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Buffeting performances comparison of cable-stayed bridge with IT shaped deck
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(1. College of Civil Engineering, Fuzhou University , Fuzhou 350108, China;
2. State Key Laboratory of Disaster Reduction in Civil Engineering ( Tongji University) , Shanghai 200092, China)

Abstract; In order to obtain reasonable aerodynamic shape of IT shaped bridge decks, the buffeting performances
comparison of a cable-stayed bridge was conducted based on wind tunnel tests. Firstly, three different types of II
shaped bridge decks were designed based on one real cable-stayed bridge with a main span of 300 m. Secondly,
force balance and vibration sectional model wind tunnel tests were carried out to obtain aerodynamic parameters
under different wind attack angles. The aerodynamic parameters include three-component static wind loading
coefficients, flutter derivatives, etc. Finally, three types of II shaped bridge decks’ buffeting performances were
compared and analyzed by considering the aeroelastic and buffeting forces. The results show that buffeting responses
of the bridge with different IT shaped decks are different from each other. Buffeting responses in any one freedom
could be changed when changing bridge deck shape. However, the optimal influences in vertical, lateral and
torsional directions could not be achieved at the same condition. Reasonable aerodynamic shape selection of IT
shaped bridge decks should consider the mechanical characteristics and the performances of flutter, vortex and
buffeting.
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Fig.1 General layout of the cable-stayed bridge (mm)
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Fig.2 Cross section of the standard main girder of the cable-stayed bridge (mm)
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Fig.3

Wind fairings of cross section of the standard main girder (mm)
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Fig.6  Flutter derivatives of the standard girder cross section under 0° wind attack angle
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Fig.7  Sectional model force balance wind tunnel test of the

cable-stayed bridge
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Tab.2  Buffeting displacement comparison of the main girder of cable-stayed bridge

1 1] (v B A 7./ m IRKPASE A e 1./ m e R/ ()
I By 1 A A

FEET 8 148 aEETS FEET EE 148 LEET BB 3 1/4 85 ShEETh

SHik— 00443 00319  0.0221 0.0225  0.0143  0.004 0 0.1521  0.0613  0.0413

3° SWMR T 00415 0.0298  0.0205 0.0298 0.0191  0.005 1 0.0892 0.0363  0.028 8
TSFHMR  0.0509  0.0380 0.0268 0.0261  0.0167  0.004 5 0.1117  0.0443  0.0322

SWMR— 00568  0.0372  0.0194 0.0209  0.0133  0.003 6 0.1486  0.0607  0.041 0

0° Sk 0.0633 00419  0.0228 0.0249 0.0159  0.004 3 0.1215 00512  0.0377
T dAR 00411 0.0256  0.0113 0.0260  0.0166  0.004 5 0.1375  0.0546  0.0393

SWHMR— 00637  0.0393  0.0140 0.0227  0.0144  0.003 6 0.1124  0.0455 0.0321

-3 SR 0.0739  0.0459  0.0177 0.0235 0.0149  0.0037 0.0986  0.0423 0.0310
TFHMB 00568  0.0357  0.0154 0.0268  0.0170  0.004 5 0.1119  0.0455  0.0340

XPFARTF-EHROG RN, e KAE I R AEAE s NN, 20 52 TG T 3 Al T 18 1 02 1) 1149% F11 86%
b, X T SRR — Wi, e KOKCERHR A I 00 KU I, IG5 R DB 18 A i 7 e K, S I AR —
JiA 0.022 7 m, KAFE-3 KNI AN X T3 = A SR e R B AL 43 ) TE S AR
Wik, e K ACERHR G AL W W4 0.029 8 m, KAEFE THIZIN 19.5% 1 4.3% ;- 3° KA B, AR 2 T S Al
3° I A B 5 X T IC R AR, S KK BRI RS W IR A i 07 i A, 5 B A — D T R Al T I A
AR 0.026 8 m, KAEFE-3° KICME. 3° I ff EEE A M LIS S AR W IR /N 15.2% F112.4%.
B, AR T e B R, AR — W e R ER 2 FNIET 12 WTRUR I KT RMR A R i A 3 B



c 174 - MR O T M ok % % R

5 49 %

/4 B5F30 85 5 v A AEAE 5 3 B 5 v AR LA L.
WAL G FEAK V- 141R 57 8 i 107, 3 7 Al — DB T A %o
BT, TR AR T TR R 22, 5 A T TR AR R A 2%
X T BHIRA RS e 107 g R R A 18 2 AR 7
FE AL, X TS AR — W B KA BHIR AL
FEMA R oA 0.152 1°, K AETE 30 I H B 3 % T3 A
T S KA RHIR O R W N Ry 0.121 5°, RAHE
0° I A B 5 X F 0 S I Al T T, fe AL % BHIR (0
M4 0.137 5°, & HEAE 0° I fA k. 3 FloA ] 5 XL
YA TOUT S0 b — T T AL e A 34 e K, 3
TR —WE A . E RS AL E AL 30 .00, -3°
AT A -5 3 A — - A 7 1T P L 2 B4 g 17
A3 S G SR T IR Y 136.19% 1 79.8% , 108.1% Fil
88.4% ,100.4% 11 88.1% ; £-15 1/4 B4 B AL ,3°.0°,
—3° XUTAC A B 3 A — 5 G A — O T ) L 4R
M 137 3~ 1l 2 G 5+ I A W7 1T A9 138. 4% FT 81.9%,
111.2%7#195.9% , 100.0% F1 95.1% ; i1 5 5 v A B
Ak 3000 =3 JRUICA IS 3 Al — AN Al — T 1T 1)
R4 ) L 43 591 2 TG -5 3 A T TRT 1Y) 128. 5% Al
80.4% ,104.4% 1 95.8% ,94.6% F1 91.2%. H.# %
B, AN SR R IR A B i 17, 5 S AR — T T A
X cht , o AR AT 22, S A — B TR A X f 2.

