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Safety of Metro Train Operation on Nanjing
Dashengguan Yangtze River Bridge under
Combined Wind-Rain Action

WANG Hao, SI Tianwen, ZHENG Shixiong, MA
Shun, ZHOU Yungiang

Abstract To reduce the combined impact of wind-rain action
on the safety of urban rail transit operation on long-span bridg-
es, taking the metro carrying section of Nanjing Dashengguan
Yangtze River Bridge as an example, a mathematical model for
calculating train overturning under crosswind action is estab-
lished, and the train operation safety under wind-rain action is
studied. Results show that compared to running on the wind-
ward side, the critical train overturning wind speed ( hereafter ’
critical speed’ for short) is higher when train is running on the
leeward side; compared to the scenario of strong wind only,
the critical speed on either the windward or the leeward sides is
lower under wind-rain action, while the reduction on the lee-
ward side is more significant; adding bridge ancillary facilities

under action of only strong wind reduces the critical speed, and

under combined wind-rain action, the impact of adding bridge
ancillary facilities on critical speed is less; the critical speed
does not change much when train runs on side-span and mid-
span under wind-rain action; the increase of rainfall intensity
has little effect on the reduction of the critical speed. There-
fore, it can be derived that wind speed is the main factor af-
fecting train operation safety under combined wind-rain action.
Key words metro; train; operation safety; bridge; wind-
rain action
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Fig.1 General layout diagram of Nanjing Dashengguan Yan-

gtze River Bridge metro carrying section main bridge
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Fig.2 Diagram of vehicle body stress analysis
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Fig.3 Diagram of bridge side-span train arrangement
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Fig.4 Diagram of bridge mid-span train arrangement
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Tab.1 Aerodynamic coefficients of Lanxin Line at

different train speeds in the report

%3/ (km/h) C, C, C,.
0 1.336 0.062 1.005

100 1.406 0. 066 1.062

150 1.432 0.073 1.102
200 1.512 0.078 1. 164
250 1.597 0.081 1.223
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Fig.5 Fitting diagram of the relationship between lateral force

coefficient and vehicle speed
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Fig. 6  Fitting diagram of the relationship between lift force

coefficient and vehicle speed
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Fig.7 Fitting diagram of the relationship between overturning

moment coefficient and vehicle speed
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Tab.2 Fitting values of polynomial coefficients
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Tab.3 Critical overturning wind speed of a train
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Tab.4 Standard of rainfall intensity

WiH 24 h R R/ 24 h SRR R/ 4
mm (mm/h) (mm/h)
NG 0.1~10 0.004 2 ~0.420 0 <2.5
g 10 ~25 0.4200~1.040 0 >2.5~8.0
K 25 ~50 1.040 0 ~2.080 0 >8.0~16.0
=3} 50 ~ 100 2.080 0 ~4. 170 0 >16.0
PN ] 100 ~200 4.170 0 ~8.330 0 >16.0
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Tab.5 Records of maximum 1 min rainfall intensity
in China from 1975 to 1984
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Tab.6 Ratio of raindrop end horizontal velocity to

horizontal wind speed at height of 2. 6 m
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Tab.7 Coefficient of wind-driven rainfall intensity
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Tab.8 Wind-driven rainfall intensity at 10 m/s

wind speed
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Tab.9 Critical overturning wind speed of train under
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