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Abstract: The main bridge of Shuangliu Yangtze River Bridge on the Xingang Expressway in Wuhan City is a
single-span suspension bridge with a main span of 1 430 m and a bridge tower of 272.75 m. The stiffening
girder is in the form of a closed flat steel box girder with a width of 50.5 m. In order to study the wind-resistant
performance of the bridge during operation, the performance of vortex-induced vibration of the girder was
tested through wind tunnel tests of section model with two different geometric scales of 1:60 and 1:30,
respectively. The sensitivity of the vortex-induced vibration response to the structural damping ratio was
analyzed, and the effect of installing a guide vane inside or on both sides of the maintenance rail on the
performance of vortex-induced vibration was evaluated. The flutter performance of the bridge was tested in a
wind tunnel by using the 1:60 geometrically scaled section model, in which the effect of the guide vanes on the
flutter performance was analyzed. Finally, the flutter performance of the bridge was tested through wind tunnel
tests of the full-bridge aeroelastic model with a scale ratio of 1:205. The results show that the bridge shows
good flutter performance under the wind angle of attack from —3° to +3°, and the critical flutter wind speed at

each angle of attack is more than 20% higher than the tested flutter wind speed. The vortex-induced vibration
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response is significantly affected by the structural damping ratio. When the vertical bending and torsional damping

ratios are 0.136% and 0.048% respectively, significant vertical and torsional vortex phenomena were observed in

the large-scale wind tunnel test of the section model. However, if the former damping ratios are increased to

0.217% and 0.164%, respectively, the vertical vortex-induced vibration and torsional vortex-induced vibration

almost disappear. Installing the guide vane on the maintenance rail can suppress the vortex-induced vibration under

a small structural damping ratio, and has little influence on the flutter performance of the bridge.

Keywords: suspension bridge; steel box girder; section model; aeroelastic model; vortex-induced vibration,;

flutter; structural damping ratio; wind tunnel test
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Figure 1 Elevation layout of main bridge (unit: m)
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Figure 2 Standard section of stiffening girder (unit: mm)
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Table 1 Meteorological stations near Shuangliu Yangtze

River Bridge site

P i/ ZRE/ FEAR K/ HE A hk R
TREE ) (mes ) #/km
A 30.14 115.02 28.1 57.7
TR AR 31.11 115.01 27.6 61.3
el 30.44 115.40 25.9 64.7
HE 30.21 114.20 26.8 68.8
I 30.37 114.08 27.7 69.5
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Figure 3 Finite element model of Shuangliu Yangtze

River Bridge
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Table 2 Typical modal vibration shapes in completed state of bridge
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Table 3 Designed parameters of section model

SRR (iR LA FHFE

1:30 5 Be A 7Y 1:60 717 B Y

EIN 155 TR A i R BRI
FRKE L m — 1/30 3.6 1/60 2.0
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Figure 5 Layout of section model in wind tunnel
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Figure 6 Relationship between damping ratio and amplitude under low ramping ratio
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Figure 7 Vertical vortex-induced vibration response of stiffening girder in experiments of different scale ratios
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Figure 8 Torsional vortex-induced vibration response of stiffening girder in experiments of different scale ratios
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Figure 9 Relationship between damping ratio and amplitude under two damping ratios
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Figure 10 Vortex-induced vibration response of main girder under vertical nominal damping ratio of

0. 217% and torsional nominal damping ratio of 0. 164%
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Figure 11 Control scheme for vortex-induced vibration
of guide vane
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Figure 12 Vortex-induced vibration response of main girder under two-side guide vane
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Figure 13 Vortex-induced vibration response of main girder under one-side guide vane
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Table 4 Critical flutter wind speed of main girder
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Figure 14 Test of full-bridge aeroelastic model
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Figure 15 Variation of mean square error of mid-span
displacement response of main girder with wind speed
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Table 5 Forecasting results of critical flutter wind speed of
main girder based on full-bridge aeroelastic model
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