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Comparison of wind-vehicle-bridge coupling vibration characteristics for

three-line three-tower suspension bridge

LI Yong-le, XU Xin-yu, YAN Nai-jie, DENG Jiang-tao, XIANG Huo-yue
(School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: Taking the two design schemes (steel-box-truss and steel-truss schemes) of a three-line
three-tower suspension bridge as the research object, the three-component coefficients of forces
for vehicle and bridge were obtained by the wind tunnel tests of vehicle-bridge system section
model. Based on the spatial dynamics model of wind-vehicle-bridge(WVB) system, the dynamic
characteristics of bridge and the coupling vibration characteristics of WVB system were analyzed
by using the self-developed software BANSYS. Analysis result indicates that the natural
frequencies of three-line three-tower suspension bridge are comparatively low. The aerodynamic
characteristics of vehicle were greatly affected by track position, and the drag coefficient of
windward vehicle for the steel-truss scheme is about 2. 2 times that for the steel-box-truss
scheme. When wind speed is 0, the dynamic responses of bridge and vehicle increase with the
increase of vehicle speed. The displacements of bridge for the steel-truss scheme are bigger than
those for the steel-box-truss scheme at the same vehicle speed, which is resulted from the weaker

whole stiffness for the steel-truss scheme. When wind speed is considered, the lateral responses
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of bridge greatly increase with wind speed increasing. When vehicle is running on the windward

side and wind speed increases from 15 m » s~ ! to 25 m » s ', the lateral displacements of bridge
for the steel-box-truss and steel-truss schemes enlarge to approximate 2.4 times and 3.8 times
respectively, and crosswind is dominant to the lateral responses of bridge. On the whole, the
bridge responses for the steel-truss scheme are larger than those for the steel-box-truss scheme
under the same wind speed. As for the same scheme, vehicle responses increase with wind speed
increasing. When wind speed reaches 25 m ¢ s™', the dynamic responses remarkably increase,
and the maximum response index increases by 71. 6% compared with that at the wind speed of
'. 4 tabs, 18 figs, 22 refs.

WVB system;
suspension bridge; different section form; wind load
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Fig. 3 Cross-section of stiffening girder for steel-truss scheme
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Fig.5 Finite element model of bridge
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Tab. 3 Bridge responses at different vehicle speeds

UES LR EY TS LTS
% /(km+ h™ 1) 100 150 200 250 100 150 200 250
53] 205.13 214.52 237.95 250.51 246. 46 265. 38 297. 36 306. 15
T AL/ mm
B 17) 0.89 0.72 0.97 0.92 7.31 6.72 7.17 7.14
EEE g/ | Bm 0.021 0.037 0.064 0.083 0.070 0.538 0.310 0.374
(m+s %) 1 17) 0.020 0.043 0.054 0.070 0.014 0. 030 0.033 0.032
KRR [ 47 £ /10 3 rad 0.161 0.164 0.161 0.157 0.433 0.511 0.537 0.520
0.20 -
—— PR R o~
—— WM E o
& 016 &
& B
i #
= o
=~ 0.12| =
4 E
[ 2
0.08 . L ) 0.2 L 1 )
100 150 200 250 100 150 200 250
% #/(km * h™) ZE#/(km * h™)

B9 AN 7R B 08 R AL

Fig. 9 Overturning coefficients at different vehicle speeds
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Fig. 10 Derailment coefficients at different vehicle speeds

0.24

0.08 1 1 ]
100 150 200 250

ZE3%/(km * h™)

BTL R A B4 TR

Fig. 11  Wheel unloading rates at different vehicle speeds
3G R 2 07 28 19 22 30 ) o 12 0 J 42 4 1k 5 7 o
PEEOR UL 30 A A e AT vE . i R b

Bl 12 ASIR] AT i 15 1 ol

Fig. 12 Vertical accelerations at different vehicle speeds
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Fig. 13 Lateral accelerations at different vehicle speeds
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Tab. 4 Bridge responses at different wind speeds
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Fig. 14  Overturning coefficients at different wind speeds
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BEAT W U . AR SR A 1 i 7 i XU 11 36 KT S
GRS A T R B A AR AT T 5 AN A T
FRAENGHE N 25 mo« s IR A SR AR 1) 12 8% HE XU R
15 m e s "I R L 2.4 A5 3.8 A X
Xt AR % A 1) o 7 A A P 87 O PR T S A

P17 AN TR]RGHET f 15 1 sk

Fig. 17 Vertical accelerations at different wind speeds
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Fig. 18 Lateral accelerations at different wind speeds
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