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Mechanism and Control on Vortex—induced Vibration of Main Deck of
Long—span Cable-stayed Bridge with Double—level Decks for
Highway and Railway
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Abstract: Based on a cable—stayed bridge with a main span of 808 m and double-level decks for highway and
railway, the vortex—induced vibration (VIV) performance of the double-level decks of truss girder section under

different wind attack angles and the vibration suppression effects of five aerodynamic control measures were studied
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by the section model wind tunnel tests. Combined with the static flow simulation via computational fluid dynamics
(CFD), the VIV mechanism and control method of the double-level deck truss girder section were compared and
analyzed, respectively. The research results show significant vertical and torsional VIV of the original main deck at
+3° and 0° wind attack angles, and the amplitudes exceed the allowable values of the code. The torsional vortex
vibration of the main girder can be effectively suppressed by enclosing the upper deck railings at intervals or adding
flaps. However, the amplitude of the vertical VIV of the main girder exceeds the allowable values of the code.
Furthermore, adding wind fairing at the outside of the upper chord can effectively suppress the vertical and torsional
vortex vibration of the main girder. However, the main girder vortex vibration cannot be effectively suppressed by
adding the wind fairing at the outside of the lower chord. Moreover, after the air flow is separated from the upper
deck of the original design section of the main girder, periodic large—scale vortex shedding on its upper and lower
surfaces is formed, and then attached to the rear of the upper deck, which is the main cause of the vertical VIV of
the main girder. The wind fairing located at the outside of the upper chord can guide the airflow smoothly through the

upper deck, eliminating periodic vortex shedding. Additionally, an along and narrow reattachment zone is formed on

its upper surface. As a result, this effectively suppresses the VIV of the main deck.

Key words: bridge engineering; VIV mechanism; wind tunnel test; double=level decks truss girder; aerody-

namic control measures ; computational fluid dynamics
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Fig.9 RMS of the VIV response of the main deck vs. reduced

wind velocity for cases 12~14

SR PRI G 5 (0] R 3 PR AT R84 38 00 3 Al 22 e 58 4
ot =5 TR T (%) LA TR PR I 4, LR 88 o 3R 35 1
LI 308 i DX ) A dd 5 50728 5 17T T SR AT S M o e XU g
A J5 B PR SEA AR IR AT R ik K DX (R AE L i
UG AT AR W, b 2 A T ) 3R O X = 7 R i Ak A
YEHT.

% R LT AMmI b i XU B 5 R A B A
RISk, ik — 20K 56 b 5% AT M XU X
TR IR IR TERE I R M B BT — R RS EE N
A Bl XU C O3 78°) , TR R ST W&l S (e )
JrR . 10 B R R b sZ AT SIS 35 XU C 5 A [] AL
AT 32 2% 10 i e iy AR 7y 2 e i 530 KRR 1) 722 £k iy
2. I 10 nT g, EsZ AT MG S A C 5, 324
FATE O FN+3° I 1 118 2 o] RN 55 i 3R 58 491 2%
FE-3° A T A IR T 88 ) W i, HLCHR (B S
B KU B S 04 M 1 A Y e R 88 1] 90 4 M)
HR7 250 0.010 m Z2 47, B3 /N F RS AR/, R &
AR IR IS .

Xt LG 9 A 10 YT, XU B 5 XUHE ¢ HL AT AH

0.28 |- x1073 0 —— T +3°
|1 —— 15 +3°
E 024 r A —— TH16 0°
S i ! —— L7 30
§ o203 /) - - B s vrlE
S 016} °
% : 08 1.012 14
g RE1 SRR O A e
E 008} 0.1143
0.04
000 L to—o—-u e =
1 1 1 1 1 1 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 50 5.5
P RGE UL, B
(a) B [m 4R 38
024 Ty 430 P
. +'T'LE|“5 +3° J | 4 =
T 020F —+ Thi6 0° : F
Sy —— L17 -3° ) ‘ I’ g
ﬁ 016 F - - BIERHL ' nELY
E
=
=
#®
.E_I_‘

