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Abstract

To investigate the vortex-induced vibration (VIV) characteristics of a flexible rectangular section
with an aspect ratio of 5:1, numerical analyses were conducted on the multi-modal vibration re-
sponse, spatial-temporal energy distribution, and wake vortex structure of the structure using the
bidirectional fluid-structure interaction (FSI) and large eddy simulation (LES) methods. The results
show that the VIV of the flexible rectangular section exhibits significant multi-modal competition
characteristics, and the amplitude presents an alternating distribution of peaks and troughs along
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the spanwise direction. At the amplitude peaks, the energy is concentrated with high vibration in-
tensity, dominated by the 2S vortex shedding mode. At the amplitude troughs, the energy is widely
distributed with low vibration intensity, dominated by the 2P vortex shedding mode. With the in-
crease of wind speed, the order of the dominant mode rises, and the amplitude of higher-order modes
decreases. The conclusions can provide a reference for the wind-resistant design and VIV mecha-
nism analysis of bridge bluff sections.
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Figure 1. Fluid-structure interaction calculation flowchart
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Figure 2. Computational domain and boundary conditions
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Table 1. Grid independence verification
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1 303 x 10* 25x10™ 0.161 0.282
2 621 x 10* 25x10* 0.170 0.278
3 807 x 10* 25x10% 0.169 0.281

Figure 3. Computational mesh configuration
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Table 2. Modal parameters of the aeroelastic model for the rectangular cross-section
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Table 3. Numerical simulation cases for different vibration modes
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Case-2 3 0.01488 34
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Figure 4. Spanwise distribution of RMS amplitude at different wind speeds
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Figure 5. Spatio-temporal multi-modal response for Case-1
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Figure 6. Spatio-temporal multi-modal response for Case-3
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Figure 7. Spatio-temporal multi-modal competition for Case-1
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Figure 8. Wake vorticity and time-history of lift coefficient for Case-3
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