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Abstract

Introduction: Complex bridge piers comprising multiple piers, a cap, and columns introduce complex
flow dynamics due to their structural intricacies. Previous research has predominantly focused on
scouring, often neglecting the turbulent flow patterns which are critical for comprehensive hydraulic
engineering analyses. This study addresses this research gap by characterizing the turbulent flow
around composite bridge piers, aiming to inform improved structural design strategies that enhance

durability and safety.

Methodology: The numerical simulations employed in this research utilized the advanced
computational fluid dynamics software, Flow3D, known for its precision in modeling complex flow
scenarios. The numerical model was validated against the experimental results provided by Beheshti
and Ataie-Ashtiani (2010), ensuring reliability and accuracy. Complex pier geometries were
meticulously crafted in AutoCAD and converted as *.stl file for integration into Flow3D. The RNG
turbulence model was applied to solve the flow equations effectively, capturing the detailed
characteristics of turbulence around the structures. The simulation settings were rigorously managed,
with a total simulation duration of 500 seconds, achieving flow stability at around 220 seconds. The
computational phase was completed in approximately 12 hours, emphasizing the detailed and
extensive nature of the analysis required to capture the complex flow patterns.

Results and discussion: The simulations revealed significant insights into the flow dynamics around
complex bridge piers. The interaction of flow with the piers, cap, and columns results in lateral flow
deflection, leading to distinct zones of varying velocity. Low velocity regions were identified between
consecutive piers, while high velocity zones manifested along their lateral sides. The formation of
vortices downstream of each pier was a key finding, with these vortices growing in intensity and size
with increased distance from the bed, observable up to a downstream distance of approximately seven
cap lengths. The highest flow velocities were noted at the upstream corners of the cap’s lateral face,
indicating a significant alteration and acceleration of flow due to structural blockages.
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Shear stress was predominantly higher at the pier edges, with the maximum stress observed around the
first pier encountering the flow, suggesting a higher susceptibility to scouring at this location. The
turbulence intensity was notably elevated at points where the flow impacted the piers, columns, and
cap. These results provide a critical foundation for the design of composite bridge structures,
highlighting the necessity to account for complex flow interactions to mitigate potential hydraulic
issues.

Conclusions: The comprehensive numerical analysis conducted in this study not only enhances the
understanding of flow behavior around composite bridge piers but also serves as a vital reference for
engineers designing safer and more resilient bridge structures in challenging hydraulic environments.

Keywords: Complex Bridge Piers, Turbulent Flow, Scouring, Flow Mechanisms, Numerical
Modeling.
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Fig. 1 Several types of complex bridge piers including
pile groups, pile cap, and a column (a), some columns
(b). (Yang et al., 2024)
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