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Equivalent Wind Loads of Long-span Arch
Bridges

YANG Yongxin , ZHOU Rui, GE Yaojun
(State Key Laboratory of Disaster Reduction in Civil Engineering,
Tongji University, Shanghai 200092, China)

Abstract; Based on some engineering practices of long-span
arch bridges in China, static wind loading of a typical arch rid
by using segmental evaluation method and the equivalent
static wind loading with respective to the buffeting and
vortex-induced vibration by using the inertial load method
were investigated, as well as the comprehensive evaluation of
total wind loading for the arch rib and main deck was
conducted. Results show that the segmental evaluation
method is reasonable and practical in evaluating static wind
loading of arch ribs, and the modified Reynolds Number
formulas are benefit to predict static wind loading for
prototype bridges including the components of arch rib with
circular cross section. Combination forms of different
equivalent wind loadings were employed to analyze and
evaluate the wind loading effect in different regions of a long-
span arch bridge.
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Tab.1 Ten longest arch bridges in the world

H4 B FEK/m BB BR BEXEH/E
1 BEREIXITKH 552 @R PE 2008
2 LBSAEKEF 550 WA HE 2003
3 Figge K 518 MR EE 1977
4 EAG KR 504 TR EE 1931
5  BRWBOXHK 503 HNHTZE WKFIE 1932
6 POJIARIL K 460 |mE I 2005
7 THRIKRE 428 Wi HE 2008
8 ERFEAKIKH 420 EELE $E 2001
9 EREREIKAHE 420 HEHE PE 2008
10 BAEEWEVLIOAT 400 WE HhiE 2007
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Fig.1 Aerodynamic forces
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Fig.2 Egquivalent section arch rib (unit: mm)
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Tab.2 Main parameters of sectional model test

S8 5 JEA FERER  EZRI

W& /m h 2. 200 0.176 1:12.5
38 /m b 3. 200 0. 256 1:12.5
/O Ay 5. 000 5. 000 1:1.0
WEHAK /m A 8.829 0. 706 1:12.5
AMEERIIK /m AL 4,375 0. 350 1:12.5
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Fig.3 Sectional model in testing
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Tab.3 Aerodynamic force coefficients of rectangular arch rib at 0° wind attack angle

B
1 2 3 4 6 7 8 9 10
Co 1. 347 1. 336 1. 261 1. 294 1. 302 1.311 1. 304 1. 317 1. 314 1. 321
C —0.037 —0. 047 —0. 049 —0. 055 —0. 044 0. 002 0. 062 0.074 0. 080 0. 066
Cm 0.016 0. 019 0. 031 0. 023 0. 027 0. 043 0. 050 0. 051 0. 041 0. 039
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Fig.4 Arch rib of CFST
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Tab.4 Aerodynamic force coefficients of the CFST arch

rib at 0° wind attack angle

B
1EETD 2 4 7
Co 0.725 0. 794 0. 806 0.813
CL —0. 004 —0. 005 0.002  —0.005
Cm —0. 002 —0. 003 0.003  —0.008
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Fig.5 Drag coefficients of circular cylinder at
different Reynolds Numbers

B30 XU R 56 A5 2 A BEL ) R FX LU e R
WET 8 MNMNE AR BT I BE ) R B
TR, SRR R BT DHE .
Co=Cx * s *7a/70 =Cw * s an
A : Cp FRSEHFHEA B FH 7 R E 5 Coo 2 KU I 6
1B BEREE T HE I B RIRE ) R o BRI A5
AN [R5 o B SR R T A IR A BEL T R LA
na AT RSB AR R EE AT A B ABE )
REE; s BT BB B AR FHEHEMET 8
R B 2H R ALl BE 7 2R 8080 B 5 7 R XTI B0
15 RN R Bk HE B R BB EE R B TR
WT: 76 = 7 gu/7a = 0. 505 X 0. 481/0. 343 =
0. 708. T3 SLHFHEM A R 75 B 9 BH ) REGE F
L 5.
x5 CREATHERRELIHMEERNSFHEY

Tab.5 Modified aerodynamic force coefficients of the
CFST arch rib at 0° wind attack angle

B
1GETD 2 4 7
Cp 0.513 0. 562 0.571 0.575
o} —0. 004 —0. 005 0.002  —0.005
Cwm —0. 002 —0. 003 0.003  —0.008
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Fig.6 Steel arch ribs of arch bridge (unit: mm)
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Tab.6 Maximum values of gust wind loading for

an arch bridge

B BP0 ., w. Wy
1 0 <<x<(57.38 13.66 —2.28 22.34 1. 000
2 57. 38<x<<111. 38 14.34 —2.31 75.52 0.988
3 111, 38<<x<<165.38 15.70 —3.77 137.9 0.954
4 165, 38<<x<219.38 21.17 —2.47 282.0 0. 890
5 219.38<Cx<<275.00 24.17 —2.47 282.0 0. 769
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Tab.7 Maximum values of equivalent wind loading in buffeting resonant responses

NE B wni/(rad » s71) gR; "OR,/M  m;/(10%kgem™) W./kN.m) i (D
s B1H 2. 68 0.014 16 3.42 cos Crx/LD>

=20 4.73 0. 006 26 4. 82 sin (2xx/LD
gy B1H 2.34 0.029 26 6. 33 sin (2xx/LD

B2H 3.74 0.011 16 5. 87 cos (3nz/LD
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Tab.8 Results of equivalent wind loading in buffeting
background responses

S - PR 2/ SR oL ERE X

A R mm A R {E
o Hehh 8. 87 1.16 0.92
&5 73 3.01 2.89
eSS HERh 10. 41 0.13 0.13
7 0.22 0.19

T Bk, A 2 BEFAL i B R X I 4 8 T KA
B HH S SRR BIR 47 3085 1 KU 300 LA
KBS BT AR R ) I 22 2.
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/0N, — AT A2, BT LA 35 O S 50 B ) e A TR 8
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Tab.9 Maximum values of VIV equivalent wind loadings for arch bridge

S BE Uk w/(mes D) wy/(rades D) SR, "OR, /M  m;/(10%kgem ) W./(N-+m) an <zD

=z %1/ 16. 3 2.68 0. 006 16 0. 65 cos (mz/LD
5 2 By 40.0 4.73 0. 006 26 2.01 sin (2rz/L>

s 18 16.3 2.34 0.038 26 3.02 sin (2nz/L>
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KF 5.87 kN « m R P far 2R 04 , i HAth 3
FRRLASTS B4 B IXUAT 2 04 (L0 B2 /)N T A8 Bz By 8 i XL
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Fig.7 Three different equivalent wind loading of the arch rib for an arch bridge
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