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Introduction:

Insertion of different water structures such as bridge piers in the flow path contracts the flow
cross section and causes backwater at upstream sections. The velocity and turbulence of flow
increases around these structures and bed scouring will occur. To discover the effect of different
structures in the vicinity of channel junctions on flow and sediment patterns, precise studies
should be conducted. The effects of bridge pier on flow and sediment patterns in stright and
curve open channels have been investigated (Salaheldin et al., 2004, Tabib zadeh et al., 2005).
However, its effect on flow and sediment patterns at open channel confluences has rarely been
studied.

Methodology:

The current study used a finite volume CFD model (SS1IM1) to compute flow and sediment

pattern at a 60 degree channel confluence including a bridge pier. SSIIM1 program uses a
structured grid and, solving Navier-Stokes and the standard k —sturbulence model at the same
time, simulates the flow and sediment at a junction of channels. A computer program was
prepared to provide the required mesh.
First, using the experimental data of Ghobadian (2006), the model was calibrated for flow and
sediment cases in the absence of bridge pier. Then the effect of the circular bridge pier with the
dimensionless radii of 0.05, 0.1, 0.15 and 0.2 (r/w, r=pier bridge radius, w= width of main
channel) on scouring and sedimentation pattern at the confluence zone were studied. Table 1
shows the range of the relevant variables for flow and sediment cases.

Table 1- Ghobadian’s (2006) experimental data

Data Main Lateral Discharge Tail Main Lateral Grain
channel channel ratio water channel channel size
flow(L/s) flow(L/s) depth bed bed D50(mm)
(cm) wide(cm) wide(cm)
Flow 8.83 16.67 0.66 20 35 25 -

Sediment 10 10 0.5 12.76 35 25 1.95
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Findings

Calibration of model for flow and sediment:

The calibration of SSIIM1 model for flow and sediment patterns at the 60 degree channel
confluence in the absence of bridge pier showed that the model had a good accuary to predict
longitudinal velocity and bed changes. The comparison of the measured and the simulated
longitudinal velocities showed that the model predicted longitudinal velocity with 90% accuracy.
The R square of the measured and calculated velocities was 0.8641. Moreover, the results of the
calibration of model for sediment case showed that the model had a retively good accuracy to
predict bed changes. The R square of the measured and calculated bed changes was obtained to
be 0.738.

The effect of bridge pier on scouring and sedimentation pattern:

The results of the presence of bridge pier at the channel confluence with the dimensionless radii
of 0.05, 0.1, 0.15 and 0.2 on scouring and sedimentation pattern indicated that when the bridge
pier radius was small (r/w=0.05 and 0.1), the bridge pier reduced scouring at the channel junction
because the difference between upstream and downstream water levels compared to the without-
bridge case had decreased.. This reduction for relative radii of 0.05 and 0.1 were 38 and 6
percent, respectively. When the bridge pier radius was large (r/w=0.15 and 0.2), due to the
reduction of effective width of the main channel, the bridge pier caused intensification of
scouring at channel junction. This increase for relative radii of 0.15 and 0.2 were 17 and 68
percent, respectively.

Also, the compasion of the without-bridge case with the case of bridge pier with r/w=0.2
showed that the insertion of the bridge pier in the vicinity of scouring zone casued to expand and
tend this zone to the left bank of the main channel. For this case, three sedimentation bars at the
rigth bank, the centerline, and the left bank of the main channel were observed. Figure 1 shows
the results of this analysis.

o | —>
Y(m) Y(m)

a b
Figure 1. Compasion of scouring and sedimentation patterns a)without bridge pier b)with
bridge pier(r/iw=0.2)

The comparison of the predicted scouring depths with the results of emprical equations shows
clear differences between them. This diffrence could be due to the discharge of tributary channel
which changes the usuall pattern of sediment around the bridge piers. The calculated scouring
depths with SSIIM1 model and a few emprical equations are shown in Table 2.

Table 2- Comparsion of scouring depths

dimensionless  Simulation Empirical Equations(m)
radius (m)
SSIiM1 Laursen- Liuetal. Laursen(1962) CSU(1975) Froehlich(1988)
Toch (1961)
(1956)
r/w=0.05 0.029 0.078 0.021 0.028 0.073 0.021
r/w=0.1 0.044 0.127 0.055 0.028 0.114 0.033
r/w=0.15 0.055 0.17 0.096 0.029 0.115 0.042

riw=0.2 0.079 0.209 0.139 0.03 0.179 0.051
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Conclusion

Using the SSIIM1 model, the flow and sedimentation structures at 60 degree channel junction
were simulated and the model was calibrated by experimental data. Then the effect of circular
bridge pier with dimensionless radii of 0.05, 0.1, 0.15 and 0.2 (r/w, r=pier bridge radius, w=
width of main channel) on scouring and sedimentation pattern at the confluence zone was
investigated. The results showed a good agreement between the simulated velocity profiles given
by the SSIIM1 model and the experimental measurements. Also, the ability of the model to
predict the location and amount of scouring depth was very satisfying (error was less than 10%)
but the height of sedimentation bar was higher than that of the experimental data.
Comparison of the two cases (with and without bridge pier case) showed that the position of
maximum bed shear stress moved from near the separation zone to the sideways of the bridge
pier. In other words, the bed shear stress and the sediment pattern in the presence of bridge pier
changed from the common pattern of bed shear stress and sediment patterns at channel
confluences to the pattern of bed shear stress and sediment around the bridge pier in straight
channels.
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