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Research on Global and Local Vibration of LLong-span Cable-stayed
Bridge Induced by Passing Train Based on Fine
Finite Element Method

ZHU Zhihui"*", XU Zhiwei' , CHENG Yuying' , WANG Lidong' , CAI Chengbiao’

(1.School of Civil Engineering,Central South University,Changsha 410075,China; 2.National Engineering
Laboratory for High Speed Railway Construction,Central South University,Changsha 410075,China;3.State Key

Laboratory of Traction Power, Southwest Jiaotong University,Chengdu 610031, China)

Abstract; To investigate the global and local dynamic response of plate-truss composite structure (i.e.,
cable-stayed bridge induced by train-bridge coupling vibration) ,a numerical approach was presented based
on train-bridge coupled dynamics. A coupled train-bridge system model composed of a 3D vehicle model
with 31 degrees of freedom,a 3D fine bridge model established by the direct stiffness method, and an as-
sumed wheel-rail spatial contact relationship based on the Hertz nonlinear contact model and nonlinear

creep force model were developed. The self-developed software TRBF-DYNA was applied to analyze the
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dynamic responses,such as acceleration, displacements and stresses. The Dongting Lake three tower cable-
stayed bridge with a main span of 406 m in Jingyue railway line was taken as an example. The global and
local dynamic response of the bridge, variations of running safety, and ride comfort index were discussed
under different routes, speeds and track irregularities conditions. The results show that the local dynamic
response of orthotropic steel bridge deck is much larger than the response of steel truss girder. Dynamic
coefficient of large-span cable-stayed bridge is small,and the influence of the speeds and track irregularity
on dynamic coefficient of large-span cable-stayed bridge is insignificant. The lower chord and web members
of steel truss girder are in high cycle fatigue stress state, which should be paid more attention in the study

of their fatigue properties. Further, the dynamic response of bridge, running safety indexes and ride comfort

index satisfy the code requirements under the designed running speed.

Key words: train-bridge coupled vibration; railway cable-stayed bridge; finite element method; wheel-

rail contact; dynamic response
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Fig.1 The flow chart of co-simulation based on

finite element software and self-developed software
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Fig.2 The layout drawing of cable-stayed
bridge (unit:m)
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Fig.5 Comparison of static calculation

results of two methods
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midpoint of third span under train speed of 160 km/h
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Tab.2 The maximum dynamic responses of the third span of the cable-stayed bridge
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Fig.7 The time history curves of displacement of
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Tab.3 Summary of dynamic response of train

O i ( ﬁ%ﬁi%iﬂ WERAT T
1 2 3 1 5 6 7 8 9 10 11
Jii e 2 %k 0.06 0.07 0.09 0.10 0.11 0.12 0.13 0.14 0.06 0.08 0.11
WERE 0.30 0.35 0.4 0.46 0.52 0.55 0.58 0.61 0.46 0.51 0.58
B1i A /kN 5.7 6.3 6.6 7.7 8.5 8.9 9.4 10.0 5.7 8.9 9.4

A BEFEINEEEE/(em » s72) 20,5 21.9 22.1 21.8
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[ Sperling 8#5 1.01 1.03 1.07 1.15
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- TS, S 0.09 009 010 010
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HiZe REEANHEEE/ (em « s72) 22,9 25.3 25.9 27.5
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37 42.4 47.5 51.4 21.1 33.3 40.7

1.26 1.29 1.23 1.19 0.94 1.16 1.28
1.22 1.25 1.26 1.29 0.99 1.26 1.26
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H# 3 AIAEH
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Fig.11 The time history curves of wheel-rail force characteristics under train speed of 160 km/h



1

ARG TR FROTIE 1 2 BORES B RH & 1 K SR iR IR s 7 17

FIERF LR A5 0 B 2 LB REALAS T 5 S Y
B HHE Z 8] BEE BUBh T3ROS R A AR | 1 A
R LRSI A% T A E. E 11D
~OFE 11 gy T R PR R 7 R 2 AT
TP BB 1) g 22 18] 9 LA 5 A BORIAR 62 £ LA
LA SRR R 345 T AR 2 B R R] DU
R R Z 6y A AR AR A R A IR R
INESYE IR U 1) 16 J1 8/ 18] 11 (o) A oG
PEAR Y 2 T 2 1 T A T 2 B T A
J7 R 15 GE A I AT 5 7 11 Ch) FrAr [l Y

4.8 KEEWMRUBSNERFIRMX R

SRy Xof E AL AN S XS A 2 4 2 57 B 1) 5 il A1
B2 4 W T EEL T LA 12) i E T
CTAE 13) DS 28 B A9 (T 14) 3 Fp s A1
AT S 50 225 RS A7 S 5 v 8% B KL AR 4
] L 0T R R T R R A S O A R s
AR R0 A B 25 25 BRph O S A 2 s 1 7% B
HBh 7 B W A] AR Tt A 2k A T

F4 REHEREINTHRESLBE AR

Tab.4 Comparison of maxiumum of displacements at midpoint of bridge under different track irregularities level mm
2 6 R
T 51 B 52 RS 5 3 BB 5% 1 s 5 2 EEsh 5 3 s
L Gk Fetfi £t Fitfi £tz Zetfi fitfi Fetfi £t i) fitfi
12 5.3 7.2 10.1 11.3 77.2 86.9 1.6 0.17 3 0.23 8.5 0.72
13 5.3 7.2 10.1 11.3 77.2 86.8 1.6 0.25 3 0.3 8.5 0.77
14 5.3 7.2 10.1 11.3 77.2 86.9 1.6 0.26 3 0.31 8.6 0.79
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