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Investigation into formation of two lock-in districts of vertical

vortex-induced vibration of a box bridge deck section

GUAN Qing-hai, LI Jia-wu, LIU Jian-xin
(School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract: The formation of two lock-in districts of vertical vortex-induced vibration of a box
bridge deck section was investigated via the amplitude response and surface pressure time-histo-
ries obtained by synchronizing vibration and surface pressure measurement in the uniform flow
wind tunnel test. The relationship between amplitude and wind velocity, means and standard de-
viations of surface pressure coefficient, correlation coefficient between local lift force and total lift
force, contribution of the local lift force to vertical vortex-induced vibration were studied. The re-
sults show that the lock-in district of high wind speed vertical vortex response is wider than that
of low wind speed vertical vortex response, and the amplitude of high wind speed vertical vortex
response is larger than that of low wind speed vertical vortex response. It is considered that the
cause of two vertical vortex shedding response results from two different vortex shedding with a
respective Strouhal number of 0. 145 and 0. 082. Vortex-induced forces of low wind vertical vor-
tex response come mainly from the airflow fluctuation at 2 guard rails’s area of the middle upper
surface and back pressure zone of the lower surface, vortex vortex-induced forces of high wind
vertical vortex response come mainly from the airflow fluctuation at the downstream zone of the

upper surface and back pressure zone of the lower surface, and the vortex shedding at their upper

K E#:2012-12-24
EEWE EHKARPAEEGIUH (51078038)
TEE B B F 1985, B INARE A T4 4055 /E , E-mail: guanqinghail63@163. com.,



%43

B E LA A R A A ) R R X 8GR B AT 41

surface are significantly different. The research results have general applicability for some typical

blunt box girder sections, and the research methods can provide a reference for similar studies. 1

tab, 9 figs, 15 refs.

Key words: bridge engineering; two lock-in districts of vertical vortex-induced vibration; wind

tunnel test; box bridge deck section; Strouhal number
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density of maximum amplitude
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Fig. 6 Means of surface pressure coefficients
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Fig. 9 Contribution of local lift forces to vertical vortex-induced vibration

3 & iE

(1) e~ [7) 25 00 e 000 e IRl 65 75 31 7 o B
TR R AT VL IF T 35 AP P AT S % T T 18 ] 3 4 X 1Y)
A AR T S 7 TR W A K i (13 o -8 8 =
DA 308 i DX ARG R 8 i DX 2 X ] 4, % 2 g i
K PIE R E T 5330 7150 A W AN [R)L IA h XUs
] 3 4% X 2 B A AN A Strouhal 20/ 2 A4S0 37
i R I T B

(5 1 IRIRIX IR E2OoRIE TAI R LR E
rRER 7 AP A DXCIEURT TR R T X R Bkl 2R 2
AR DX ) 2 B UE T AR 92 b3 R i ORI
YR DX S0 Bk sl W6 o AR b 2 T ) A I
A ST o 25 RS I08 % ) o7 6 A< sl A 1 i B A
PR ARG NS T B A A ST B ANE B
T Xof - At 7R 2 0 1 R WK 1A T — 2 i
Ik .

(3D [A]— >4 e W ThT 7™ A= 2 A A [A] 9 AL i A »
RIZ W JEL R TR Y A () SR 25 -5 W i 4k 3
M EAE TS, 2 DA B R R R R A 2 A4
AN St B IR R B Se 80 T i BO800 .
ML T B — BT

Sk

References:

(1] BRBOWE. MR TEIML dbnt: AR 3CHE 1R
#t,2005.
CHEN Zheng-qing. Bridge wind engineering[ M. Bei-
jing: China Communications Press. (in Chinese)

[ 2] Simiu E,Scanlan R H. Wind effects on structures: funda-
mentals and applications to design[ M ]. 3rd ed. New
York: John Wiley&. Sons Incorporation, 1996.

[ 3] Kimura K,Shima K, Sano K, et al. Effects of separa-
tion distance on wind-induced response of parallel box

girders[ J]. Journal of Wind Engineering and Industri-



46 KE&RFFMCARAF IO 2013 4
al Aerodynamics,2008,96(6/7):954-962. of girder in wind tunnel[ J]. Journal of Experiments in

LA 48 FR.ZEImat, PR & 2. 3 2 A7 22 W i s 9 Fluid Mechanics. 2009,23(4) :15-20. (in Chinese)
PR IR BORE LT ] KL R A RBEE IR (110 BEIRGE R EREE . 55, I BT 22 07 10 4R 45
2011,31(2) :47-62. KB HFFELCL/ /P AR TR S R S 4 T
CUI Xin, LI Jia-wu, CHEN Fei, et al. Reynolds num- SN TRER & TR a2 B8R TREEAR
ber effect on vortex response of streamline-like bridge SWEE - meE X TR A BRI SCE. .
deck section [J7. Journal of Chang’an University: N B 285 M kL . 2011 :485-488.

