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Analysis on Aerostatic Wind Effect of Cable—stayed Bridges Considering
Cable—girder Anchorage Eccentricity
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Abstract: Current wind-resistant design specifications for long—span cable—supported bridges adopt single—
girder, twin—girder, and triple—girder models to analyze wind—induced responses. These models typically assume
that the cable anchor points align horizontally with the bridge deck s torsional center, ignoring the additional torque
induced by cable anchorage eccentricity. This study underscores the importance of incorporating cable-girder
anchorage eccentricity to accurately estimate wind—induced deformation in long—span cable—stayed bridges. First,
based on the deformation compatibility between anchorage components and the elastic deformation of stay cables, a

simplified calculation method for cable anchorage eccentricity is established. Then, a revised analytical framework
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was developed to calculate nonlinear torsional deformation, fully accounting for cable—girder anchorage eccentricity.

A numerical case study on the Sutong Yangtze River Highway Bridge indicates that the additional torque by cable—

girder anchorage eccentricity exceeds 20% of the aerostatic torque derived from the bridge deck ’s aerostatic torsional

coefficient. When the anchorage eccentricity is taken into account, the mid—span torsional deformation of the main

girder increased by 67.7% and 26.7% at wind attack angle of 0° and 3°,

respectively, while the critical onset

velocity of aerostatic instability decreases by 6.3% and 3.0%, respectively. This increased torsional deformation

further alters the additional wind angle of attack effect on the main girder.

Key words: cable stayed bridge; cable—girder anchorage zone; additional angle of attack; aerostatic wind

effect; torsional deformation of bridge deck ; nonlinear aerostatic instability
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Tab.1 Comparison of eccentricity calculation results for

anchor—plate type cable—girder anchorage structure
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A8 206.41 4.21 4.20 -0.2
Al18 336.51 441 438 -0.7
A24 420.43 4.72 4.68 -0.8
A28 466.34 4.86 4.82 -0.8
A34 536.37 4.70 4.65 -1.0
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Tab.2 Comparison of eccentricity calculation results for

steel—pipe type cable—girder anchorage structure
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Tab.3 Calculation results of the stay cables lateral

stiffness by the proposed iteration method

MEEE Lm . Raikpr Sy RN K/
T,/kN (kN-em™)
A8 20562  18.008  3071.45 12.54
Al8 336.03  18.008  4649.05 12.96
A24 420.04  18.008  4559.85 10.68
A28 465.99  18.008 4 986.21 10.89
A34 536.07  18.008  7078.45 14.17

SERPI(12) BN IRACA S AE T TR E
(CRE NPT N W R VA T L) SRS Bui
A (5) sz (7) IR S O R O e, g — 2R 5
PR Ko, MK ARAT(S) |, SRATAR L A i 5 i O
Eo M Eq, FEWLFE 5. i1 3% 5 Al 1, B OO B A 12 22
T8 2% VA, 336 2 PR DAy il 7 Al o s o - A o [ A 1
(R 1) PO J3E EE AR 2R K, il A i B S 7 3 T 2 1
AR, DRI, 7R SE BRIV T, AR A g 5
RN HOR R K.

x4 PHREQRETEERITLL

Tab.4 Comparison of lateral stiffness calculation results of stay cables
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A18 336.51 13.76 13.20 12.96 -4.1% -5.8%
A24 420.43 11.78 11.02 10.68 -6.5% -9.3%
A28 466.34 12.26 11.34 10.89 =7.5% -11.2%
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Tab.5 Influence of calculation method of lateral stiffness of stay cables on anchor eccentricity
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Tab.6 Section properties of the closed—box girder of

Sutong Yangtze River Highway Bridge
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