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Dynamic Change of Stresses in Subsoil under Concrete
Slab Track Subjected to Increasing Train Speeds
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Abstract

Societal interest on a faster transportation demands an increase of the train speed exceeding current operation speed
of 350 km/h. To trace the pattern of variations in displacements and subsoil stresses in the concrete slab track system,
finite element simulations were conducted. For a simple track-vehicle modeling, a mass-point system representing the
moving train load was developed. Dynamic responses with various train speeds from 100 to 700 km/h were investigated.
As train speeds increase the displacement at rail and subsoil increases nonlinearly, whereas significant dynamic
amplification at the critical velocity has not been found. At low train speed, the velocity of elastic wave carrying elastic
energy is faster than the train speed. At high train speed exceeding 400 km/h, however, the train speed is approximately
identical to the elastic wave velocity. Nonlinearity in the stress history in subsoil is amplified with increasing train speeds,

which may cause significant plastic strains in path-dependent subsoil materials.
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Table 1. Material Properties for simulations

Component Mass Density (ton/m°) Stiffness” Poisson’s ratio, v Thickness Damping Coefficients

, E = 210 GPa «=30.81

Rai 7.8 | = 3,055 cm* 0.3 B=5x10"°
Sleeper 2.3 E = 29.1 GPa 0.2 20 cm
TCL 2.3 E = 34.0 Gpa 0.2 24 cm

— «=0.369

HSB 2.3 E =129 GPa 0.2 28.4 cm 5=0.0051
Reinforced Roadbed 2.0 E = 180 Mpa 0.2 50 cm
Subsoil 2.0 E = 60 Mpa 0.3 2.976 m

Y E = Young’s modulus, | =

Moment of inertia, k = Linear spring constant, a and 8 = Coefficients of Rayleigh damping model.

T —— -

Total length = 150 m

2462 m
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(@) Full dimension

(b) Detailed mesh

Observation point Rail
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Fig. 1. Finite element mesh for railway structure
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Fig. 2. 2-dimensional vehicle modelling

Table 2. Physical properties for simple vehicle model
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(a) Beam-spring configuration

Beam

Half space

(b) Beam-half space configuration

Fig. 3. Beam-spring and beam-halfspace configurations subjected
to load F that moves with velocity v (redrawn from Esveld,
2001)
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