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Tab.3 Representative wind speed of typical vortex-induced vibration stages
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Aerodynamic force evolution characteristics of parallel twin steel box girders
during vertical bending vortex-induced vibration

XU Sheng-yi', FANG Gen-shen'*, ZHAO Lin"*, SONG Shen-you’, GE Yao-jun"*
(1.State Key Laboratory of Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China;
2.Key Laboratory of Transport Industry of Wind Resistant Technology for Bridge Structures, Tongji University,
Shanghai 200092, China; 3.Shenzhen-Zhongshan Passageway Management Centre, Zhongshan 528400, China)

Abstract: The long-span continuous beam bridge with parallel twin steel box decks is common in engineering practice, but the
complex vortex shedding and interaction of parallel twin steel box girders may cause significant vortex-induced vibration (VIV), af-
fecting the fatigue performance of the structure, driving comfort, and possibly causing social panic. This paper takes parallel twin
box girders as the research background, and a large-scale segment model vibration and pressure measurement wind tunnel test is
carried out. The evolution characteristics of the distributed aerodynamic force in the entire vertical bending vortex vibration process
(before the vortex vibration, the ascending zone, the amplitude extreme point, the descending zone, and the end of the vortex vi-
bration) under different spacings are compared, and effective aerodynamic measures to control the vortex vibration of the parallel
twin box girders are proposed. The study shows that the vortex-induced vibration lock-in regime of the parallel twin steel box gird-
ers is long, the amplitude is large, +3° is the most unfavorable angle of attack (AOA) and the frequency multiplication effect of
the vortex excitation force is related to the amplitude and the spacing between the box girders. When the spacing makes the inter-
slot vortex fully developed, it significantly increases the pulsation of the aerodynamic force distributed near the slot. In the case of
small spacing and low wind speed, the distributed aerodynamic force on the lee side of the upstream and downstream girders en-
hances the vortex-induced vibration. At large or small spacing with high wind speed, the distributed aerodynamic force on the upper
surface near the slot and the position of the inclined web of the downstream girder plays a major role in enhancing the vortex-in-
duced force, which is the inducement of the large amplitude of vortex-induced vibration of the parallel twin box girders. A compre-
hensive aerodynamic control measure of setting the apron between the slots and setting the wind fairing at both ends is proposed,
which can cut off the propagation path of the vortex between the slots and reduce the contribution of the distributed aerodynamic
force at the bridge deck. The measure can effectively reduce the vertical bending vortex-induced vibration of the parallel twin steel

box girders.

Key words: wind resistance of bridge; parallel twin steel box girders; vortex-induced vibration; wind tunnel test; distributed

aerodynamic force; aerodynamic measures
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