4 #Z @

1) SEB A2 ik o2 10 BT 11 3 R W i
MIAME , 7T LLBOE T 824 — A iR B A EHIR IR Y.

2) T1 BT 10 =52 W v S B B Xk AR A 25
FIHT R W8 L B4 5 0 AN [R5 000 3 U A B T A
LE NS AR — Al ARG K F 7 1) A EHIRPERE , 20
AT AR B by B2 77 18] B A BHIR PR BE AL 5 5
SR T ARG e 5 16 )RR IR P RE ] I ol
BT ) B EHIR TR RE & L. SME S X R
1] A0 1) PR A 4 4 522 W AR M ] IR i 21 e

3) BT 35 5 A1 1 1) iy 430 R ER A 0 AT R
SERG A EEE A, KT 2 e XU . PHIR
BEE 73T H A 5 e A D UL PR ZR 00 1 1 Dy
R HEA TP Z ).

4) 5 BR AR RA L , BHIRE RS BERHAR 5T
BT AR HIAE . 5 TR 10 32 1
RS VBRI BRI 4R AN R IR PERE, XA
SCH R RHATF L Ye it FH S A — B

5% ik

(17 FeERH, W EussR. IF 1 3200 A shik [ ¢ 1/ Tm
oA R Y R AR PAE o= o NSNS Top . N & 8 P o S|
R N TN T 3 122k 22 5 2, 1998
240-245.

SONG Jinzhong, HA Hong, MAO Hongyin. Aerodynamic selection
of open bridge deck[ C]// Proceeding of the 5th national conference
on wind engineering and industrial aerodynamics. Zhangjiajie; China
Aerodynamics and Industrial Aerodynamics Specialized Committee,
1998 ; 240-245.

XUAHEE, Faakr. H IR 8T I B (1) 30 3% K s ML B e =it e
HAHTI]. EARTRZER, 2013, 46(4) :110-116.

LIU Zujun, YANG Yongxin. Flow field mechanism and air energy

[2

[

characteristic of H-shape section in flutter[ J]. China Civil Engineer-
ing Journal, 2013, 46(4) :110-116.

XUAHZE, BEWIIGE, ARk T, ~F- B 1 XCBOHR 3 Y O 3 9K s AL 2
M), R EAHAR, 2012, 25(4) (75-82.

LIU Zujun, JIA Mingxiao, YANG Yongxin. Flow field mechanism of

—
w
[

flutter of plate section[ J]. China Journal of Highway and Transport ,
2012, 25(4) :75-82.

HEBL, BEkilt, EREE. R I O W E 32 3R Bl e K
TAE [ J]. MR Tolk R 2244, 2012,44(10) :109-114.
DONG Rui, YANG Yongxin, GE Yaojun. Wind tunnel test for aero-

—
~
[

dynamic selection of II shaped deck of cable-stayed bridge[ J]. Jour-
nal of Harbin Instituted of Technology, 2012, 44(10) :109-114.

[5] YANG Yongxin, DONG Rui. Wind tunnel study on wind-resistant
performance of Co Chien cable-stayed bridge in Vietnam ( Research
Report) [ R]. Shanghai: State Key Laboratory of Disaster Reduction
in Civil Engineering( Tongji University) , 2011.

[6] DAVENPORT A G. Buffeting of a suspension bridge by storm winds
[J]. Journal of the Structural Division-ASCE, 1962, 83(3): 233-70.

[7] LIEPMANN H W. On the application of statistical concepts to the
buffeting problem[ J]. Journal of Aeronautical Science, 1952, 19
(12): 793-800.

[ 8] SCANLAN R H. The action of flexible bridges under wind, I; flutter
theory [J]. Journal of Sound and Vibration, 1978, 60(2) . 187—
99.

[9] CHEN X Z, MATSUMOTO M, KAREEM A. Aerodynamic coupling
effects on flutter and buffeting of bridges[ J]. Journal of Engineering
Mechanics-ASCE, 2000, 126(1) : 17-26.

[ 10]KAIMAL J C, WYNGAARD J C, IZUMI Y, et al. Spectral charac-
teristics of surface-layer turbulence [ J]. Quarterly Journal of the
Royal Meteorological Society, 1972, 98(417) : 563-589.

[11]JLUMLEY J L, PANOFSKY H A. The structure of atmospheric tur-
bulence[ M]. New York: John Wiley & Sons, Inc., 1964.

[12] rhie AR 30 7. 2 B A S0 K BE 1T 3« TG/ T D60~
01—2004 [ S]. b5t A RACH AL, 2004.

Ministry of Transport of the People’ s Republic of China. Wind-re-
sistant design specification for highway bridges: JTG/T D60-01—
2004[ S]. Beijing: China Communications Press, 2004.

(131 TARINE KU FEATR G 5 B R R 7 O AS A0 4B 0 [ D] 138
R, 2001.

DING Quanshun. Refinement of coupled flutter and buffeting analy-
sis for long-span bridges [ D]. Shanghai: Tongji University, 2001.

[14]JONES N P, SCANLAN R H. Theory and full-bridge modeling of
wind response of cable-supported bridges [ J]. Journal of Bridge En-
gineering, 2001, 6 (6) . 365-375.

[15]FEBL. KIS ENRE HARGRE NGB R [ D], Bif . WY
K2, 2014,

DONG Rui. Multi-target equivalent static wind loading of long-span
bridges [ D]. Shanghai: Tongji University, 2014.

(HE AHi)



