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Abstract: In this study, FLOW-3D numerical model was used to simulate the scour pattern and the
changes on the bed induced by the impact of the pier in the vicinity of the rectangular abutment for two
spacing. The verification tests revealed that the numerical model could predict the maximum scour
depth of about 74 and 86 percent of the actual scour depth for abutment and pier, respectively. Also,
the LES model is more accurate than K-e and RNG models. In addition, the results showed that closer
pier to the abutment, more increase on scour depth, which is compatible with previous studies.
Furthermore, by increasing u/ucr, the local scour depth around each structure and the scouring pattern
has no considerable changes. Moreover, an average of 70% scouring occurs in 20% of the initial
scouring time.
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Introduction: The scouring mechanism at the abutment is very similar to the pier of a bridge; such that the
decrease in current intensity near the upstream of the abutment, a vertical pressure gradient is created, this pressure
gradient moves downwards to become the initial vortex, the size of which expands with the development of the
scour cavity (Melville, 1997).

The bridge pier near the abutment causes deepening of the scour near the support (Hong, 2005). However, the
scouring depth is determined prominently by the scouring of the abutment and that this value may be greater than
the scouring depth of a pedestal alone.(Oben-Nyarko and Ettema, 2011; Karami et al., 2017).

The length of the abutment has an essential effect on its scouring depth, such that by doubling the length of the
abutment, the scouring increases by about 18 times and decreases with decreasing abutment distance (Arab and
Zomorodian, 2016; Anjomrooz et al., 2018).

In the present study, we applied FLOW-3D to build a numerical model to investigate the effect of changing the
piers' distance from the abutment on the scour depth and scour rate around the two piers.

Material and Methods: Flow-3D is one of the most potent applications in computational fluid dynamics. This
research makes applications to solve the mean Navier-Stokes equations of time (Reynolds equations) using the
finite volume method under a rectangular grid on the base of the Eulerian theory.

The flow continuity equation is written as Equation (). FLOW-3D calculates the load transport of each sediment

type, including bedload transport, separately. FLOW-3D calculates the load transport of each sediment type,
including bedload transport, separately. The dimensionless form of the bed load transfer rate in terms of n is written

by Equation (Y), in which d, is obtained from Equation (Y).

We used the laboratory results obtained from the research conducted by (Hosseini et al., 2016) to validate the
numerical model and adopted the study undertaken by (Khosronejad et al., 2012) to model the pier scour.
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A rectangular channel with a length of 6 meters, a width of 1.21 meters, and a height of 0.45 meters; was used to
model the bridge pier and abutment. Fig. 2 shows the rectangular channel a pier and abutment placed in, and Table
one describes the model configuration.

Results and Discussion: For the three-dimensional simulation of flow, the geometry of the field was discretized
into a fine mesh. Fig. 2 shows the boundary conditions assigned to the numerical model. Then, three turbulence
models, K-e, RNG, and LES have been investigated to compare the maximum scour depth in the rectangular
channel for a flow rate of 0.052 m3/s, and their results are shown in Table 3.

The results indicate that the LES turbulence model can estimate the maximum scour depth for the bridge pier and
the abutment. Although the LES turbulence model takes more time to run, it is more accurate and presents a
scouring pattern similar to the following laboratory sample justifying the computational costs. The maximum scour
depth at the bridge abutment estimated by the LES model is about 74% of the measured value, while its maximum
scour depth measured at the bridge's pier is 87%.

Fig. 3 and Fig. 4 illustrate the bed changes around the abutment and the bridge pier for the numerical and laboratory
model. Comparing the bed changes and the location of maximum scour depth for the numerical model of pier and
abutment and results of laboratory models shows that the numerical model has a good capability in simulating bed
changes and local scour around each of the abutment structures and bridge pier.

Comparison of scour time development resulting from numerical models around the abutment and bridge pier with
laboratory models, Fig. 6, shows that 70% of the maximum scour depth in the abutment area occurs in 20% of the
initial scour time, which is relatively consistent for both numerical and laboratory models.

Examination of substrate changes, Fig. 7-Fig. 11, shows that a deep scouring depth occurred for the abutment and
at the upper-right edge of the forehead. And by reducing the pier distance from the abutment in the models, the
maximum scours depth around the pier, and abutment structures have undergone significant changes.

Conclusion: Comparing the scour pattern and the location at which the maximum scour-depth for pier and
abutment resulted by the numerical model with experimental, shows that the numerical model procured using
FLOW-3D can well simulate bed changes and local scour around the bridge pier and abutment. Furthermore,
increasing the relative velocity of the flow, strengthening the eddy currents around the pier and abutment,
consequently arising the scour depth; as the relative velocity increases by 10%, the scour depth increases by about
50%. Moreover, when the distance from the base to the abutment decreases, the scouring depth around the
rectangular abutment increases.

© 2022 University of Zabol, Zabol, Iran.
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Table 2 Comparison of Maximum Scour Depth in
Abutment and Pier for Different Turbulence Models and
Experimental Results, considering consumed simulation

time.
Experim Turbulence Model
ental

Model K-¢ RNG LES

Abutment 0.27 0.18 0.173 0.20
Simulation Time (hr) 3:20 6:15 8:30
Pier 0.077 0.048 0.042 0.067
Simulation Time (hr) 4:40 7:15 10:30
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Table 1 Models provided based on distance from abutment

and (u/u,,)
Model u/u.,.  Distance from abutment
APFS85 0.85 0.47
APF95 0.95 0.47
APN.SB5 0.85 0.26
APN.95 0.95 0.26

Fig. 2 Boundary conditions used in numerical model
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Fig. 3 3D view of scour depth around a rectangular
abutment. (a) Experimental Model (Hosseini et al., 2014)
(b) Numerical Model.
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Fig. 5 Variation of longitudinal profile around rectangular abutment in numerical and experimental model

@Li.:euﬂ 5 g0 Jow o bains o5aSs BLbl o sy Job Judg, Ol oS O s

1.2

0.8
0.6
0.4
0.2

ds / dsmax

t/T

02 04 06 08 1
eeeeoFLOW-3D —@— EXP

(@)

0

1.2

0.012
0.01
%0.008
£0.006
0.004
£0.002

t/T

0 02 04 06 038 1

eeeoe FLOW-3D —O—EXP
(b)

Fig. 6 Temporal variation of scour in numerical and experimental model (a) at abutment (b) at pier
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Fig. 10 Sectional bed variations in the vicinity of pier and abutment (a) A.P.F (b) A.P.N
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Fig. 11 Temporal bed variations around pier and abutment in A.P.N model
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Fig. 12 Temporal bed variations around pier and abutment in A.P.F model
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