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Aerodynamic Investigation on Cable-stayed Bridge with 2-edge Girder
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This paper investigates aerodynamic countermeasures for cable-stayed bridges with 2-edge girder section.
Wind tunnel tests were conducted in order to confirm the performance of the new countermeasure by using the
essential attachments. Some structural countermeasures by increasing bridge rigidity were also investigated.
In this study, adding a horizontal member at the top of the tower is most effective for increasing the flutter
onset velocity. In conclusion, these aerodynamic countermeasures can be economical counter measures.
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Fig.1 Cable-stayed bridge for investigation
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Table 1 Properties of bridge section model

Prototype Model
Property (assum}:gj) (scale 1:50)
Width 22.0m 0.44m
Depth 2.0m 0.04m
Mass 25.23t/m 16.05kg/model
Inertia 1548t-m?/m 0.394kgm?/model
Damping( 6 ) — 0.020
Bending freq. 0.27Hz 2.10Hz
Torsional freq. 0.54Hz 4.20Hz
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(b) 2-edge box-shaped girder

Fig.2 Concept of new countermeasure
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Investigation on new countermeasure (2-edge box-shaped girder)
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Table 2 Properties of analytical model

. Shape 2-edge I-shaped girder
Outline -
Width 22m
Mass 23t/m
Mass A
. Moment of inetia 2400t-m?
Girder
Area 1.05m?
i Vertical 0.8m*
Stiffness -
Horizontal 160m*
Bending - Torsional 85mé
Out - Plane 11~20m*
Stiffness |In - Plane 6~8m*
Torsional 15~21m*
Tower

] Out - Plane 6m4 (U) ,11m4 (L) ™D

Horizontal In - Plane 5m4 (U) , 7m4 (L)

member
Torsional 8m* (U) , 15m* (L)

(Remarks) *1) U : Upper member L : Lower member

Horizontal member
at the top of the tower

Middle pier“"

(a) Installation of middle Pier

L
/{\‘//‘rowe}r\cable

(b) Tower cable system

(c) Adding horizontal member

Fig.5 Concept of structural countermeasures
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Table 3 Effectiveness of structural countermeasures

Analytical condition Frequency (Hz) Flutter The rate of increase
Girder Countermeasure s\;er;t.lizlt Esﬁolnsatl Ratio vglnoscei:y Esﬁolnsatl fizt:zr?gy Flutter
Nothing (basic) 0.2711 Hz | 0.4605 Hz 1.70 63 m/s 1.00 1.00 1.00
X= Ls/4 0.4041 Hz | 0.5246 Hz 1.30 66 m/s 1.14 0.76 1.05
Additional pier X=Ls/2 0.4014 Hz | 0.5317 Hz 1.32 66 m/s 1.15 0.78 1.05
I_Zs'ﬁggg f X=3Ls/4 | 0.3303 Hz | 0.4895 Hz | 1.48 64 mis 1.06 0.87 1.02
Adding horizontal member 0.2711 Hz | 0.5207 Hz 1.92 73 mis 1.13 1.13 1.16
Area 1 0.3230 Hz | 0.4934 Hz 1.53 65 m/s 1.07 0.90 1.03
Tower cable system
Area 109 | 0.4825 Hz | 0.5226 Hz 1.08 52 m/s 1.13 0.64 0.83
(Remarks) 1) Area 10 shows that the sectional area of tower cable is ten times as large as that of inclined cables
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