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Aerodynamic Optimization of Flutter Stability for a Long—span

Streamlined Box Girder Suspension Bridge

LIU Zhiwen'", XIE Puren', CHEN Zhengqing', XU Guoping®, XU Jun?

(1. Key Laboratory for Wind and Bridge Engineering of Hunan Province,, Hunan University, Changsha 410082, China;
2. China Highway Planning and Design Institute Consultants Inc, Beijing 100010, China)

Abstract: Taking a suspension bridge with a streamlined girder of 1 660 m span as engineering background
and using the methods of wind tunnel test and numerical simulation of CFD, this paper studies three main factors af—
fecting the flutter stability of long—span suspension bridges, namely the main cable space form, aerodynamic shape of
the girder section and height of central stabilizer, and then the mechanism of aerodynamic countermeasures is dis—
cussed. The results show that the influence of main cable layout on the flutter critical wind speed of bridge structures
is mainly caused by the change of the torsional frequency of bridge structure according to the layout of main cables,
which affects the critical wind speed of bridge structures. Appropriately increasing the ratio of width to height of the
main girder section can effectively improve the flutter critical wind speed of bridge structures. Setting an appropriate
height of central stabilizer can effectively improve the flutter critical wind speed of streamlined girder section with
horizontal separation plates. The major effect of vortices generated near the central stabilizer is to generate the verti—

cal aerodynamic force of streamlined main beam, leading to the increase of vertical movement degree of the main
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girder section and the suppression of torsional movement degree of the main girder section. Thus, the flutter stability

of the streamlined girder section is improved.

Key words: long—span suspension bridges;flutter stability; aerodynamic optimization;wind tunnel tests;nu—

merical simulation
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Tab.1 Dynamic characteristics of the Lingding suspension

bridge with single box girder section in service stage
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Fig.1 General layout of Lingding Bridge with mono—box girder (unit: cm)
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Fig.2 Section model in HD-2 wind tunnel
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Tab.2 Test cases of aerodynamic optimizations
for flutter stability of Lingding Bridge

with mono—-box girder section
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Tab.3 Key dynamic characteristics parameters of

aerodynamic optimization of the stiffen girder sections
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Tab.4 Summary of critical flutter wind speeds of
the bridge with diamond pylon and H-shaped pylon
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Tab.5 Summary of geometry parameters

of the streamlined—box girder sections
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Fig.3 The basic size and shape of integral

steel box girder section (unit: mm)
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Tab.6 Influence of height width ratio of

the main girder on critical wind speed
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Tab.7 Influence of wind fairing on flutter critical velocity
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Tab.8 Influence of central stabilizer heights on flutter

critical velocity of the bridge
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Fig.4 Flutter critical velocity of the bridge vs.

the central stabilizer height

M55 8 AT ML, 00 +3° FI-3° X /g 46 F F, T
HG—4.0 i W7 1A X6J 1 B 4 1 55 KU 43 3 R 74.9 w/s
72.4 m/s F1179.9 m/s; FEZEEE N 1.0 m B Jefa g
A %k 7 Bl S XU 53391 A 81.8 m/s .91.6 m/s FHl
84.1 m/s; BV = H 1.2 m By P A8 58 MR S X g Y
R I XG5 A 87.9 m/s .92.1 m/s Fil 86.5 m/s;
ROV RN 1.4 mo P SRR R S G R ) B R I XL
AR 90.2 m/s .94.9 m/s Fil 87.4 m/s. 25 F W%
AT R B v RSO MR T A R R K ) B
A P Tt 4 TR A S I 1T B R 1 SRR

H Tl 4TI, 45 IRUIBC A Xt oy A7 G 448 g S e s S
DR 2 Bt H S S AR e 82 P9 B 7 % ¥ 1 5 244 o
dofa fE AR BT 1.2 m(0.3H) J5 v SR E AU B
ZRER I PRGBS B . AN XA 2%
P, H SR MO AR SR B I 5 IR 4 v s Rt
FEAE—E M 225, +3° 0 Hp Y Re e MR A R B R I
TR R 8 f A I 8 5 —3° 1A vh R e lOR AT
G N AR s RORAH X R/, 3T R S 2k
TELGE S D TR P 38 /K B AR — i e R



