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Abstract

Introduction: Scouring around bridge piers is a critical issue in hydraulic engineering, as it can lead to
severe structural damage, financial losses, and even casualties due to bridge failure. Researchers
identify local scour around bridge piers as one of the primary causes of bridge collapse. One of the key
factors contributing to an increase in local scour depth is the accumulation of floating debris, such as
tree trunks and branches, around bridge piers. This study aims to investigate the local scour depth at
the piers of the Saqqez River bridge, considering the effects of floating debris accumulation and the
presence of a tributary inflow.

Methodology: This study investigates local scour depth at bridge piers using the HEC-RAS hydraulic
model. The selected bridge spans the Saqqez River within the Lake Urmia basin and comprises five
circular-crested piers. The numerical model applies steady flow equations to calculate hydraulic
parameters and employs two empirical equations-Colorado State University (CSU) and Froehlich-to
estimate scour depth. The CSU equation accounts for correction factors such as pier shape, flow angle
of attack, bed material conditions, and armoring effects. In contrast, the Froehlich equation estimates
scour depth based on the pier shape coefficient. The model is validated using measured water surface
elevations, central channel velocities, Froude numbers, and energy levels for a 100-year flood event.
Flood discharges for return periods of 2, 5, 10, 25, 50, 100, and 200 years are 106, 193, 284, 428, 552,
685, and 742 m*/s for the Saqqgez River and 19, 35, 52, 79, 101, 127, and 153 m*/s for its tributary,
the Vali Khan River. Boundary conditions are defined using standard slope assumptions. To assess the
impact of floating debris accumulation on scour depth, debris dimensions are considered 20 meters in
length and 1.2 meters in width, positioned symmetrically across the pier width. The results
demonstrate the influence of flood magnitude and debris accumulation on scour depth, particularly for
piers located in the main channel.

Results and Discussion: The study divides the bridge piers into two categories based on their
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location: side banks (two piers) and main channels (three piers). Manning’s flow coefficient differs
between these two categories, with a more significant coefficient for side bank piers, leading to lower
velocities and flow rates than the central channel piers. This hydraulic variation influences the scour
depth increment trends under natural conditions, tributary inflow, and debris accumulation across
different flood events. In comparison with prior studies, such as Rahimi et al. (2020), which examined
the effects of accumulated floating objects on scour hole geometry in laboratory experiments using a
constant Manning roughness coefficient, our study considers a more dynamic approach by factoring in
variations in the roughness coefficient between different pier locations. Additionally, Daneshfaraz et
al. (2019) used HEC-RAS to model scour depth under increasing flow conditions and compared
results from empirical equations like CSU and Froehlich, but without considering debris
accumulation, a key focus in this research. Our findings indicate that both tributary inflow and debris
accumulation exacerbate scour depth. Specifically, debris accumulation, especially for side bank piers,
significantly increases scour depth during smaller flood events (2- and 5-year floods). For more
significant flood events, the tributary inflow plays a dominant role in increasing scour depth,
particularly at the intermediate piers in the main channel. This study highlights the critical influence
of debris accumulation and tributary inflows, offering more comprehensive insights into the local scour
dynamics at bridge piers. It underscores the importance of considering these factors for more accurate
flood risk management and bridge design strategies.

Conclusion: This study evaluated local scour at Saqqez River bridge piers using CSU and Froehlich
methods, focusing on debris accumulation and 200-year flood events. Debris significantly increased
scour, especially during 2-year floods. For the 200-year flood, scour depth increased by approximately
1% due to debris accumulation. Branch flow resulted in higher scour depths for central channel piers.
Maximum scour occurred at Pier 4 under branch flow and 200-year flood conditions. Considering
more parameters, CSU results were generally 21-22% higher than Froehlich's, indicating higher
reliability.
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Table 3 The results of scouring piers of the froehlich equation

Time (Years)

2 5 10 25 50 100 200

Pier No.1 0.24 0.4 0.49 0.59 0.64 0.7 0.73

No debris  Pier No.2 0.52 0.63 0.71 0.79 0.84 0.89 0.93

and Pier No.3 0.57 0.67 0.74 0.82 0.88 0.93 0.96

branch

() Pier No.4 0.59 0.69 0.76 0.84 0.89 0.94 0.97

Pier No.5 0.56 0.66 0.73 0.81 0.87 0.92 0.95

Pier No.1 0.29 0.44 0.54 0.63 0.69 0.75 0.79

With Pier No.2 0.54 0.67 0.73 0.81 0.87 0.92 0.96

branch  Pier No.3 0.59 0.7 0.79 0.86 0.91 0.97 1.01

(m) Pier No.4 0.62 0.72 0.8 0.89 0.94 0.99 1.04

Pier No.5 0.59 0.69 0.77 0.85 0.91 0.96 1.01

Pier No.1 0.33 0.45 0.53 0.6 0.66 0.71 0.74

Pier No.2 0.56 0.66 0.73 0.8 0.85 0.9 0.94

With Pier No.3 0.62 0.71 0.77 0.83 0.89 0.94 0.97
debris (m)

Pier No.4 0.65 0.74 0.8 0.86 0.92 0.96 0.99

Pier No.5 0.61 0.7 0.77 0.83 0.88 0.93 0.96
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Table 4 The results of scouring piers of the CSU equation
Time (Years)
2 5 10 25 50 100 200
Pier No.1 0.41 0.56 0.66 0.74 0.81 0.84 0.87
dl\:)O. Pier No.2 0.71 0.82 0.88 0.96 0.99 1.05 1.07
¢ ;‘s Pier No.3 0.72 0.83 0.91 0.99 1.02 1.05 1.07
an
Pier No.4 0.71 0.84 0.9 0.98 1.02 1.05 1.09
branch
Pier No.5 0.69 0.82 0.89 0.97 1.01 1.04 1.06
Pier No.1 0.46 0.61 0.7 0.8 0.85 0.91 0.94
With Pier No.2 0.72 0.85 0.93 0.97 1.03 1.06 1.08
it Pier No.3 0.75 0.85 0.93 1 1.03 1.07 1.12
branch -
Pier No.4 0.76 0.86 0.94 1.03 1.06 1.09 1.15
Pier No.5 0.75 0.84 0.93 0.99 1.04 1.09 1.12
Pier No.1 0.5 0.62 0.69 0.76 0.81 0.86 0.89
With Pier No.2 0.73 0.83 0.89 0.96 1.02 1.05 1.07
delir's Pier No.3 0.77 0.86 0.93 0.99 1.03 1.06 1.08
1
Pier No.4 0.82 09 0.95 1 1.05 1.08 1.1
Pier No.5 0.77 0.85 0.93 0.99 1.02 1.05 1.07
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