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Dynamic response of a coupled train-large span
bridge system under wave loading

LUO Hao',LIU Mougang' , YANG Tonglin' ,XU Chuyi', WANG Jianqun' , GUO Xiangrong®

(1. School of Civil Engineering, Hunan University of Science and Technology,411201 Xiangtan, China;
2. School of Civil Engineering, Central South University ,410075 Changsha, China)

Abstract ; In response to the issue of coupled effects in the vehicular-bridge system under wave loading,a
highway-railway sea-crossing cable-stayed bridge is taken as the research object. Based on the fifth-order
Stokes wave theory and Jonswap wave spectrum ,using Fluent software to establish a numerical wave flume
model in deep-water environments. The wave loads corresponding to wave heights with recurrence periods
of 5 years,20 years, 50 years and 100 years are calculated. Ansys and Simpack software were used for
combined simulation to analyze the dynamic response of vehicle-bridge coupling system under wave load.

The results show that the dynamic response of the axle coupling system gradually increases with the in-
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crease of vehicle speed and wave height parameters. Due to the influence of wheel-rail forces, there are

significant differences in the lateral displacement curve of a bridge under the combined action of waves and

trains compared to the displacement curve under wave action alone. The peak value of lateral displace-

ment at the midspan of a bridge does not occur when the train reaches the midspan position under different

operating conditions. It indicates that the influence of wave loads on the lateral displacement of the bridge

is predominant; each dynamic indicator of the train gradually increases as the wave height increases.

When the wave height reaches 8. 92 m or above and the train speed reaches 250 km/h, the train exhibits a

greater dynamic response , making it more susceptible to accidents.

Key words:wave loading; fifth-order Stokes wave; axle coupling; dynamic response; safety and comfort
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Fig. 3 Power spectral density at four wave heights
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2.4 ERSHKERE

ARG R FH B A 11 3 90 0 R AT 36 I8 %?
Fluent 3K, 3l 1 25 A 1130 5t Ak 15 7K o s 3 4k —
7J@F$ﬂﬁmEZﬁJﬁEU\&ﬁﬁﬂﬁ%ﬁﬁﬁJ’EHEﬁ
Pz sl A IR . 5 B Stokes JAH L, =7 B
Stokes %75 J& T i B AR LR AL, W] LA S AE A M
WAKPEI G MR R FH LB Stokes 1 1R A5
00, R A T AR AT R

W T TR A

Z%z/\"cosn(kx - wt) (5)

Horh a1 R K

A=A

A, =A°B,, + A'By,
Ay =A'By, + A7By

A, =A'B,,
A, =A°Bg,
IS5 ) 3 Sy

u, = cz nA,sinh nk(z + d) sin n(kx — wt) (6)
e[ TN
u, = CZ nA sinh nk(z + d) sinn(kx — wt) (7)

v L wjvleﬁK ke SR d DRI FADAS T &
S Wk 14]

TH PR SRR e iy skt AR
AR I TR KA 2 i O 8 O X 38 15 R — A5 D TR A %
J7 el AH R B sl B JER T R s KT BT . BHJE IE %
g RERAAN

8u+ ou 6u__i67p+ (M+au)—,u,u

—tu_—“+tv v 2 2
ot 0x 0z p ox 0x ay
v w 1 ap v
—tu_—+ —=g-—_—+v[ 5+ 5| -w
ot ox  dy p dy o’ Ay

(8)
Ko R IRAH XS 2 B 5 0 AP IR AL RE IS A] 5 w0 S
AR AL R 0 7K -5 1) | 18 g J ) 1) 2 RE O i p
RN TR AR BT R ST 5 g N EE I
RN ESIDAE Y V8
R B KR 3 8 5 T I Y TE R R T B TR
P AL 100, , TP i AL T R M e 4400 TR R
FHENETTAE S CFD BUE AT T XL, anl&l 5 fr
INo TR A 3 2, 0 55 i v Ak Y AT
27 s, PEIR M TEAG 3 | IR /K T 32 8 SRR 7E56 27 s
Ab R B3 AR, P LS wl T U R S AN TR
A s), BRI S BUE TR IR OB LS

