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Numerical Simulation Analysis of the Dynamic Loads Distribution
in Subgrade of Metro Depots
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(1. Zhengzhou Metro Group Co., Ltd., Zhengzhou 450047; 2. School of Civil Engineering, Beijing Jiaotong University,

Beijing 100044; 3. Beijing Urban Construction Design & Development Group Co., Ltd., Beijing 100037)

Abstract: The design standards for the roadbed structure of the metro depot have not been clearly defined in the Metro design

specification (2013),” and the current practice of using the main line standard results in high and unreasonable costs. This

study relies on the Zhengzhou Metro Tieluxi Depot project to conduct a numerical simulation analysis of dynamic loads under
different subgrade structures and to study the variation law of the dynamic load distribution. The dynamic load generated by
the ballastless track at the same train speed was smaller than that generated by the ballasted track. An increase in the thickness

of the subgrade surface layer has a more substantial impact on reducing the dynamic load generated by the train operation.

However, an excessively thick foundation increases roadbed stiffness, which is not conducive to stress dissipation. Hence,
when the foundation thickness increases to a certain extent, the effect of reducing the dynamic loads gradually becomes less
significant. The numerical simulation results show that the design scheme of the metro depot subgrade can appropriately adjust

the parameters on the basis of “0.3 m+0.9 m” and “0.4 m+0.7 m”, ensuring that the dynamic and static stress ratio of the subgrade

is strictly less than 0.2, attaining the best level of safety and economy.
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Figure 1 Subgrade structure and measuring point layout
AR A BT A Midas GTS NX MEAT k4
itHEHT, BRI RS LA PSR ANH]
B IR S RIS I IS AT 0L T, B HER 514 48l i)
Wi MEARFE o SREAS TRERE SO — SR A, AR JA %ok



HE R TR BT T FE A 5 B AN 5 BT

PRt AL — & KRR 23 1o TN Te s, R R
ER X A& FRTCZ TR o B BRAS i n 2t i 3
W HSRIFIZ RTINS . ARTBAE, W FEA 507
FERUA A A TR B R RCREA T E, B8Rk AR
PR B R DL, ] 2 BEATRR v,

i i hiks
| 13t i

K2 MR BUH IR R
Figure 2 Metro depot roadbed diagram
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Table 1 Simulation of working conditions
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Figure 3 Model of computational finite field for
train moving load analysis
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Table 2 Corrected dynamic load peak kPa

R JE/m 2 km/h 10 km/h 20 km/h 30 km/h 40 km/h 50 km/h 60 km/h 70 km/h 80 km/h
0 38.71 38.71 38.71 40.65 40.65 42.59 42.59 44.53 44.53
0.3 28.35 28.35 28.35 29.77 29.77 31.19 34.03 35.45 3545
0.6 21.01 21.01 21.01 22.62 24.23 24.23 25.84 27.45 29.06
0.9 14.74 14.74 16.49 16.49 18.24 19.99 21.74 23.49 25.24
1.2 9.48 9.48 11.11 12.74 16.00 17.63 17.63 19.26 20.89
1.5 6.13 7.75 9.37 10.99 12.61 14.23 15.85 17.47 19.09
1.8 3.68 5.33 6.98 8.63 10.28 13.58 15.23 16.88 18.53
2.1 3.52 3.52 5.16 6.80 8.44 10.08 11.72 15.00 16.64
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Figure 7 The law of change of dynamic and static loads
inside each roadbed
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Figure 8 Correlation between train speed and dynamic
load for each bed type
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Table 3 The ratio of maximum dynamic and static stresses in
the soil at the bottom of the bed for each working condition
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