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Fig. 2 Cross section of stiffening beam and location of aero-

dynamic measures (Unit: cm)

Fig. 3 1/4 lower stabilizers layout of the segmental model
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Tab.1 Dynamic characteristic parameter table

E €A AL SRR NS = A S L
FRRKEL m 77.0 1/50 1.540
F R B m 33.2 1/50 0.664
FRNEH m 2.8 1/50 0.056
SRRt m,  kg/m 40160 1/50° 16.06

SRR T,  kg'm 3636000  1/50° 0.582

e 25 ST £, Hz 0.118 14.9 1.76

HIL 2 S5 f, Hz 0.243 14.9 3.71
A e L g, % 0.7 1 0.60
HEEH G % 0.7 1 0.65
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Fig.4 Grid and computing domain
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Tab.2 Parameters of grid
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Tab.3 Grid and time independent test results

RS Mg EEEK/s G C, Cy
1X10° —0.155 1.211 —0.016

Casel  5X10" —0.164 1.234 —0.017
1X10%  —0.163 1.230 —0.017

1X10°  —0.171 1.198 —0.017

CFD  Case2  5X10* —0.165 1.198 —0.017
1X10 %  —0.172 1.202 —0.018

1X10°  —0.178 1.215 —0.017

Case3  5X10°* —0.167 1.311 —0.017
1xX10*  —0.172 1.271 —0.018

E N / / —0.052 1.266 —0.018
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Tab.4 Critical flutter wind speed of initial design and

optimization scheme
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Fig. 6 Limit cycle oscillation ( +3° attack angle of initial
design, wind velocity: 12. 0 m/s)
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Fig.7 Variation of RMS values of torsional displacement

with wind speed
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Fig.8 Displacement time history of initial design stiffening beam (0° attack angle)
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Fig. 11

Time history and frequency spectrum of vertical

displacement under 0° attack angle of optimization

scheme (Wind velocity: 13.0m/s)
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Fig. 12 Component energy of vibration system varies with

time

B O° XA T IR T B R AL 78 KGN
13.0 m/s ARG B RE vl LL& B 3% 1/4 FRE
M e, Z G e it i e (BRI T 29 86 %, in &) 4
8 B e KA I 0 T 7 A% B D) 4 e o 2 R 0 4 5
P i RMS U8/ T 63.7 %0, 47 RL 008 T o 280 Jin £ 22
T I ) B 1 i . O dE— 2B A AT IKUHONT R e T Y
SEmm YL B AE 0T RGH 175 m/s B Y T
e, S OATT R AE O T A AR 13.0 m/s B 9 T 40 X

P AT L & B - R 4R v KU T i e 4 R B £ I 1] 4
JET L E R G0 U 3 R I R TIXGE T &
GLE AR . P, B E B B KU T R 48
OS] N R (A9 B S W 1 B A L N R 2 YA
o 1 fie KA AE R MR R T (0 KU T B9 e KRR IR I
P13 Hh s E B B &R 40 D e AR BN B e T
T KRG E IR I 52 B IF 8 1) D8 Bl 3 Y, 55 5 I R
FH B i P B A G

AR R B
0246 81012141618202224262830

T/s
W 113.0 /s I RAE T R 13.0 m/s Ak T F17.5 m/s

(1) SN ‘
02 4 6 81012141618202224262830

T/s
— JFEEI13.0mis — AT RIB.0m/s R TELT.5 m/s
13 RN RG LI KL FE (O A )
Fig. 13 Total work and displacement time history of

vibration system (0 attack angle)
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Fig. 14 Displacement time history curve in typical period
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Soft flutter performance of t-shaped girder and the influence of
lower stabilizers

DONG Guo-chao', XU Yu-sheng', HAN Yan', L1 Kai', CAI C S"*
(1.Key Laboratory of Safety Control of Bridge Engineering, Ministry of Education, Changsha University of Science &.
Technology, Changsha 410114, China; 2.Louisiana State University, Baton Rouge LA70803, USA)

Abstract: This study systematically investigates the soft flutter characteristics of the m-shaped girder and the influence caused by
the lower stabilizers based on the numerical simulation method. The reliability of the numerical method is verified by comparing the
aerodynamic coefficients of the wind tunnel test and the critical flutter wind speed. The soft flutter characteristics of the girder and
the effect of the 1/4 lower stabilizers are analyzed. The mechanism of the soft flutter of x-shaped girder and the influence mecha-
nism of 1/4 lower stabilizers are discussed. The results show that the n-shaped girder has obvious soft flutter characteristics, which
is more remarkable under the negative angle of attack. At a certain wind speed, the total energy of the vibrating system first increas-
es and then remains constant approximately. The total energy of the vibrating system significantly increases after adding the 1/4
lower stabilizers, which enhances the critical flutter wind speed of the w-shaped girder and reduces the amplitude; The develop-
ment and shedding of vortices in the initial design produce the same direction of moment as that of the main girder, which promotes
the divergence of torsional vibration. The addition of 1/4 lower stabilizers weakens the scale of vortices on the upper surface and
forms a stable negative pressure area on the lower surface, which weakens the promotion of aerodynamic force on torsional vibra-
tion and reduces the torsional amplitude. The results can provide a reference for wind resistance design and aerodynamic optimiza-

tion of the same type of bridge.
Key words: cable-stayed bridge ; n—shaped girder;soft flutter;lower stabilizers ; numerical simulation
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