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Table I  The long span suspension bridges ranked in the top ten in the world
ieXEs: g M %4 F 5/ m B3I PEL ) i 45 it e R AE
1 HH A U K AR 1991 i LR T/ 8 8 B H A 1998
2 Sl G TR A 1 650 Fitp 4 iR o 2008
3 PN N i 1 624 Fip s bR F R e 1998
4 HEE7 R TIN5 1 490 Fitp 4 Fét 52 B | 2005
5 EX PN 1410 iR P P e ] 1981
6 NN RSN 1385 Fip G pn [ 1999
7 S N 1377 #r 4 Hr 4 A, of [ A s 1997
8 IR (EiNT N 1298 i G pn 5 [ 1964
9 EANPN S 1280 M b b % |5 1937
10 B3 KT K B 1280 Fip G pn [ 2007
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Fig.1 Elevation of Runyang Bridge across Yangtze River( unit: m)
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Fig.2 Cross section of box girder of Runyang Bridge (unit: m)
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Table 2 Fundamental natural frequencies of suspension bridges with box girder

) 25 55 3% / Ha 1B 25 J5% / He A% A%/ Ha
W % 5 1% /m
o F SR i X B AT i X B SR R
7RSI i 1 490 0.048 9 0.122 9 0.124 1 0.088 4 0.230 8 0.269 8
KA KA 1 624 0.052 1 0.118 0 0.083 9 0.099 8 0.278 0 0.3830
PRI S N 1 650 0.048 4 0.108 6 0.100 0 0.079 1 0.2323 0.238 0
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15 m, 55— M Boik 56 g5 S0 % W, R 45 0 A RE i A2
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Table 3 Flutter critical speeds of Runyang Bridge
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Fig.3 Central stabilizer on the

deck of Runyang Bridge
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Fig.4 FElevation of Xihoumen Bridge in Zhoushan( unit: m)
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Table 4  Flutter critical speeds of Xihoumen

Bridge in Zhoushan

FR I SR/ (me s Bk

; L
R

/( me

-3° 0° +3°  ImAhE

s7)

LIt 50.7 46.2 48.7 46.2 8.4
1.2 m &k

o >89.3 >89.3 37.7 37.7  78.4
S AR 1 A g
BEAN 1.7 m AR

o 88.0  >89.3 43.4 43.4  78.4
S AR 1 A
B fE 2.2 m AR

o >89.3 >89.3 88.0 88.0 78.4
S AR I A
PRI 6 m B

o 88.4 >89.3 >89.3 88.4 78.4
109 RUA 3
PR IFAE 10.6 m

>89.3 >89.3 >89.3 >89.3 78.4
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Alternative schemes of box girders for Xihoumen Bridge in Zhoushan( unit: m)
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Fig.6 Dimensions of WS and NS cross sections (unit: m)
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Table 5 Flutter critical speeds of suspension bridge with a main span of 5 000 m
BN m /( 104 ke m’]) 1./ ( 107 kgmz' m_]) f,/Hz f,/Hz U,/(me s_])
P WS NS WS NS WS NS WS NS WS NS
1/8 6.01 6.79 5.28 2.37 0.059 55 0.059 36 0.070 90 0.090 73 82.9 74.7
1/9 6.27 7.43 5.36 3.22 0.061 26 0.061 15 0.072 07 0.089 28 88.8 77.4
1/10 6.73 8.33 5.92 3.29 0.062 19 0.062 04 0.072 68 0.086 53 90.9 78.9
1/11 7.66 9.52 6.77 3.62 0.062 37 0.062 19 0.072 69 0.084 03 98.9 82.7
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Table 6 The long span cable stayed bridges ranked in the top 10 in the world
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4 EZ2 PN 890 ELEi R IR 3 U1 5t/ B JE 2% H A 1999
5 C -3 N 856 A A 04 ] B 2/ BILJE B 2 [ 1995
6 IAHE AT K MR 816 PK 48 04 )] B 2/ BILJE B o 2011
7 AZ )1 g K 800 LK EUAE 3] LR WA SR i [ 2010
8 K R AR 730 iRk BRI 0B E 2%/ L 8% o 2009
9 BebESR i DN 708 Hi DA K ek + B JE o 2010
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Fig.7 Cross section of single box girder of Sutong Bridge across Yangtze River (unit: m)
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Fig.8 Cross section of twin box girder of Stonecutters Bridge in Hong Kong (‘unit: mm)
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Table 7 Fundamental natural frequencies and flutter critical speeds of cable stayed bridges