00 02 04 06 08 10 12 14 16 18 20
5 RGE UL B
(b) %45
B10 T 15~17 2 0y £ RidFRee BART 2 M
Rk T A
Fig.10 RMS of the VIV response of the main deck section vs. re-

duced wind velocity for cases 15~17

[ A A I BE , 329 BE A 28 il = 2 I8f i ) b iR 50
TEXUE C 1 )T 5N 8BRS, D XU C B3
A R LA IRA it

4 iRHRYLE

Ry itk — DR RUZMNT AL R IR R P, >R 1T
B S) J)2E 07 R R R W R Y . A T
BRCR SRS BE SR AT 2R W T 4T CFD 2L
(EBLL A T2 4 7% JEOK RHIE AT B T e (B 7 E [7)
B2 AN E T 5 U s, (&7 465 ) 4k E 5 e
TAAN L 11 firz . F T R BR A, BB AL 1 s D
BT 5 b 5% AT A G 3 U C FE+3° I T
)T 00
4.1 IHEIHEMEX S

THE Y IR P SRR 285 6 A OC , — MRAEIE AR
LR 6<5%. AR SRR F 16Bx32B (Bl £ 53258
) AR, XoF R A AR A B BH 2E R §=2.5%, 1T
SRR SGh R B AR 12(a) (b) s



1 X SCAF RS 8 N AUZ RHAT 32 R S R AL 5 4 o 9
)\ﬁﬁ\ﬁﬁ Pl 4.2 MIZSEES T X ERIE
i]f“ e o ey F W B ) R E X
Fy _F _ My
s AN C= o5 O osvin O o5 Y

{:\‘,_ru,g\_#&n—n_*
T

A1l 2R 4Rl

Fig. 11 Two-dimensional simplified section of main deck

i s
R A
9 !
| b e T
- e o
2 = AL AR 2
q +E’§ ! ]ﬁ
i L I5B
| SRR
8B 24B

(b) ks
B12 HHERGAREHFRAE

Fig.12 Computation domain.boundary condition and mesh

K 43 HeAb T 230 43 I 8 30 B 1 A SR FH 45
P IA I SR , R PR & WA 147 3 0 , B
R FE 285 K0 A DO A, e A TR R R A Tl 7 1.15
T, A B2 85 0 JICJZ A 5 Bl 26 B. AR B
T A 11 s, i ROBLERC 12 60, 571 BEE A RS
— B AR T T X A B A
5 v 1% i) 3 A1 e 7 i A B XU, BV, =4.36 (SE AT XL
M 20.8 mes™) , TR E T BE T AL ) Y {H BEATE 3
BATR (Y= 5 . S BT D1 <y o B 18 B )
S — 2 A 151 BE 5o RIS B R PR R D WSS 8
BB R e, i i AR B %% B b — o SST A5 7Y 5 R
SIMPLEC B335 3R fif & 0 3 BE#E5 O # , XF i A 4™
R B O SR i K 2545

REGF,F, RN M A 502 32 W 1 R KU AR AR R R
HIRE T T A 5 p 2SSO B

Ry e UE BB AT 55 485 2R W E AR 4, 1 e i AT
DR TC PR 30 . 3 Ao AR 2 A 1Y SR 1R 3
BN R 1Y AR R T T AR, IR B STt R A
MR 4 Jron , A AR H5CE AN TR, ph 30 & 29 51
S1.S2 f1S3 F/Rr, T, WL & MES[EI2E . K 4 7] LI
L, =BRSSBT R ROR
RS BE , BEHR S2 AT Je 21t

i [i) 25 TG DG M 11330 58 B 3 b AN [] A e 1) 254
A5 I RPAC B /N B R 530 S4.S5 71 S6 3R
TSR INR 4 R . G550 FR W A TR R DK
XTI ZE BB ma 80N, BRI, A e B35 Rk
& IR 22T R RGN ] 25 /T 0.005.

R4 ERFEITHE=SNTEHCFDER
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design section of the main deck
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