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Fig.1 Layout, typical cross — section of girders and bridge tower arrangement of Sutong Bridge
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Fig.2 Schematic diagram of nonlinear

lateral deflection effect for stay cables
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Fig.3 Schematic diagram of named elastic
modulus of stayed cables for Sutong Bridge

under lateral static wind loading
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Fig.5 Vertical bending frequency comparison
of MECS result and field measurement from

full bridge aeroelastic model test
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Fig.6 Flow around upper tower column

of Sutong Bridge
R B8 B R — JB AR [1a) 3R FH 2T 2 4 46 2%
AN R S NN O AR S PNIPC)
TORES JE BRI , R 2R T 38 00 XAy 29T o LE
BB R /N 8, Bl R AT S E A R, AR
FITERHLZR F A XU 48 7] BE B A T 82 b 8 XA
B, AR R B B R AR, X R R LAY X 2K

25 a
2.0
g 15
1.0
S
0.5
a—Co(X G
0.0 b—cnzé;}s#zﬁm)
05 o—Co(1 X 3H)
210 0 10 20 30 40 50 60 70 80 90 100
A/

7 FEXN LEERE S RIS R
Fig.7 Drag coefficients of upper tower
column of Sutong Bridge
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Fig.9 Wind load measurement on stay cables
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Fig. 10 Flow field around stay cables obtained
by CFD numerical simulation
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Fig.11 Comparison of wind load test
and CFD result on stay cables
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angle of three systems
WFFE R, TR 3 FhAS [F] A B B2 i Bk =0,
Fixed — Fixed 1E &R 5 W W, fE 05 A %% b B (IR
AT 1) () Ry 2, PR HE 72 Fixed — Fixed 33 R
li] 23 RT3 3 A g AR A DA 5 A AR AT AT 1 DXy 28 )
BHAR I BAETE R T2 T,



5 SEEBSIHSEHIRG

R T S K AR R B R T R 2
BN, FE 7Rl KPR T s it #3801 3T 24
SRR B SRS R O R R
JEFRANT .

PR SRV Ry AR SaI i NI VS B .0 e i Y
JEAEOL T, 45K B iR sh 5 #E ] LAS A .

[IX +[ K] X =0

S

lwizﬁﬁﬁmwumﬁﬁmﬁ%ﬁﬁ%ﬂMUﬁﬁi

[wli+ kg =0 (2)

K)oyl =diag(m:) (i =1,2,... ,N) , [}
diag(k:) (i =1,2,...,N)

% RIS R AEAER SO0, 5 1 — el A

(3)

Cwdio + g+ ilg =0
LGl de R,

[FRE AR 18 AN EidiR TR Fah = . A U AR
AT LIPS RIS j BRI ES § AR AL TR

U\‘H

=

10
—-— ;POFL,\?J”:,I

Ay

meS oo m Y
LIIOLIIQLIIOLI\OLI\O
=

10

<

& oo
—_ O =

Soo b
wn o WM

2.0

1.5¢
1.0p
0.5p
0.0
-0.5}
-1.0

A
i
NSO ULhAhmo e~

10 12 14 16 1

ITRIE(U/B)

<

8

Hy

L

‘1ﬁ:jn@g@ujm

0

=

L
JCaS g

0

AF/ Z)q‘/j (.P/[ xj ‘Pi[ _x] dx

L L

= 45" [ol ol x) dx + 457 [ol ol y) dx (4)
L EFAR [ plo+[dg+Lrg =0 LA
[ [P O [ SO A T S o B
S LAT S+ AP L
¥R L BN A ih nl IR 3 .
[P+ (0= D401 g0+
(LRl =LA =0 (6)
eIk S BU R L LS e LI DREE S (1 L
PR ¥ ERA (eigenvalue realization algorithm ) 75 %] 4%
) 1 I 2 FBELJE B, 8K 5 T DAtk — 2B A 32 2R
THD A BT 45, I T2 07 v T DA A T A0 A )
PTG 13 45 T AR AU Y B A
U Y B AR 4K

(5)

N x N

2

1L

0

adk

af 2DOF A H 4 &

3F TREen e

o —FhomicH

S0 2 4 6 8 10 12 14 16 18
Uk R (U/{B)

2
1 L
0
-1+
2t
3
4F
50 2 4 6 8
0.5
0.0
0.5
-1.0
-1.5
-2.0
-2.5
-3.0 . X X X . X . X
0 2 4 6 8 10 12 14 16 18
PR IE(U/B)

13 SRR FTEERE ERIBIENER(TIRSEA 0 ,i=123,4)

Fig. 13 Comparison of aeroelastic model test result, section model test result and flat — plate

theory solution ( flutter derivative A, H' ,i =1,2,3,4)

2009 FEE 11 BE3H 35



6 =B FEEEXRE KBRS R0 R

XFEREAERNmN S, EROIRERSI &
KPR SEAIIR VL K 55 )8, A T hE e
ol REATG IR PR 80 & A B T B, R R T B B TR AU
5% 3 G2 1) R P PR Bl B L R TR T RN

B W R B, BT O S A E AT T B A
IR BT & A BRI EIR SR IE . BARZIRIEE A
Rt FRVHE  H IR T e K PR R b R A 0 D IR B0 PR
W, AT T — R 80 A IR IR Bl B R B A it F
52 e 14 R

&
2

..u._a*.‘u'ypuu\,'v-ﬂq 9!

