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Simulation of track-substrate dynamic interaction in rail joints
— choice of ballast-substrate models and simulated impact response —
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The dynamic response in rail joints is simulated using the mathematical model representing the
rail-discontinuity at the joints and track-substrate interaction. The ballast and substrate are
modelled with either 1D lumped mass or 2D/3D elastodynamic maodels. Through numerical
results, the reasonable choice of the ballast- and substrate madels is discussed for simulation
of impact responce in rail joint. The sleeper-ballast interaction force is not affected by choice
of ballast- and substrate model. The different response of the ballast acceleration from them
for elastodynamic models is simulated with the lumped mass model. The 2D model tends to
overestimate the ballast acceleration in 150-300 Hz frequency range in comparison with the 3D
model; the difference between these results is rather small. The use of the 2D model is hence
practical for avoiding to consume huge computational work.
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Fig. 1 Mathematical model of the upper parts
of jointed track with fish plates.
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vehicle and track. g.l_ ’/Baum
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(a) Sleepers. @] | Macadam \
Length of sleeper span  0.58(m) i Aol Conirite
Number of sleepers 21 2| # P %
Mass 80(kg) o i Absorption Boundary

" 01
(b) Railpads.
Stiffness  110(MN/m) | 0.58 X Number of Sleeper Span_|

Damping 98(kNsec/m)

(c) Vehicle & Wheel.
Wheel Young’s modulus  206(GN/m?)
Wheel Poisson’s ratio 0.3

Wheel radius 0.43(m)
Unsprung mass 697.0(kg)
Time-independent load  56.050(kN)

Table 2 Material parameters of ballast and sub-
strate,

S wave Density Poisson’s Limit
velocity ratio freq.
(mfs) (kg/m?) (Hz)
Ballast 142.2 1700 0.28 500
Asphalt 173.3 2400 0.25 500
Macadam 179.3 2000 0.40 500
Soil 107.0 1800 0.30 250
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(b) Boundary conditions in zy-domain.

Fig. 2 Phase of ballast and substrate.
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Fig. 4 Fourier spectrum of ballast acceleration
at the rail joint.
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