S ) ) ) B L 4 1l o R 5 AT
M % M2 B g /He SIS /Hz LIRS/ He N

/m (A B K /(e S_]) /( me s_l)
Ih I KT KA 1 088 0.104 0.196 0.565 2.88 88.4 71.6
SEANI PN 1018 0.090 0.184 0.505 2.74 140 79.0
L SN 926 0.153 0.235 0.548 2.33 81.0 58.6
EZEZ PN 890 0.078 0.139 0.497 3.58 80.0 61.0
2R K 856 0.151 0.222 0.500 2.25 78.0 58.3
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3.3 MR
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Fig.9 Cable vibration under dry

wind and wind and rain
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Fig. 10 Countermeasures for preventing from
rivulets to ease wind rain vibration

of stay cables
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Table 8 The long span arch bridges ranked in the top 10 in the world
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4 PN 504 W M7 e G G %[5 1931
5 YRR DN 503 4 H7 48 G G N R 1932
6 ARSI 460 WA G v i [E] 2005
7 IR ¥ PPN 428 4 #7 48 G P o [E 2008
8 YIRS SN 420 VR e 1 A G o | 2001
9 P i WK By 420 VR A A G P o [E 2008
10 1 FE R DU A 400 WA G G i [E] 2007
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Fig.11  General arrangement of Lupu Bridge in Shanghai ( unit: m)
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Fig. 12 Cross section of arch rib (unit: mm)
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229 Strouhal BRI NP0
Table 9 Strouhal number and

corresponding amplitude

N

Ui % HE U 41 T8 Strouhal %% 2,/ H
W& /%%

cS -1 Jii &5 4 0.156 0.028 —
cS-2 2 m iR 0.220 0.025 11
CS -3 2 mJRMR (K 0.137 0.034 —
CS -4 2 m KM (%) 0.137 0.032 —
CS-5 4 m I AR s A 0.137 0.032 —
CS -6 4 m JK A E R 0.156 0.017 39
CS-7 4 m SRR 0.175 0.023 18
CS -8 A 1 i AL 0.156 0.011 61

ez, AR B KRR H D K T e
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Fig. 14 Aeroelastic full bridge model

of Lupu Bridge in Shanghai
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Table 10 Comparison of 3D flutter analysis results with multi mode and full mode methods
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Table 12 Calculation results of reliability evaluation for bridge flutter instability
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Table 13  Calculation results of reliability evaluation

for bridge buffeting stiffness or strength failure
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Wind resistance challenges and fundamental

research on long span bridges

Xiang Haifan, Ge Yaojun

( Department of Bridge Engineering, College of Civil Engineering,
Tongji University, Shanghai 200092, China)

[ Abstract]

With the rapid development of long span bridges in China, this paper focused on some engineer -

ing projects related to wind resistance challenges on three types of long span bridges, including flutter instability

and control of suspension bridges, wind induced vibration of cable stayed bridges and control of wind #ain induced

cable vibration, vortex shedding vibration and control of arch bridges, and the refinements on aerodynamic flutter

20 hIE TR



and buffeting of super long span bridges. It can be concluded that the intrinsic limit of span length due to aerody -
namic stability is about 1 500 m for a traditional suspension bridge, and beyond or even approaching this limit, de -
signers should be prepared to improve aerodynamic stability. The long span cable stayed bridges with a 1 000 m
main span have high enough critical flutter speed, but the main aerodynamic concern is rain wind induced vibration
of long stay cables. Except one example of vortex induced vibration, long span arch bridges have no wind resist -
ance problems. The fundamental research on wind resistance of long span bridges was also introduced with the full -
mode flutter analysis method as 3D bridge flutter precise analysis, 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 bridge flutter evoluation process, generation mechanism and control
law.
[ Key words]  suspension bridge; cable stayed bridge; arch bridge; flutter instability; buffeting response;

vortex induced vibration; wind rain induced vibration
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The industrialization problems of electric vehicles in China

Guo Konghui

( College of Automotive Engineering, Jilin University, Changchun 130012, China)

[ Abstract] The characteristics and development situation of electric vehicles are briefly introduced. Large
specific weight and high specific price electric are characteristics of electric vehicles, and cost, life and weight are
the key points to the development of electric vehicles. Some unreasonable phenomea in electric car industry were
pointed out. It is proposed that developing small and efficient electric vehicles is the strategic choice of China’s au -
tomobile industry. Finally, the line of electric vehicles development is given: market guiding, supporting small and
helping large, taking low end as cut point, and diverse development.

[ Key words] electric vehicles; industrialization; strategic choice; development line
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