Natural Science Edition,2011,31(2):47-62. (in Chi- YU Le-chen,CAO Feng-chan, GE Yao-jun.et al. Ex-
nese) perimental study on performance of vortex-induced

L5 ] XURESC, BRI i dt4E , 5. R B8 XU #F 1 #F 32 S vibration of truss bridge girder deck[ C]//Bridge and
IR [T ] K% RF%FW . A RFBF/,2008,28 Structures Engineering Branch of Wind Engineering
(6):55-59. of China Civil Engineering Society Committee. The
LIU Zhi-wen,CHEN Zheng-qing, HU Jian-hua,et al. Proceeding of the 15th National Conference on Struc-
Aerodynamic interference effects of twin decks bridg- tural Wind Engineering and the 1st National Forum
es with long span[J]. Journal of Chang’an Universi- on Wind Engineering for Graduate Students. Beijing:
ty: Natural Science Edition, 2008, 28 (6):55-59. (in China Communications Press,2011:485-488. (in Chi-
Chinese) nese)

[ 6] Sarwar M W, Ishihara T. Numerical study on sup- [12] JTG/T D60-01—2004, /N BE W 24t K IZ T IELS].
pression of vortex-induced vibrations of box girder JTG/T D60-01—2004, Wind-resistant design specifi-
bridge section by aerodynamic countermeasures[]J]. cation for highway bridge[ S]. (in Chinese)

Journal of Wind Engineering and Industrial Aerody- [13] John D A. Fundamentals of aerodynamics[ M]. 4th ed.
namics,2010,98(12) :701-711. New York:McGraw Hill Higher Education,2005.

[ 77 Larsen A,Savage M, Lafreniere A,et al. Investigation (147 ZEImaR AR, & #E. K S B4 vk 7 0F 2 W i 2
of vortex response of a twin box bridge section at RO T i R (T ). 38 3 TR 2F 4k 2006, 19
high and low Reynolds numbers[]]. Journal of Wind (4) :505-508.

Engineering and Industrial Aerodynamics, 2008, 96 LI Jia-wu, LIN Zhi-xing, JIN Ting. Application of
(6/7):934-944. pressures integration in Reynolds number effects of

(81 JH@. ¥R & s [D]. /% . K% bridge decks[J]. Journal of Vibration Engineering,
K2,2010. 2006,19(4) :505-508. (in Chinese)

ZHOU Jian-long. Vortex-induced vibration of bridge [15]  [RUMEXSG, 8 AR, 0BG 5. o £k 7 1 R I & TR A
structure and control[ D]. Xi’an: Chang’an Universi- WRLCT/ /P HE AR T REESHER SN TR S
ty,2010. (in Chinese) MNITRZEN & H TR ES W TRE%R SN

L9 Ammg iR, 2= ek, J e, o o JF 4 46 % W 1 A A7 B —Jm 2 E R LR A RIZIe CE. tat: AR
1 PR S 5 40 AT LT 1. A iR, 2012,42(2) . A3 R, 2011:409-412
34-40. CHEN Hai-xing, ZHAO Lin, GUO Zeng-wei. Re-
HE Han-xin, LI Jia-wu, ZHOU Jian-long. Testing search on evolvement of vortex-induced force of stre-
and analysis of vortex-excited vibration of central amline section[ C]//Bridge and Structures Engineer-
slotted box section cable-stayed bridge [ J ]. Bridge ing Branch of Wind Engineering of China Civil Engi-
Construction,2012,42(2) :34-40. (in Chinese) neering Society Committee. The Proceeding of the

[10] ff ¢, B2, 22 Wl UK. KB i 35 2 05 B 10 IR % 15th National Conference on Structural Wind Engi-

I8 3l KU 1 23 47 LT . S2 86 3 MR 1 %%, 2009, 23 (4)
15-20.
XIAN Rong, LIAO Hai-li, LT Ming-shui. Analysis of

vortex-induced vibration of large-scale section model

neering and the 1st National Forum on Wind Engi-
neering for Graduate Students. Beijing: China Com-

munications Press,2011:409-412. (in Chinese)



