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Wind, Steel, and Sustainability:
Stability and Comfort for Bridges

Fatiha El Azrak, John Leander, Raied Karoumi, Abbas Zangeneh Kamali, Sasan Sadrizadeh

Wind-induced vibrations are not just a structural challenge; they impact user comfort,
require maintenance, and highlight the importance of sustainable design in terms of
economic efficiency, social well-being, and environmental preservation, ensuring a
resilient future for bridges.

How does wind-induced vibrations impact the resilience of
bridge components?

This study investigates the excessive vibrations of hangers on the newly
constructed Bomarsund Bridge in Aland, where moderate wind gusts
have caused resonance and fatigue issues. Initially, Computational Fluid
Dynamics (CFD) simulations in ANSYS Fluent were used to analyze the
wind domain and the aerodynamic properties of the bridge's hangers,
both in 2D and 3D and . These analyses revealed critical wind speeds
range, where aerodynamic coefficients peak and flow turbulence may
induces resonance .

The current phase of the study focuses on Fluid-Structure Interaction
(FSI) in this critical wind speed range, examining how the aerodynamic
forces interact with the structural response of the hangers.

Long-term monitoring systems installed on site confirm these findings,
showing significant stress and fatigue under moderate wind speeds. The
vibrations have raised concerns among users, highlighting the need for
additional maintenance or mitigation systems, leading to unanticipated
costs shortly after construction.

Lift Coefficient at Varying Wind Speed Findings
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0.6 The critical wind speed range for the structure is between 5—10 m/s,
| with oscillations in the lift direction peaking at 7.5 m/s. This indicates
05 the formation of a vortex street, which can trigger resonance in the
30.4 structure. To further analyze this phenomenon, ongoing studies are
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One potential solution to mitigate drag forces and reduce lift amplitude
0.1 in this critical wind speed range is to adopt more aerodynamic profiles
0.0 for the bridge components. For example, incorporating rounded edges
0 5 10 15 20 25 30 35 into the design can narrow vortex formation and prevent point
Um/s separation issues, enhancing the overall aerodynamic performance.
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