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Wind Tunnel Test on Shielding Effect of Arch Ribs for Irregular Bent Arch Bridges
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Abstract: Bent arch bridges are a kind of novel structural form, and the components for spatial rod structures
with densely arranged components exert significant shielding effects on wind load. By taking an irregular bent
arch with densely arranged arch rib components as the engineering background, wind tunnel tests of the
sectional model of two square arch ribs and two rectangular arch ribs with and without flanges were conducted
to obtain the influence of center distance on the aerodynamic drag and aerodynamic lift coefficient of arch ribs
within the wind direction angles of 0°—~90°. Meanwhile, the characteristics of the shielding effect of arch rib
components on wind load were analyzed. The results of wind tunnel tests show that the shielding effect of
windward arch ribs will significantly reduce the drag coefficient of leeward arch ribs. The smaller center-to-
center distance ratio leads to the smaller drag of leeward arch ribs. As the wind direction angle increases, the
shielding effect of windward arch ribs is weakened, with the shielding effect basically disappearing at the wind
direction angle of more than 30°. The influence of flanges on the aerodynamic drag of leeward arch ribs is
related to the center-to-center distance ratio and wind direction angle. In the wind direction angle of 0°-30°, the
flanges have almost no influence on the aerodynamic drag of leeward arch ribs. In the wind direction angle of
30°-90°, the flanges lead to difference in the aerodynamic drag of leeward arch ribs, with the difference related
to the center-to-center distance ratio.
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Figure 1 3D diagram of bent arch structure
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Figure 2 Design of rib and longitudinal bracing (unit: mm)
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Table 1 Geometric dimensions of box girders and

flange models
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Figure 3 Wind tunnel tests of two arch ribs
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Figure 4 Wind tunnel tests of the sectional model
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Table 2 Working conditions of wind tunnel tests of

the sectional model
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Figure 5 Aerodynamic force characteristics of leeward

square cylinders for tandem arrangement

Figure 6 Aerodynamic drag reduction coefficient of

leeward cylinders for tandem arrangement
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Figure 7 Variation of aerodynamic force on leeward cylinders with wind direction angles in test of

two square arch ribs with Y2 flange

2,51
201
B L
o4 1.5
=
= 1.0 ——G1YO0
—*—GlY1
0.5 —m—GlY2
0 1 1 1 1 ]
0 20 40 60 80 100
AT A1 /()

(a) el BELE 3

By 2 8

0 20 40 60 80 100
M £ /()
(c) A B EE 9

2.5
2.0
Ed
w15
= 1.0
0.5
O L L L L J
0 20 40 60 80 100
KL /(o)
(b) HrormEE e 5
ol
W&
=
=

0 20 20 60 80 100
K f/(°)
(d) o aliE H 14

8 TEWMEEENAHBMWSEHES

Figure 8 Aerodynamic drag of two square arch ribs with and without flanges
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Figure 9 Aerodynamic characteristics of leeward
rectangular cylinders for tandem arrangement
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Figure 10 Aerodynamic drag reduction coefficient of

leeward rectangular cylinders for tandem arrangement
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Figure 11 Variation of aerodynamic force of leeward

cylinders with Y1 flange with wind direction angles
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