5 3 1]

XURESCEE « RS L I A T AR e B - M IR AS E P h L1k 7

3 kBRI RS SRR

i FRIR 45 AT 0, 4 B IR AR
T BN ANE S b degs e A 35 2 %60 4 92 B e 1 55 KL
A — R B R A AR Y SO Gk R B
I3 5 AT 114 552 i) 2 L B Sy = 4 A R U B
LR AR | I T 52 e AT % 235 ) B IR I
AL A BRI T S Bh AME S SR e i e B X A
SER BRI S A B e HLEE N 4o B 2. B T
% IR 2 B 11 SRS USRI i I )
M S SR, AR A BH e M B AR R R
A, T 22 BE L 5% 2 B0 0 A 1, $5E o D v
PR P,

PR R g 27 7 1 AT S 45 4 ) B %)
Tt £ TR A S U T ke RO A B R A AL R A T AU
98, T A RIBIU A MAS B HE ST B R 2 9
WIr AT it [ R & e B s, DL HG—4.0 Al HG -
4.0+CS1.4 AMFFEX S, 3 nlidE AT 0° X0 3= 2R AT
A H PR S (AL, AR AN R XU S5 F T 32 32 i
BRAIR st e 157 pHh 2R S W R A M BRI XU, A
T 5 as R AT e, o E W LT 46 R L
R 170, RGHE R 1/5. 315380 2 il 1 S S 5 W T
AB(B R Wi 5 B ) , 34 5 M LR S Gk ik
I 108, 43 F O 32 G20 i o0 R 4B, 1
FHZER A 1.0%, 15 JE BHZE RN T 5% 1B . 4% K]
43R A3 B Ak SR, S 3T = QR i B oR 45 44 1k
PRAK A TR 43, S BRI T B S AR TR X SECR F = A TE
DA%, 133k g A DX 388 CR FH 245 44 £k A%, LA g
DR A Jal 43 o i 300 B AR AP S a0 < TR A ) Ay
JE AT (Velocity inlet), 1838040 Ry & H 1
(Pressure outlet), 71348 F 0 A X FR 121 Ft (Sym-—
metry ).[&] 5 2 3= QR AR L A R o3 o B St
REMRERLIE 6 T.0 HG-4.0 K T.4% HG-4.0+
CS1.4 F IR PR R 2 .

bOySUE Y
= AR X 35, —_—
! —| 5 DR
W32 B X 3,
2| |[mEAD
PO SUR S

| \

BB, 108 !

A5 ERErdEidt R A R it
Fig.5 Computational domain and boundary conditions

of the main deck section
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Fig.6 Mesh of main deck of HG-4.0 case
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i Ui A5 Y 1 % 4 RIS BL AL (Large Eddy
Simulation, LES) "'/ Smagorinsky—Lilly Jif Jit =AY ,
Smagorinsky %% €.=0.10. HAAK i S E s B NZR 9
B 0080 f R T HG—4.0 2 T.% HG-4.0+CS1.4 F
W7 T B K ORI S 2 A M R g SR an 1] 7
Bl 8 Fiw, BUEBILER 5l g a5 A LA LR 10.
H & 7.8 8 A%, T4 HG—4.0 SZBrifr R4 B I
BRGEZ) N 75~77.5 mls, T HG-4.0+CS1.4 SEPRAT
PRLER A BRI SR 2 80~82.5 m/s.

®9 RBBHIZE

Tab.9 Parameter setting of calculation

WRESE 2 B
MR R A SIMPLEC
BRI Green—Gause Node Based
B &1 Second Order
e Bounded Central Differencing
A a2 Second Order Implicit

] /s 0.000 2

x 10 HREHEIRIEFAETEERSKBERLE
Tab.10 Comparison of numerical and experimental results
of flutter critical wind speeds of the bridge structures

i HR I S RE (mes™) AR R
. R HELES HfEREL] 1%
HG-4.0 74.9 75~71.5 0.1~3.5
HG-4.0+CS1.4 90.2 80~82.5 9.3~12.8
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Fig.9 The streamline of the flow field after flutter without
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with 1.4 m central stabilizer (U=16.0 m/s)
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