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Chaos characteristics of wind-induced vibrations for bridge
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Abstract: According to nonlinear theory and chaotic time series analysis method, the
mathematical model of bridge wind-induced vibration was built. The MATLAB program for
calculating the Lyapunov exponent of bridge vibration acceleration time series was developed, and
the flutter and vortex vibration were tested in wind tunnel. Under various wind attack angles,
the damping ratios of bridge wind-induced vibrations, the relationships between Lyapunov
exponents and wind speeds, and the relationships between vortex vibration amplitudes and wind
speeds were analyzed, and the chaos characteristics of flutter and vortex vibration were studied.
Test result indicates when wind speed is less than critical wind speed (15.5 m « s '), the

Lyapunov exponent is negative in flutter test, and the close correlation between Lyapunov
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exponent and damping ratio is found. When wind speed increases from 3 m* s ' to 18 m * s ',
the phase space becomes divergent gradually. In vortex vibration test, when wind speed increases
from4.5m=+s '"to8 5m=+s ', the Lyapunov exponent is more than 0, obvious vortex vibration
happens, and multi-frequency vibration turns to single frequency vibration gradually. The phase
space also becomes an ideal circle. Both flutter and vortex vibration are chaos phenomena.

Lyapunov exponent at low wind speed can be used to predict the wind-induced vibrations at high wind

Y s B8 :2014-01-17

E&WMA :EFKARFAEESTH (51078038) 5 4 AR THER; K 5 # i 9230 % IT i 4 5 B (SLDRCE10-MB-02) 5 H e 5 £ B A B WF Ml 55
P& ¥ 40 H (CHD2010ZD001)

TEB A MR (1972 B RRAEF IO - K% E H . T SR R R 5



% 3

R F R REIRD GRS 35

speed, and the phase space can also be used to explain flutter and vortex vibration. 31 figs, 24 refs.
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Fig. 1 Relationships between damp ratios and

wind speeds in flutter test
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0° in flutter test
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