 1 and diameter 0.0005 m. The packing limit of the
sand is taken as 0.63 and granular viscosity 1e-05 kg/m-s.
Table-I: Numerical Setup
Model Phase
Turbulence
Model
Material
Properties

Multiphase Eulerian Model
Realizable k- ɛ Turbulence Model
with Standard Wall Function
Water liquid - Primary Phase
Sediment(Sand)- Secondary Phase

Acceleration due
to gravity
Cell Zone
Conditions

Figure 9. Named Selections of Elliptical Pier

Included, g = 9.81m/s2 in negative ydirection
Flow Domain - Fluid
Pier - Solid
Sand bed - Solid
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Table-II: Boundary Conditions
Section
Inlet

Type
Velocity Inlet

Initial Value
0.5 m/s

Outlet

Pressure Outlet

Gauge Pressure = 0

Flow
Domain
Sidewall
Pier Wall

Wall

Stationary Wall with
No slip condition

Wall

Top
Surface

Wall

Sand Top

Wall

Stationary Wall with
No slip condition
Stationary Wall with
Zero Shear Stress
(Free Surface)
Stationary Wall with
No slip condition

V. RESULTS
Figure 13. Residual Error Plot of Elliptical Pier

The numerical modelling procedure of the multiphase flow
behavior is consisting of two main steps. The first step is the
creation of geometry and mesh generation. The second
consists of calculation of flow field in the flow domain. After
generating the geometry and mesh, the solution setup
includes defining the general and multiphase model, primary
and secondary phases and their interaction. Turbulence and
viscous model, boundary conditions, initialization of the flow
field. After the convergence of the solution is obtained,
post-processing and analysis of results are made.
After getting the numerical solution, the values of the flow
parameters like pressure, velocity, shear stress etc. are
predicted in the x, y and z direction.
5.1 Residual Error Plot
As shown below in the residual error iteration plot, the
errors are gradually decreases with increase in number of
iterations. . Number of iterations are 280 with time step size
as 0.05 sec and number of time steps as 70. Number of
iterations per time step is four.

Figure 12. Residual Error Plot of Circular Pier

Retrieval Number: A1002109119/2019©BEIESP
DOI: 10.35940/ijeat.A1002.109119
Journal Website: www.ijeat.org

Figure 14. Residual Error Plot of Square Pier

Figure 15. Residual Error Plot of Streamlined Pier
5.2 Pressure Distributions
The pressure contours are shown on the pier wall, sand
bed. The region where the pressure values are greater are
more to local scouring. The pressure values are also collected
and compared on the 3 lines Line1, Line2 and Line3 on the
pier wall for all the four pier shapes.
5.2.1 Pressure Distribution on Pier Wall
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Figure 20. Pressure Comparison on Line 1

Figure 16. Pressure Contour on Circular Pier

Figure 21. Pressure Comparison on Line 2

Figure 17. Pressure Contour on Elliptical Pier

Figure 18. Pressure Contour on Square Pier

Figure 22. Pressure Comparison on Line 3
The Pressure acting on the toe of circular, elliptical, square
and streamlined pier are 127 Pa, 83.03 Pa, 142.37 Pa and
80.09 Pa respectively. The pressure value at the streamlined
pier toe is 43.74%, 3.54% and 36.93% less than the square,
elliptical and circular pier respectively.
5.2.2 Pressure Distribution on Sand Bed

Figure 23. Pressure Contour on Sand Bed (Circular Pier)
Figure 19. Pressure Contour on Streamlined Pier
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Figure 24. Pressure Contour on Sand Bed (Elliptical Pier)

Figure 25. Pressure Contour on Sand Bed (Square Pier)

