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TECHNICAL CHALLENGES AND REFINEMENT RESEARCH ON WIND
RESISTANCE OF LONG-SPAN BRIDGES

GE Yao-jun

(State Key Laboratory for Disaster Reduction in Civil Engineering, Department of Bridge Engineering of Tongji University, Shanghai 200092, China)

Abstract: With the rapid development of long span bridges in China in past three decades, this paper presented
technical challenges of wind resistance on three type long-span bridges, including flutter instability and control of
suspension bridges, wind induced vibration of cable stayed bridges and control of wind-rain induced cable
vibration, vortex induced vibration and control of arch bridges, and the refinements on aerodynamic flutter and
buffeting of super long span bridges. It can be concluded that the intrinsic limit of a span length due to
aerodynamic stability is about 1,500m for suspension bridges, and beyond or even approaching this limit,
designers should be prepared to improve its aerodynamic stability. The cable-stayed bridges with a main span
over 1000m have high enough critical flutter speed, but the main aerodynamic concern is the rain-wind induced
vibration of long stay cables. Except one example of vortex-induced vibration, long-span arch bridges have no
wind resistance problem. The refinement research on wind resistance of long-span bridges was also introduced
with a full-mode flutter analysis method, the bridge buffeting frequency-domain analysis under skew wind action,
the bridge flutter and buffeting reliability evaluation method based on second order theory and first passage theory,
and the unveiling of a bridge flutter evolution process, generation mechanism and control law.
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Table 1 Ten longest span suspension bridges in the world
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Fig.1 Elevation of Runyang Yangtze Bridge
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Fig.2 Cross section of Runyang Yangtze Bridge
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Table 2 Fundamental frequencies of box girder suspension

bridges

M55 Mz BBz HEFEHR/Hz

MRR R RER SRR RERR SOW R

MK 1490 0.0489 0.1229 0.1241 0.0884 0.2308 0.2698
PNGLIPN 1624 0.0521 0.1180 0.0839 0.0998 0.2780 0.3830
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Table 3  Critical flutter speed of Runyang Yangtze Bridge
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Fig.3 Central stabilizer of Runyang Yangtze Bridge
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Fig.4 Elevation of Zhoushan Xihoumen Bridge
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Fig.5 Feasible schemes of box girders for Zhou Xihoumen

Bridge

x4 AULEHRT A RERRIG R RE
Table 4 Critical Flutter speed of Zhoushan Xihoumen Bridge
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Table 5 Critical flutter speed of a 5000m spanned suspension bridge

R L m/(x10*kg/m) I/(x107kg * m*/m) filHz fo/Hz Uq/(m/s)
WS NS WS NS A NS WS NS WS NS
1/8 6.01 6.79 5.28 2.37 0.05955 0.05936 0.07090 0.09073 829 747
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1/10 6.73 8.33 5.92 3.29 0.06219 0.06204 0.07268 0.08653 909 789
1/11 7.66 9.52 6.77 3.62 0.06237 0.06219 0.07269 0.08403  98.9 827
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Table 6 Ten longest cable-stayed bridges in the world
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Fig.7 Single box girder of Sutong Yangtze Bridge
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Fig.8 Twin box girder of Stonecutters Bridge in Hong Kong
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Fig.9 Isolated two box girder of Edong Yangtze Bridge
22 ARSI EY

TR B 0, R T AT 5 R
TESEEIE 800m [RRHA NS B, BT FL AN
HFAER (E1X 5 Ry, 22 2 A e —14
181, MG e AN 08 8 e /I I T 3 SR M e
%, (R I AR R L LU A k. i
TS S I O R A B OO RS, )
2 FLUN B A AL BIECR ., (HR IR IUL
SRSEZE 2PN d DN SR (ST R g IS
IR, IR EATT N (O HH e S LE T0At 4 JR8 )
PUFAREER, TR UM 58K, BRI A AR
MEEK. £ 7 haitsh IR BB E IR R, R
PR S A5 4 BE () B0 A o iUk,

B e 2 K I M e d o B OB E PERE, A
T E W I AR, AT LA s B A XU R
oA MUY XU R 75, ] RASRE Tk 0
o BB SR T R T . RS el et
BEHE R I E IE M RAF K o 1K 5 A IR B I 57 XL
BRI XGE AN 7 Prose T IR R T
25 ) ZR AT P L EART S, 2 AN A7 AR B SR R ) e
B PR BB i A 1 B T LA SRR R 0 i Lt —
LR,

@]

5
124027 1.048

F 7 BHIFESFNERXE
Table 7 Fundamental frequencies and critical flutter speeds of
cable-stayed bridges
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PN 856  0.151 0.222 0.500 225 78.0 583
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Table 8 Top ten longest arch bridges in the world

e L #h RS , 92
wy TR EEm o e s ke
1 FEREIRITRM 552 MR & & E - 2008
2 gl 550 WA R BRI TP 2003
3 EIREROE T 518 MMM B & X 1977
4 PN 504 NI B & EHE 1931
50 BB 503 WIMIR B & KRNE 1932
6 MUK AN 460 wmE B & E 2005
7 TAREIERME 428 BN B K E - 2008
8  JTEKILKAF 420 WEELH £ K FE - 2001
9  HEPEEHUKH 420 WEH £ K E - 2008
10 IR DN 400 D W " iE 2007
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Tl 100m, PN HE R T 1A 26 o RS R SR T 40
Fi, 95 Sm, HEIAbET 6m, HEEEALE 9m, Wi 15
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Wy B R o B RN BE I & )38 T ek A o A T R
L R4 A it T BORH BT IR S 1A Bl AR e
gz Atk JETHRUEAE B REREE R 20, 56 A i KA
(K138 AR 2 ) FLEA T T IR AR 900,
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Fig.16 Countermeasures of vortex induced vibration of arch

