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Nonlinear aerodynamic identification of bridges based
on Hilbert Huang transform
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Abstract : [Objective] A study has been conducted on the identification of nonlinear acrodynamic forces during the vortex-induced
vibration (VIV) of bridges. [ Methods] A method based on the Hilbert-Huang transform is proposed, and first preprocesses the
bridge’s time-history data. Then, the Empirical Mode Decomposition (EMD) method is applied to the processed data. After the
dominant Intrinsic Mode Function (IMF) is obtained, the Random Decrement Technique (RDT) is combined to obtain the free-decay
curve. Finally, required parameters are identified and obtained through the Hilbert transform. [ Results] Numerical examples and wind
tunnel experiments show that, when the bridge is located within the VIV lock-in range, the method proposed in this paper can
accurately identify the bridge’s nonlinear aerodynamic forces. [ Conclusions] On one hand, the identification method proposed herein
can well simulate the nonlinear form of aerodynamic forces. On the other hand, conclusions obtained in the identification process
regarding characteristics of nonlinear aerodynamic forces include: within the VIV lock-in range, the vibration frequency of the bridge
is close to its natural frequency; at the same time, the instantaneous damping ratio of the bridge is related to the instantaneous

amplitude of the structure and the wind speed.
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Fig. 7 The system displacement under wind tunnel test with different wind speed conditions

(comparison before and after filtering)
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Fig. 8 The marginal spectrum of the system signal under wind tunnel test with different wind speed conditions
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Tab. 2 Damping ration under wind tunnel test with different wind speed conditions
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Fig. 9 The relationship between instantaneous alamping ratio and amplitude under wind tunnel test
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