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Analysis of Train Safety Under Crosswind Effects
at Higher Speeds on Bridges
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Abstract: In order to reveal the safety mechanism of higher speed trains on the bridge under crosswind, a high-
speed train-bridge aerodynamic model was established using CFD software to calculate the aecrodynamic loads
on the train and bridge based on fluid dynamics and vehicle dynamics theories. Using the co-simulation technolo-
gy of multibody dynamics software UM and finite element analysis software Ansys, a high-speed train-track-
bridge system dynamic model was developed. The aerodynamic loads on the train and bridge were applied as ex-
ternal excitations and input into the train-track-bridge system dynamics model to simulate the entire operational
process of high-speed trains on bridges under crosswind conditions. The study analyzed the impact of wind speed
and train speed on the operational safety of higher-speed trains. The results show that under crosswind condi-
tions, the lateral displacement of the train body, lateral wheelset force, vertical wheel-rail force, derailment coeffi-

cient, wheel load reduction rate, and lateral displacement at the mid-span of the bridge all increase significantly
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compared to no-wind conditions. When the wind speed is slower than12 m/s and the train speed is 350~400 km/
h, the safety indicators for train operation remain relatively low, and the lateral displacement at the bridge mid-
span shows moderate variation. When the wind speed is fast er than 15 m/s and the train speed is between 350~
420 km/h, the safety indicators of the train increase sharply, especially for trains traveling at speeds above 400
km/h, where the lateral interaction between the wheel and rail becomes more pronounced, resulting in an expo-
nential increase in the lateral displacement at the bridge mid-span. The above research results can provide a theo-

retical basis and basic data for ensuring the running safety of high-speed trains on bridges under the influence of

crosswinds.
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Tab.1 The impact of grid size on calculation results

Do A5 25 A MEE R T AN TN
FHA% 1 000 41.95 19.48

SEH A 1800 42.69 19.02
R 2500 42.03 19.73
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Fig.2 Grid division diagram
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Tab.2 Comparison of numerical validation and wind
tunnel test results *Eﬂ
S KA =3
U i 0.145 0.114 m%*lﬂﬁﬂﬁﬂi?ﬁffiml_ T3 AT
Bl e 0.139 0.112 P 114 2 T 97 - - B Bl ) 2 A
xRk 4.14% 5.88% Xt 4Bl 2448, L CRA00-AF 2R3 A 4]

R3 EWS|HHETIHELER

Tab.3 Calculation results of vehicle aerodynamic loads

V/km/h Vv, /m/s F_ /KN F,/kN F /kN M /(kN-m) M, /(kN-m) M,/(kN-m )
8 -10.199 21.529 1.688 -16.668 122.184 -109.308
10 -10.016 27.823 5.735 -21.226 141.005 -137.964
350 12 -9.711 33.809 11.243 -24.718 160.210 -161.837
15 -9.211 42.694 19.020 -30.604 193.806 -192.526
17 -8.098 48.704 25.857 -34.806 225.035 -209.333
8 -12.071 23.179 1.384 -18.139 119.280 -119.280
10 -11.929 29.987 4.998 -22.951 151.625 -151.625
380 12 -11.402 36.785 10.733 -27.294 177.452 -177.452
15 -11.108 46.107 19.187 -33.168 215.849 -215.849
17 -10.887 52.691 25.865 -37.698 242215 -236.345
8 -13.298 24.950 1.250 -19.738 147.393 -126.769
10 -13.112 31.437 4.105 -24.323 166.958 -157.733
400 12 -12.986 38.765 10.284 -29.244 191.671 -186.112
15 -12.176 49218 18.267 -34.674 228.512 -221.298
17 -11.723 55.254 24.443 -40.122 254.734 -244.157
8 -15.678 27.334 0.975 -21.386 152.344 -134.543
10 -15.417 33.482 3.346 -26.109 184.902 -169.685
430 12 -15.117 40.955 8.605 -31.299 212.487 -203.901
15 -14.728 52.028 18.570 -38.398 252.666 -247.518
17 ~14.384 60.569 24.744 -43.220 267.223 -272.861

3 BEIIE-HIE-HRE S FER
Fig.3 Dynamic model of high-speed train-track-bridge
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Tab.5 Parameters of the track-bridge model
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Fig.4 Crosswind loading mode
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Fig. 7 Time history curve of wheel-rail vertical force
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3.2 BERUERAMH EESEREIEITEREHNZMm

W/ e 2 LA BT 90 1l S =BT I K Y 7
S, THE R R 350,380,400 ,430 km/h,
K Hy 8.10.12.15.17 m/s, FHEAGR T 4-8-K5
RGN PRI SR AR ) ) R
T[] J7 FEH AR R B R R 6 5%
P Fe KA, B XU | 42 28 Ak T 1B 11~ & 15
Fim o

A1 11 200, 4238 350~430 km/h I, 585l 1]
7 it R 9 3 K B S R 2 ZE /N T 400 km/h
B, [ — KT, ZE ORI ) ) s s/, AR
A AL AN 55 24 425 430 k/h 4% XU T 2 b s
[ 3 B, T HXGH 17 my/s s 0 8 b s 1) 4

[9%)
(=]

—_— = NN
wm O W
T T T

R 1) F1/kN
(=]

S W
T

350 380 400 430
%3/ (km/h)

B i m R A A KR A 24
Fig. 11 Changes in lateral force on the axle with vehicle
speed and wind speed
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