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Aerodynamic Interference Effects on Flutter
and Vortex-excited Resonance of Bridges with
Twin-separate Parallel Box Decks
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Abstract: A case study was made of a preliminary design
alterative for the broadening engineering of the existent
single-tower cable-stayed bridge, Tanggu Haihe Bridge in
Tianjin, with a main span of 310 m. The aerodynamic

interference effects on flutter and vortex-excited resonance of
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cable-stayed bridges with twin-separate parallel box decks
were investigated via a series of wind tunnel tests of spring-
suspended sectional model. The results show that because of
the aerodynamic interference between the two adjacent
separate box decks, the flutter critical wind speeds of the twin-
separate box deck bridge drops evidently and the turning point
of the corresponding aerodynamic derivative curve from
descending to ascending is brought forward. Bridge flutter
stability declines due to the aerodynamic interference of this
type. Also, the maximal amplitudes of the vortex-excited
resonance of the twin-separate box deck bridge in both the
vertical and torsional directions increase due to the
aerodynamic interference. Correspondingly, the lock-in zone of
wind speed is widened,and the onset wind speed decreases. As
a result, the Strouhal numbers increase slightly. It is also
found that the aerodynamic interference effect between the
two adjacent separate box decks is more significant on the
flutter and vortex-excited resonance of the leeward deck than
on those of the windward deck. Therefore, it is necessary to
consider the aerodynamic interference effect when broadening

an existent bridge into a twin-separate parallel deck bridge.

Key words: bridge flutter; critical wind speed; aerodynamic

derivative; vortex-excited resonance; lock-in zone of

wind speed
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Fig.1 General layout of the broadening alternative with twin-separate parallel decks for Tanggu Haihe Bridge(unit: m)
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Tab.1 Basic parameters of prototype bridge
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single deck
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Fig.4 Sectional model of twin-

separate parallel decks

WEAT AT AVET AR ) — TR BB RIS 8 AR
o B AR XU L NPT 354 BT/ o 2 R ARG ] B
5L, AE BRI L O TR AT BE M AR AT Bk
iy 5 XU e R AL/ N DTS B & 309 P i I 2
AR/ ABAE i LR R - i IR A A KA
X IR I S KA B A 22 DRI O 1 3 e KU ) 2
B i TR IR 10 5K 1 KU B D 174
S W B R 1 . R ) DL I A R
5HL S ) TS 22T PR AR i B O SRS A R 8 34, i
B E T AU IE ST A AR D FE AP 5 R 3°
DRI A 114 0 000 SR P Jon o J3E A2 e A0 1 B
T 18 RUHR WA RE. A 1 A9F 7“8l T PR X HE X
60 R S5 91 A8 2 P R e I P B )2 W 3 ML O
SFEAT T BRI FIOSUSE 5 W0 45 IR 25T 19105
Forb XU P RS b R XU A 2 A
R ) 7 0 AT G O S RN 3% 2 s

B 5 3R AT IEHHA I 5 B AR B
Fig.5 Sectional model of twin-separate par-
allel decks at 3° wind attack angle

®2 TREEARSHY

Tab.2 Parameters of sectional model

I HERDIRAS F,/Hz §./% fi/Hz &1/% R E e=Fi/ fy
MR 2.796 0.292 8.109 0.716 6.847 2.900
BRI R AR 2.795 0.310 8.152 0.859 6.810 2.916
TR 2.801 0.299 8.106 0.783 6.849 2.894
B 6.249 0.142 18.012 0.110 3.082 2.882
AR AR 6.251 0.174 17.989 0.105 3.102 2.878
TR 6.251 0.152 18.097 0.117 3.068 2.895
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Tab.3 Comparison of flutter critical wind speed

at various attack angles

BEORDIRAS Mg () BB/ (mes™h) SHFE/(mes™D
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-3 =20 >136.9
+3 13.0 87.8
R 0 19.1 130.1
-3 22.7+ 154.6*
+3 12.7 87.0
A 0 17.3 118.5
-3 20.6* 141.1*
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Fig.6 Variation of the damping ratio at various attack angles
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