BT EH 1M
2024 4F 1 H

® z T & F #

Journal of Vibration Engineering

\

SFRmEHMAENIEES
5 N £ff 52

" OMVL,EERE,E R, BERY, F5EHY

(1P 2838 K2 AR TR B B TR AR, DUJI] R 6100315 2. RUT AR DU )1 45 5 a3 S 9 25, D)) A 610031)

B 3% I 14 B B

T : TS AR 2 T RS AR @ e (EL2 S T 17 450 22 103 PR P B ™ S5 o T L, AT Bt . DARE =
15 530 m B 11 8 45 B 00 RERLIE Sy TR B, 3 A XU a8 6 X6 10 28 = 33 1) 305 41 1k i B <3 00 Ak 15 B HEAT BT 5
TR0 25 2R R, R BT T2 W o 7 4 DRI Ay S8 7 7 I 3 TR MR 3, 38 5 7E W TR R AL I S AR S R R
et R AT AR S A 4 i U i, LS DA B AR AR 94 IO o T L4 RS A B R SCR R S 2 L 307 A 5
it A 2H A S A it 1) 1 B ZBOR e O, T AE R BER B JE HE 1,096 T I 3 0 ) L 2 T BR AR Y R R 8 . i CFD
BB BT 2 4L 3l 1 it A ) R WL B S 3 AR MR A 4 72 Al 3 2L Sl N R i 1 RE B S e AL B AT T
S, VHEE AR AR, 30° A T Wi AR A S S R G o B XU S B T A e L T R T A AR SRS IR IRC S T
Hh e G AR S T 2R T TS O ) S 1000 B, DAL AT S 0400 76 2 o AR A SBCER |, 0 AR IRE AR E  TEE URAR A
S BB T T 39 A A T IS 552 T e e A AR A BT T 00T 8 I A AR 4 B VR T DT X2 2 S A I 1 o AR A

Vol. 37 No. 1
Jan. 2024

HE™ A2 &0

KEIR: NS,
RESHES: U4l .3 XERARERD: A
DOI:10.16385/j.cnki.issn.1004-4523.2024.01.005

5l

T

MAIEEGRE M TR WIE R F, 5
IR EE A AR AL A ) —Fh BRI %L
S5 R T 8M B 4F B h ok e 5 TR 5+ bk
PERE , X7 R T R AP 454 5 08 FH Pk R, [F] B fif i
SER At TR 5 25 A 2 T Ak ek m AR A
AR BRI Z IR AL NRE SR T
3 K B R AR B s v R R
SR T R X AN 0 TR AN TR B A R I A
NIz

XFHENHE SR, CA MR R
B S BN AN B B 11 A8 T R 38 2 A 5 R 2 1
Ab S AR BE RS TN A 4, HL 5 3R RUBE 1 i
A3 B 5 T i 9 A A SR FH 2 S TR R R 1 K B
AL AE KU AR T 38 R 2h ) A Sk s i
2020 4F, & s U RS I KRVD R R 4B T W
MW IR IS A R R A2 T AV R & &
Zb, BOBR I ORI SR B0 A R A S K )
W ARG Z KB TR IER 2 E . BT

5 B H#A: 2022-06-06; 1&1T H #1: 2022-08-04

IR s G U S WM ; CFD
XEH T : 1004-4523(2024)01-0040-12

BN T RY W 1A, I 5 — R 90 Sl 1 i DA ek
T PR M B 5 K I B TT Y B 4 R AT 1 18 XU
14 1 8 .

