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Development of Slender Aerodynamic Girder for Suspension Bridges
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Abstract

This study intends to develop an aerodynamic girder for suspension bridge with width corresponding to 1/70 of the main
span length. In the first step of present study, parametric study for the effects of major structural properties on aerodynamic sta-
bility of bridges was performed. The span length and natural frequency of bridges were found to be free from girder width,
girder height, and aspect ratio of width to height. The empirical equation according to confidence interval was proposed to esti-
mate the natural frequencies of bridges from span length. From the sensitivity analysis, it was revealed that the torsional fre-
quency was dominant parameter among various structural properties that affected flutter velocity mostly. The final aerodynamic bridge
section which satisfied the flutter criteria was found from section wind tunnel tests for 30 cross sectional models. The aero-
dynamic stability of the developed cross section was verified by multimode flutter analysis. The present economical cross sec-
tion can be used for long span suspension bridge.

Keywords : suspension bridge, aerodynamic stability, flutter, aspect ratio
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3 Great Belt  |Denmark| 1624 31.0 44
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6 Humber UK 1410 22.0 4.5
7 Jiangyin China 1385 325 3.0
8 Tsingma China 1377 41.0 7.6
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13 Kurushima-2 Japan 1020 323 43
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5 B. 3B siMoll ARZE FEZE 1111 m 8i1ie| RE SYX|

Mode # Frequency Generalized Modal integral coefficient Dominant
(Hz) inertia Gpp G Gouu mode

1 0.0608 4.58E+03 514.9 0.0 0.0 LS

2 0.0991 6.11E+03 0.0 542.8 0.0 VA
3 0.1355 2.82E+03 0.0 304.5 0.0 VS

4 0.1371 4.22E+03 535.1 0.0 0.0 LA
5 0.1740 4.73E+03 0.0 498.2 0.0 \B

6 0.2130 9.38E+02 0.0 0.4 0.0 long
7 0.2200 5.96E+03 0.0 616.6 0.0 VA
8 0.2226 4.93E+03 0.0 405.9 0.0 \E

9 0.2275 5.22E+03 579.1 0.0 0.0 LS
10 0.2442 2.51E+03 577 0.0 0.0 cable
11 0.2473 1.93E+03 11.2 0.0 0.0 cable
12 0.2682 5.47E+03 0.0 565.4 0.0 \E
13 0.2730 3.20E+03 163.6 0.0 0.0 cable
14 0.2843 9.09E+02 0.0 0.0 0.0 cable
15 0.2844 9.09E+02 0.0 0.0 0.0 cable
16 0.2983 6.30E+03 0.0 653.0 0.0 \E
17 0.3049 1.25E+03 10.7 0.0 0.0 cable
18 0.3129 1.29E+03 152 0.0 0.0 cable
19 0.3130 1.05E+04 0.0 116.1 0.0 tower
20 0.3143 9.57E+03 0.0 343 0.0 tower
21 0.3474 4.45E+03 0.0 463.5 0.0 VA
22 0.3599 3.85E+02 0.0 0.0 0.0 cable
23 0.3600 3.83E+02 0.0 0.0 0.0 cable
24 0.3620 1.27E+03 87.3 0.0 0.0 L(side)
25 0.3796 5.03E+02 1.9 0.0 0.0 L(side)
26 0.3834 8.25E+02 40.2 0.0 0.0 L(side)
27 0.4054 1.54E+04 0.0 590.5 0.0 VA
28 0.4113 6.87E+02 0.0 0.2 0.0 -
29 0.4190 4.82E+03 0.0 528.9 0.0 \E
30 0.4344 3.20E+03 327.0 0.0 0.6 LA
31 0.4439 3.80E+03 39.7 0.0 14.7 TS
32 0.4948 9.26E+02 0.0 0.0 0.0 cable
33 0.4952 9.25E+02 0.0 0.0 0.0 cable
34 0.4978 4.08E+03 0.0 424.7 0.0 VA
35 0.5020 9.20E+02 10.9 0.0 0.0 cable
36 0.5069 2.38E+03 0.0 2383 0.0 VA
37 0.5092 9.30E+02 17.5 0.0 0.1 cable
38 0.5207 1.61E+03 0.0 164.2 0.0 V(side)
39 0.5227 2.16E+03 205.6 0.0 0.0 L(side)
40 0.5750 5.04E+03 0.0 556.9 0.0 \E

*VS : Vertical Symm., VA : Vertical Anti-symm., LS : Lateral Symm., LA : Lateral Anti-symm., long : longitudinal, side : side span
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