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Characteristics of non-synoptic wind
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Long-span bridge structures under non-synoptic wind

*» Increasing span and frequent non-synoptic wind
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Structural aerodynamic characteristics

+» Bluff structure under shear flow
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Experimental desigh and numerical simulation




Experimental design
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* Uncertainty analysis
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Numerical simulation

<+ LES method and model
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Numerical simulation

+«»» Validation of LES method

Simulated coefficient

Simulated coefficient

Grid and time step independence
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Pressure distribution and aerodynamic forces




Pressure distribution

¢ Pressure distribution under shear flow without oncoming turbulence
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Pressure distribution

¢ Pressure distribution under shear flow with oncoming turbulence

Cp, Mean
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Aerodynamic forces

*» Aerodynamic forces under shear flow with oncoming turbulence
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Aerodynamic forces

*» Empirical relationship
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Aerodynamic spectrum and vortex shedding




Aerodynamic spectrum

“ Aerodynamic spectrum under different shear parameters
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® Weak influence of velocity shear on dominant frequency

® lLarge shear parameter results in increased amplitude of aerodynamic forces at high-frequency band
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Instantaneous dynamic wake

* Instantaneous dynamic wake under initial period
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® Velocity shear suppresses the generation of vortex structures at high-speed side , and the suppression
effect increases with the increase in shear parameters

(a) B =0.00 (b) B=0.03 (c) B=0.05 (d) B =0.07

® \ortices always generate, develop, and detach from the low-speed side to the downstream side in

velocity shear flow 19



Instantaneous dynamic wake

*» Three-dimensional instantaneous dynamic wake vortex under shear flow
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® Counterclockwise (red) vortex dominates on the windward side, corresponding to the positive pressure
measured in MFWT

® The vortex on the high-speed side of the box girder is suppressed, forming a "vacuum" zone by
double vortex isolation

® The low-speed side vortex of the box girder changes from alternating regular Karman vortices to
fragmented irreqular vortex structures with increasing shear parameters 20



Instantaneous pressure distribution

¢ Instantaneous pressure distribution in uniform flow and velocity shear flow
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® The pressure distribution in uniform flow field is relatively stable
® Instantaneous local extreme negative pressure occurs in the velocity shear flow due to the generation

and drift of vortex on the low-speed side 21
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Conclusions




Conclusions

® The fluctuating pressure significantly increases with the increase in shear parameters, indicating that the
velocity shear flow is self accompanied by turbulence effect

® The turbulence intensity only increases the mean pressure of the streamlined box girder when the shear
parameters are high; the turbulence integral scale has almost no contribution to the pressure distributior

® The turbulence intensity exhibits strong nonlinearity in the drag force of the box girder; the integration
scale has a weak influence on the aerodynamic forces

® The velocity shear suppresses the generation of vortex structures of the high-speed side, and the vortex

structures always first generate and develop from the low-speed side

23
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