ribs

# 9 Strouhal FFNHEM IR

Table 9 Strouha number and corresponding amplitude

Ji % ST Strouhal 30 JRIG/H  I/NEIE/(%)
CS-1 J ke 0.156 0.028 -

CS-2 2m iR 0.220 0.025 11

CS-3 2m AR (/KT 0.137 0.034 —

CS-4 2m AR ("B 1)) 0.137 0.032 —

CS-5  4m THEBASEMR 0.137 0.032 -

CS-6  4m JEHBEEM 0.156 0.017 39

CS-7  4m ISR 0.175 0.023 18

CS-8 35 A B AR 0.156 0.011 61
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RIS SEAE PR TI-3 JASHZ KR R BT,
B 17 B, A/ R XA 0 45 SR 1,
AF IR S HE AV 30%:i% 25 (1) b i A (F5 it
B)#B AT 2ol 183 i i i 22!

K17 b il K e s Y
Fig.17 Full aeroelastic model of Shanghai Lupu Bridge
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Table 10 Comparison of 3D multi-mode and full-mode flutter
analysis results

2R AMEES e MEE 4AEEE AR
Ud ful Usd fol Ud ful Ud ful Ud fol
(m/s) Hz (m/s) Hz (m/s) Hz (m/s) Hz (m/s) Hz
BESFEF 99.3 0.268 99.6 0.267 99.6 0267 — — 99.8 0.267
MIHAHAT 67.9 0336 72.9 0.336 74.1 0.336 73.6 0.340 75.2 0.340
i MR BRI 68.5 0228 —  — 70.8 0.226 75.3 0.214 76.6 0.213

42 —H=BEHESBSIRS N

FETALG M R ER PR, M SRER Vi e it it
T B 1 3 A A L e SR F A S 2 R e T
AT, MR BRI SO SR 2R —
YN ER B TR SRR R o B AR X R 56 T
2%, MRS e ) — it S e 2 B T R T 2 A
ST A T T B R AT IR

[F) 5 DR 2 BT KA RV B A VL K T 4
FUa BRIt L B S R BE 20 H L0 AR A I B
#1 Hoga Kusten ik Z My it T B BB 4Rk Gl H A
WK RGP, RIS R RS KB T A3 3
Pl BB T 7778, RIS o FFUR IR0 Rt

51
gk




20 T &

I

(Sequence A)FIIEXS FrHEHE (Sequence B)LL S MHFES
TG IR R A5 (Sequence C) o K H = i GL B 4 7>
WA 2T AN B 25 1) ] 7 e (WL 18] 18) A1
BRI R (L] 19), 7R T M [ A A A
BB 1 R i A () it T 7 90 R S B B 2 2R (1 v A R
At RILT ST IFUR AR T2 1E 15%Hf% %
R I S XGRS, 1T AR B T s RO R R 25
7 BA b B R AR PR,

040 ‘

—— #lA) . //
0.35 HEE(A) . *
- - - - WHE) S &
030 — =~ jil£4(B) ——
I ———"ilC) . -
= 0.25 [ —— HI#(C)
2 . -
o 0.20 | , s
Pt e
015 %%ﬁ~77<<‘ﬁ7>,g
0.10 L !
0 20 40 60 80 100
TR (%)

K118 4l [E A A AL A
Fig.18 Evolution of structural dynamic frequency
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Fig.19 Evolution of critical flutter speed
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Fig.20 Cross sections of three branches of thirteen types of
traditional girders
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Table 11 Bridge projects with flutter countermeasures in

China
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Fig.21 Comparison of mid-span accelerations of Tsingma
Bridge in Hong Kong
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Fig.22 Yawing angle and mid-span displacement of Tsingma

Bridge in Hong Kong
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Table 12 Reliability evaluation results of bridge flutter instability

R B Pr(—R) Pr(ZR) BREM i Pr(—iR) Pr(ZR)
ARG R RRER LR 4342 7.08x107° 6.65x107° MM ZLIE KA 4.541 2.80x107° 2.62x107°
HEARR AN i 5.875 2.11x107° 1.94x107° I AP 4.037 2.71x107° 2.55x107°
i R A 4.040 2.68x107° 2.52x107° ER=RSIpN i 5.421 2.97x1078 2.75x107
WIALIRS KA 6.327 1.25x107"° 1.14x107"° YLBIKAT KA 4.569 2.45x107° 2.29x107°
Y7 PN 4.989 3.04x107 2.83x107 BV RSN 3.444 2.87x107* 2.73x107*
Rl T P VLA 3.403 3.33x107™* 3.17x107™* FLL PG KM 3.960 3.74x107° 3.53x107°
[Fpngs 7516 2.83x107 2.53x107
H B KT RHE 4792 8.25x107 7.71x107

K 45 K B ) ] 5 SR AR S —— 1 U B
KA, P T 2 B AR R I TR R T SE
HT 1) Poisson i F 74 M1 Markov 1l Fi: DL K 6T EE
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fir, R 13 g T BRI R AL TR 1)
IR EAE

5 Zig
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SRT ke TU PN AR G 23 PR AN AT 2L e B

13 IHREHRAIESCRE KB RITESER
Table 13  Stiffness or strength failure probability results due

to bridge buffeting
Wil KA AR PO PR XU R ST A R A S SRR ) 7 fR
1% 115 6
WL ek B 0.0091  0.0091 - 1% 0.0005  0.0005
M 0.0000  0.0000 % 0.0001  0.0001
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