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Influences of Attack Angles on Aerodynamic Derivatives and
Flutter Characteristics of Flat Box Girders

XING Wenbo', SHEN Huoming', WU Bo®>, LIAO Haili’
(1. School of Mechanics and Aerospace Engineering, Southwest Jiaotong University, Chengdu 611756, P.R.China;
2. Department of Bridge Engineering, Southwest Jiaotong University, Chengdu 610031, P.R.China )

Abstract: The flutter responses of the Nanjing No.4 bridge flat box girder under different wind attack angles were tested in
detail through sectional model tests. The evolution of unsteady and steady critical amplitudes at different wind speeds was
discussed. Based on the amplitude envelope of the flutter response and the Hilbert transform, the amplitude-dependent
modal damping of the system was identified, and the mechanism of the flutter mode change with the wind angle of attack
was initially explained. Secondly, the modal parameters of the system under different wind attack angles were extracted.
With the bimodal coupled flutter analysis method, the nonlinear flutter derivatives of the section under different wind attack
angles were identified, and the change law for the amplitude dependence of the key flutter derivatives on the wind attack
angle and the potential influence on the section flutter morphology and characteristics, were studied. Finally, the effects of
the wind attack angle on the uncoupled and coupled aerodynamic damping were analyzed through analyses of the modal
damping subterms one by one, and the dynamic mechanism of the differential flutter performance caused by fractional

damping was illustrated.
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Fig. 1 The layout of the main bridge of the Nanjing No.4 bridge (unit: m)
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Table 1 Basic test parameters

m/(kg/m) 1/(kg-m’/m) wpo/(rad/s) wqo/(rad/s) &no £a0
9.29 0.345 14.20 37.20 0.0035 0.0030
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Fig. 3 Curves of amplitude varying with the wind speed at different angles of attack: (a) curves of critical amplitude varying with the wind speed at

non-positive angles of attack; (b) curves of steady-state amplitude varying with the wind speed at positive angles of attack
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Fig. 4 Time history development curves under different excitations (attack angle of -5°, U=15 m/s): (a) the damped time history curve under the small

excitation; (b) the divergent time history curve under the large excitation
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Fig. 5 Time history development curves under different excitations (attack angle of 5%, U=11.5 m/s): (a) the growth-to-stability time history curve without

excitation; (b) the damping-to-stability time curve under the large excitation
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Fig. 6 Time history development curves under different excitations (attack angle of 0°, U=17 m/s): (a) the damped time history curve under the small

excitation; (b) the growth-to-stability time history curve under the large excitation
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Fig. 11 Evolution of coupled flutter derivatives: (a) H; values at different wind attack angles; (b) H; values at different wind attack angles
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Fig. 12 The damping term curves varying with the amplitude at non-positive angle of attack: (a) the coupled aerodynamic damping and the structural damping
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Table 3 Sub-terms of the coupled aerodynamic damping at non-positive angles of attack

14 m/s 16 m/s
sub-term S S = S S S
-5 -3 0 -5 -3 0
-0.5uu -15E+5 1.5E+5 1.49E +5 1.49E + 5 1.49E +5 1.49E +5
W, \2 wr\2 -1
(i) [1 _(J) ] 1.78 1.74 1.74 1.86 1.81 1.78
w1 w1
[(H)? +(HA2 44.26 46.9 478 56.5 63.6 63.6
[(A) + (A5 6.26 4.64 438 7.98 6.32 5.19
sin(y’) 0.99 0.98 0.99 0.99 0.97 0.98
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Fig. 13 The damping term curves varying with the amplitude under positive angles of attack: (a) the coupled aerodynamic damping and the structural damping
at different attack angles (U=10 m/s); (b) the coupled aerodynamic damping and the structural damping at different attack angles (U=13 m/s); (c) the
uncoupled aerodynamic damping at different attack angles (U=10 m/s); (d) the uncoupled aerodynamic damping at different attack angles (U=13 m/s)
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Table 4 Sub-terms of the coupled aerodynamic damping at positive angles of attack
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sub-term e o 7 <
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w 2 w 21!
(i) [1—(i) ] 1.68 1.69 1.72 1.76
w1 w1
() +(H;)™)'2 21.5 18.77 426 39.0
(A5 +(A5)*11? 2.56 3.30 3.75 5.60
sin(y”) 0.99 0.99 0.99 0.99
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