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vibration test
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Energy mechanism used for non-linearization of vortex-induced

aerodynamic loading model of bridge deck sections

CHEN Hong-xin', ZHANG Zhi-tian', ZENG Jia-dong', QIE Kai’
(1.School of Civil and Architecture Engineering, Hainan University, Haikou 570228, China;
2.School of Civil Engineering, Hunan University, Changsha 410082, China)

Abstract: Concerned with the Van der Pol type model of vortex-induced aerodynamic loading, fundamental relations among the
structural motion amplitude, initial aerodynamic damping, amplitude-related aerodynamic damping are deduced according to the en-
ergy balance principle. Further, the basic identification mechanism is obtained in terms of the relation between parameter € and mo-
tion amplitude y;. Based on experimental results of vortex-induced response of a sectional model, which has a typical flat box girder
configuration, the relations between the model parameters and the structural motion amplitude are identified. The results indicate
that, within the vortex-induced lock-in range, e decreases almost monotonously as the structural amplitude y; increases. On the
contrary, the effective damping induced by the e-related term increases as y; increases. The structure reaches a steady limit-cycle-
oscillation state when the three damping components, including the structural, e-related and initial aerodynamic, neutralize com-
pletely. The research of this work shows the initial aerodynamic damping properties determine if vortex-induced resonance is able
to be excited and form a lock-in range. Once the relation between the model parameter and the structural amplitude has been identi-
fied, the vortex-induced responses of structural damping ratios less than the one used for identification become predictable from the

known parameter-amplitude relation.
Key words: bridge; vortex-induced resonance; Van der Pol oscillator; energy balance; nonlinear parameter; vibration amplitude

TEER N BREMR(1997—) , B W+ 58 4 . HLiE . 198980271605 E-mail: 19081400210002@hainanu.edu.cn.
WBIESE: kEH(1974—) , 8 i+ #4%., HiG: 139751275415 E-mail: zhangzhitian@hainanu.edu.cn,