H A, &1 T8 2 A 2 1 W SR 3, B A2 3
PR TAHSCHRSE  JF 82 1 T Z A AS IRl 2R 1 (1 <3
5 il X DT TED 1 00 45 1 BB AT O A . Trwin' 3 5 K
TR B 5E T F A Ao 1120 & A 2 T8 PR v i 1 1R
EAER I S B S0 245 SR AT T X L SR UE o Lee
SRR 9T R B R AL TT R B A R 4 i B R R) BE 4 6
TET 1) e 41 P BB R R . A R AE N Y B
AR IR X 965 90 3IE 1 ok R O T DR T R AR
PERE B LA AE FD , I3 i CFD B AT 58 % LR
Hh e e AR A I 1/5 fiF R m i, R R R E AR
il PR S SR AT o AW AR T B AR A XTI 3 56
¢ T P AE R A TR B R0 R 1 i A 5 T
W 5% 32 B % 15 it B 0% S = 00 A1) DT 1 ) Y6 R K iR
S H A T IR AE R F . Rdn Y A = A
ASTR) B fe B B T 11 20 T3 I 1 320 47 B AR 78 X
R, RIAE+35 5 I AT, =P 112 1 34
Je B R TR B L (R ORI T R e MR AR A Ak F R
[F1) 38 5 T A XU D B — R /N 45 T T 114 90

HEEUWB: BHEHAREE 4% H (51678508,51778547) .



1w WOMR, A SRR A X T A R B T B 14 R e AT 5T 41

PR o B0 3E 2y B A XU R 56 % BB LR
T LA SRR T AL B A R IR R PR I . T 0
SO B T 4 A T (8] LAY AR T T v
PR P RE A AL/ D, T TR A 5T T 81 LR S AR
RUSF A5 Ak Xt 5 it ) B BE A g g i R 3 AR
T B 5 T MR OB B G 8 R M e KR Bl R R A
Jiti % B, E B IR TP 0 3 R R A T LA A o
TR 308 R Bl AR R i AE + 3T LI A T il IR 4K
W2z . TR a KRR 5605 T K S
TR e A A P T AR TS S A R A I A
45 3R WA AL B — S B R F T DU A SRR E R S
S M [ 48842 A T Ak 38 8 1) I8 B AH 285 45 ol i A
R, PRI E FAE LR N RS AR T 5,
T8 Ao KU 0 B 5 T S AR AR A XU DL R el A
FEAT 375 IR BT T 968 4 P RE A0 AR ARV D F o 45 2R
FWIAREL T 20— S sh R it , 215 3 sl 385 it 1) 71 R 3
AR

25 TR o TEAL S 4 9200 IR 3h i R sh i
FIR G R, K E TR e —ErRE L
0 4f AT A PR AR A R o ] LR R AR 1Y
il 41 8RR T B e A AR [ A Y T 7
AT NE I R Wik ) R L f U EL i
i PR SO B, B R B A WA S B R sh i
Jit ) 3 AR X 52 2, PRI O T AT X T AL A L R —
TR 3 0T BRL L D7 (5 722 25 1 i i i 5 i

A SCLAHE F 85 54 530 m Ay 11 R B A 20U L L
A TAETS 5, 3@ 3 1050 715 Bes AU XU ik 46 X 11 74
F2 B 1 10 Wik M e SRS R AT T R TR AR
U LA I SE MR L L B T — T R
M T AR DA S 2 S Bl i R S 5 A T B iR 2
S N4 T — R R R AR AL A R L O
S AR A} £ B AR Ak X2 2 A R s A it ] PR R
M2 HEAT T F 5T A5 T R SO A L B e
F CFD B (E B 58 T 3% 5 i 4L A 3 sh 35t 1
il 4R HLEE JE BT TR A R AR AR AR A R
Sl it ] % 1 R A 52 e LR

1 R T8I R e 1 BE A 3R

1.1 IRE=

AR SCAHE FE 85 R 530 m Y RS WU A AT A
TR & A S A B W E 1R, o 2004530+
245+80=1055m, FHER AL , i XA TF
TR G Ay = ¥ 1) 9 A A A R 2R 5 TR 6 M T A
HEW MW RESR, BR3.5m, 2% 25.5m, M
TR ) BE 23.5 m, IE7E T F R 36,