Figure 28. Pressure Comparison on Lateral Line
The pressure acting on the sand bed near the upstream toe of
circular, elliptical, square and streamlined pier are 65.56 Pa,
66.87 Pa, 89.59 Pa and 60.97 Pa respectively. The pressure in
case of streamlined pier is 31.94%, 8.82% and 7% less than
the square, elliptical and circular pier respectively.
5.3 Shear Stress Distributions
When the flow field gets passed around the pier, it gets
obstructed by the pier wall resulting in the increase in shear
stress near the toe of pier . The shear stress when exceeds the
threshold value, local scouring gets induced around the pier.
Shear stress distribution is shown on the pier wall and sand
bed. The shear stress values are also collected and compared
on 3 lines Line 1, Line 2 and Line 3 on the pier wall.
5.3.1 Shear Stress Distribution on Pier Wall

Figure 29. Shear Stress Contour on Circular Pier
Figure 26. Pressure Contour on Sand Bed (Streamlined
Pier)

Figure 30. Shear Stress Contour on Elliptical Pier
Figure 27. Pressure Comparison on Longitudinal Line
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Figure 35. Shear Stress Comparison on Line 3

Figure 31. Shear Stress Contour on Square Pier

The graph showing shear stress comparison on line 1
indicates the shear stress values as 1.97 Pa, 0.25 Pa, 0.11 Pa
and 0.02 Pa for circular, elliptical, square and streamlined
pier. The shear stress in streamlined pier is 81.81%, 92% and
98.98% less as compared to square, elliptical and circular pier
respectively.
5.3.2 Shear Stress Distribution on Sand Bed

Figure 32. Shear Stress Contour on Streamlined Pier

Figure 36. Shear Stress Contour on Sand Bed (Circular
Pier)

Figure 33. Shear Stress Comparison on Line 1

Figure 37. Shear Stress Contour on Sand Bed (Elliptical
Pier)

Figure 34. Shear Stress Comparison on Line 2
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9.26%, 3.92% and 2% less as compared to square, elliptical
and circular pier respectively.
5.4 Turbulence Kinetic Energy
Turbulence Kinetic Energy distribution is calculated on a
longitudinal plane and also compared on a longitudinal line
taken just near the sand bed. More turbulence kinetic energy
indicates more turbulence in the flow which increases the
chances of local scouring near the pier toe.

Figure 38. Shear Stress Contour on Sand Bed (Square
Pier)

Figure 41. Turbulence Kinetic Energy (Circular Pier)

Figure 39. Shear Stress Contour on Sand Bed
(Streamlined Pier)
Figure 42. Turbulence Kinetic Energy (Elliptical Pier)

Figure 43. Turbulence Kinetic Energy (Square Pier)
Figure 40. Shear Stress Comparison on Longitudinal
Line
Shear stress on the sand bed near the circular, elliptical,
square and streamlined pier is 0.50 Pa, 0.51 Pa, 0.54 Pa and
0.49 Pa respectively. Shear stress in streamlined pier is
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Figure 44. Turbulence Kinetic Energy (Streamlined Pier)

2. Formation of horse shoe vortex is the first stage of local
scouring phenomenon. In the present study, a fixed scour
hole is considered around the piers. The scour hole
geometry of each pier is constructed by taking
information from the general scour hole formation
around each pier.
3. The present numerical analysis mainly focuses on the
variation of pressure, shear stress and turbulence kinetic
energy in the flow domain of the three dimensional
model.
4. The flow field makes direct impact on the upstream face of
the pier. Through numerical results, it can be concluded
that lesser the projected area of the upstream face of the
pier lesser will be the obstruction to the flow and lesser
will be the chances of formation of horse shoe vortex.
Therefore, Streamlined pier is more effective to use as
compared to other pier shapes.
5. The shear stress variation on the sand bed shows that the
region near the toe of square pier is the most prone to
local scouring due to greater value as compared to other
pier shapes. This concludes that square pier is the least
effective and should be prohibited wherever possible.
6. From the results of turbulence kinetic energy variation on
longitudinal plane and longitudinal line on the sand bed,
it can be concluded that the circular and square shaped
piers offer more turbulence as compared to streamlined
and elliptical pier.
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