/)’1' !{'UVV”“‘}}“\'TL__
T
\»»Mfa—»\r-pnaapa»\paaa

()FHE A B (COWIR K i, RIBIE(LT
ARHIERR F 18] i JER AR for B

Uyy

ST

A A

(b1, RSB AT LR A
Rl

YU YVUUUYUUVVIT

AN

(2. RS A R S B
75 mm, A SIS
B 14 FERRMIREBHEE

Fig. 14 Measures for reducing

vortex — excited oscillation

i WEFE SR, RSB I A% ) S B A A
REAS 100 T 03 AR 3 10 e A=, SR T T R0 TR 18 42
MBI ok TARZ A, it 2 Kk s Bl a2
75 cm JfHEBE G AR AE 05 4 R R Bl IR 0 0 ) 3
4 ~5 emZety, P15 D753l KR i IR 2h IR IR

RO 32 R XA A R R
16 iz, BRI EE SRR W], 320 A4 T v BN I B
A, JEHGE L AR, AN R v BT AR Y 22
i

XF T TORGURHAR I &, 32 3% B9 8 o B8O
FEHAT IS, o3 W H R A T IR Bl 4 ] REAE O
LR HCHE G 3 (6K 140 78 i 2l i i e 7 i e )
— R 2 Bl Sy R

7 #iE

G T IR RO R LA SR s

36 HEIERZE

0.16
0.14f
0.12¢

20.10f
%go.o&
Z0.06}
~0.04

0.02}

0.00

4 6 8§ 10 12 14 16 18 20
IR/ (m-s™)

E 15 HiBXFRERINIRIE
(0° R, 8% )
Fig. 15 Vortex — excited oscillation amplitude

of Sutong Bridge(0° wind attack angle,smooth flow)

-0.06
- 1:13.5 KHGFHEER T ) R
-0.07 o 1170 /NERBEBARRL T ) R
-0.08
%
=009
EN
20.10
o
-0.11
-0.12
0.0 2.0x10°  6.0x10°  1.0x10°  1.4x10°
FiLEHRe
@7 H

= 1:13.5 K] BAS A B 7 ZR 4G

MU 170 bl Sk iy R

—

FED R %K
c o

® O

4

0.6L— . . .
0.02.0x10° 6.0x10° 1.0x10% 1.4x10°
EHHRe
(bR

16 A ERMHRE 0° L fAEE
=R NREBNEIEEL
Fig. 16 Reynolds number effect of three
static force coefficient under 0°attack
angle for the completed state of design scheme

R, BEFERI 0 T R BSAR R ,
TEB T REIE XA 280 TR o BN | B S i AR R A
JriS NSRRI A B Z AR Z AL, EH N
DOLANABEE A, $2 10 T — LB g ke 1) 77 52 R g
SR, TORGURHLIR ib A — 2 51 Ho A 14 22 < 3h T 2
AL, LE BT XU 4R B R AR 55 i A fp itk — 28



PEAIRTSE., o
(3] JAET BRI, WL 8 07 2 BT AR 32 0 < sh S B0 B
PR S XU B B TSR [T ] 4R 3 TR 2 42,2002, (15) :327 -

S 23tk .
[1] Ma Rujin, Chen Xinzhong, Chen Airong. Aerostatic and flutter R N o . .
(4] Thanib. B F o Bl mide S BRI [ D], B A ¥,
response analysis of a long span cable — stayed bridge considering
2004

nonlinearity of stay cables[ A]. The 12" International Conference

on Wind Engineering (ICWE12)[ C]. Australia; Cairns, 2007
(2] Dok BRICAE, RS0, 8 K RHAL IR B3R 43 B 0L %t 2

FIREVETH SRS R A W[ )] UK 4 4R ,2005,33(5) 1580

[5] 3 K VL2 B% KOMF 32 B2 W07 1 = 7 0 80T IR IR R IR B = 0 A
PRI ST [ R] . LU R 9% K R TR By K 1R K o A 32 56
%2004

Aerodynamic problems of cable-stayed bridges
spanning over one thousand meters

Chen Airong, Ma Rujin, Wang Dalei
( Department of Bridge Engineering, College of Civil Engineering, Tongji University, Shanghai 200092 ,China)

[ Abstract] Aerodynamic problems of super long span cable-stayed bridge are investigated based on Sutong
Bridge. Dynamic properties, wind loading, identification of flutter derivatives based on full aeroelastic bridge mod—
el, longitudinal structural system and vortex excited vibration are mainly focused on. Researches show that vertical
stiffness will decrease with wind speed if the nonlinearity of deformation of stay cables under later wind loading is
considered. It is also found that Fixed¥ixed system is the most suitable for long span cable stayed bridge under lon—
gitudinal wind loading. Identification method of flutter derivatives through full aeroelastic bridge model is proposed.
In the end, some discussions on vortex excited vibration and Reynolds number effect are introduced.

[ Key words] Sutong cable-stayed bridge; dynamic properties; suitable system; Reynolds number effect;

flutter derivatives
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