247 T O Ak 8 At KA T, S B A v D T [
27 o

105500 |
20000 53000

B1 BRE A A (LA em)
Fig. 1 The main span layout of bridge (Unit: cm)
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Tab.1 Parameters of section model wind tunnel test
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Fig.4 VIV response of the original II-shaped section
(£,=0.37%, £=0.18%)
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Fig.5 VIV amplitudes of the original II-shaped section with

different damping ratios
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Fig. 6 Diagram of the XZDM section (Unit: ¢cm)
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Tab. 2 The VIV amplitudes of the main girder under
-5° wind attack angle (£,=0.37% ,£,=0. 18% )
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damping ratios
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Fig. 10 Maximum vertical VIV amplitude of each section
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AL LA R B, #E — 5T KU AR T 5 T B AR 8 AT R
(SR VN TN R AN % o MR S NS
0 % I R B I 28.6 %6, g5 K HL B% i Ik IR 1 B IS
50.0% , 0 il % R AR F A s B A, {5 DL30 W
WA SR AFFE B IR R o FF R R R R E RS
307100 A& A 5 U AR 25 A TR R 2 A 3D 1 i U e
2 b A ) RO B i TR I 968 R e B R
BOZ AR S R (9 XZDLL30 W T Y B K )
W R PR 08 A R 10.9 mm, F FLVE SRR A9 7.04%
e KL% R 4R IR 08 AR 0.094°, O BV fe R M Y
34.3%



44 £ I N - 7 %37 %
1.6 600
| 1.381 £
~ 1‘2* 7 £ 5001463.6
B 1.0 %WW
% 0.8 ¥ 300}
ﬁ% K
# o4 AR ﬁzm: _________
Eh __027k | £ 100l o
0.2 0.0
0.0 iz )

Rigit @;%?M% EDLsogﬁﬁ;XZDmoag;@

P11 A& Wi e KA e R AR AR MR (£,=0. 37 % ,£,=0.18%)
Fig. 11 Maximum torsional VIV amplitude of each
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Fig.13 Maximum vertical VIV amplitude of section with

different inclined angle guide vanes (£,=0.37%,

£,=0.18%)
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Fig. 17 Diagram of calculated section
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Fig. 20 The instantaneous vorticity magnitude evolution

diagram around the original II-shaped section
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Influence of the guide vane inclination angle on the vortex-induced
vibration performance of the [I-shaped composite girder

HUANG Lin"*, DONG Jia-hui'?, WANG Qi"*, LIAO Hai-li"*, LI Zhi-guo"*
(1.Department of Bridge Engineering, School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China;
2.Key Laboratory for Wind Engineering of Sichuan Province, Chengdu 610031, China)

Abstract: The II-shaped composite girder is widely used in the construction of long-span cable-stayed bridges, but the weak vortex-
induced vibration (VIV) performance of this type of section seriously limits its application prospects. A Il-shaped composite girder
double-tower cable-stayed bridge with a main span of 530 m is used as the engineering background, and the VIV performance and
aerodynamic optimization measures of the II-shaped composite girder are studied by using wind tunnel tests. The tests show that
the VIV of the original II-shaped section occurs at each wind attack angle, and the VIV amplitude of the girder can be reduced by
setting guide vanes and the lower central stabilizer. The change in the inclination angle of guide vanes has a significant impact on the
combined aerodynamic measure of VIV suppression performance. The combination measure VIV suppression performance with
the guide vane of 30° inclination angle is the best, and the VIV can be significantly suppressed or even eliminated when the damp-
ing ratio required by the specification is 1.0%. The VIV suppression mechanism of the combined aerodynamic measure and the in-
fluence mechanism of the guide vane inclination angle change on the VIV suppression performance of the measure are studied by us-
ing computational fluid dynamics (CFD) numerical simulation. The calculation results show that the windward side guide vane in
the 30" inclination guide vane combination measure can significantly improve the gas flow around the upstream section, and the co-
operation with the lower central stabilizer can weaken the Karman vortex of the II-shaped section wake toy suppress the girder
VIV. Changing the inclination angle of the guide vane not only affects the generation of vortices near the guide vane itself, but also
affects the improvement of the lower central stabilizer on the vortex shedding state under the section, thereby significantly affecting

the VIV suppression performance of the combined aerodynamic measure.

Key words: IT -shaped composite girder; vortex-induced vibration; combination aerodynamic measure ; guide vane inclination

angle; computational fluid dynamics (CFD)
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