— S
P — CFD)fH EPCiES

1 R Ep/m

0 10 2‘0 3I0 4‘0 5‘0 6I0
IF ] o/ s(H 2 NG 54155 mAd)
K5 DR BB T SES CFD BHBUEXT L
Fig.5 Comparison between of theoretical calculated values

and CFD simulated values of wave surface function

6 S AN TR 220 (8 YR A5 3 155 O, TR 22 L A
B R AT e DX 52 T8 ¥ 2% , 7 1 I DX R S 22
o IR R BRI F T — 2, R X
WEA RAFH DR

00 3 ARSI YR KA Hh S B TR 4 1 128 e )
BERIERIG , 23 iU, B3 4 Fp 00 R PR fir 2, i
SR R 5 DR A S AR Y B IR T, Ak 7 B
T o BFYE T 32 0RO T 3 3
I B 1] 52 A A A a3 s ) R B SR
JEV ST S 78 DA PSR g 32k 30 ) ) A AR

AR : hitps :// cjam. xjtu. edu. en  BUFART B J12% 254k



EORR

B A WERAT AR 9 42 AT A 5 2R 8 30 J vk LA 97

Fo5.72.9. 69 m I i 119 95 YR a7 2% 1% I TR T 430
T 23,39 s A EIEAE, 4 Fhk @ TR 7 4R AE
FHF 19 38 78 77 W {8 4331 R 3 290, 9 890, 12 600,
18 300 kN,

K6 AN[R]I 2 i A 8 P

Fig. 6 Wave transmission diagram at different moments

20X107F

1.26X10

15X10F = ° "
1.0X10'F
5.0X10°F

5

0

IR 1/N

2 —50X10°F

B

-1.0X10'f
-1.5X10"f

_2'0><107_ 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50 55 60
I ) /s

B 7 OR[EIEE T A e yR B

Fig. 7 Timehistory of lateral wave forces

at different wave heights

3 EIRIERATZE-H-HdaEE

3.1 EH-meEE

LB R AR — R NI A5 IR 45 5 A B
TEFH R BTRITS 4w A T H R B 530, A
WFFER A ZRMEBIE T , 91 - H R RGN SR 5 07 5
BAPBRANN . 5 SR Ansys 87 RHLF S
A FROTHR BB BT (3R 2) s ARG MR R AT
L5 3 A 6 I 22 ) P B s @ i Simpack HAYAT
BROTHE LR A AT S S A SO (. i) 5 e
U G S U T SO L o BEIRCELE 2 8OT
A JRPUTE R PR PR X P R SR VA GE iy e,
NG FVERPIE B IR E . E--m R
SO AN 8 Bz, B 8 R CRH2,
a2 BB, gmdIEAh 8 gidl, KITh Ll 3 4,
WO, PRIV — R R A2, 78 Simpack
AR TR T A BRI T YR 8 LA A Y T
MBI 55 BB AN R FH 28 4
FRL

®2 MRATER
Tab.2 Bridge unit types

L STve s3] AR AL
Beam188 FR R
Shell181 B i A
Link180 RHIER

N .
O T T R N R R R R R R R R R S e

ZbEHLE

Il Il
Il Il

/ Il Il

20%107
15X 107
1.0X10
50%10°
0
-5.0X10°
-1.0X10
—1.5X107
-2.0X107

0 5 10 1520 25 30 35 40 45 50 55 60
I [6l/s

PR

R IR AN

K8 PRk 3 4B - e sl g 2l AR Y

Fig. 8 Coupled train-track-bridge dynamics model under wave loading
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Fig. 10 Lateral dynamic response of mid-span under combined action of wave and train load
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