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Evaluation of particle trajectory of ballasted layer
mixed with tetrapod shaped artificial ballasts
under monotonic and cyclic dynamic loadings
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Advanced Railroad Civil Engineering Division, KRRI
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Abstract Ballast particles move continuously under a train loading. In this paper, the movement of
ballast particles was visualized quantitatively. The ballast layer mixed with tetrapod-shaped artificial
ballast (AB) was modeled using a two-dimensional DEM (Discrete Element Method). The particle
trajectories in the ballast layer were evaluated quantitatively under monotonic and cyclic dynamic loads.
In the case of a monotonic load, the peak vertical forces applied to the ballast layer could be decreased
by approximately 50% by the interaction among sleeper, concave type tetrapod artificial ballast on top
of the ballast layer and gravels consisting of a ballast layer. Under cyclic dynamic loads, particle
movement increased with increasing amplitude and frequency of input loadings. The circular sliding
staring from the bottom of the sleeper reached the subgrade boundary by visualization. In addition, the
movement of ballast particles was relatively small in the case of tetrapod artificial ballasts than in the
case without them. This originated from the concave-shaped tetrapod artificial ballast with
multi-contact points between the artificial ballast and ballast grain to distribute the train loading

uniformly in the ballast layer.
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Table 1. DEM parameters used in this study(2D)

Density of grains 2.64 g/cm?
Spring constant (Normal) 1.0 x 10° g/s*
(Tangential) 0.25 x 10° g/s*
Coefficient of viscosity (Normal) 1.0x10" g/s
(Tangential) 0.5x10" g/s
Coefficient of friction between Grains 0.5
Analytical boundary size 100 x 100 cm
Ballast size 2 ~6cm
Thickness of line element 1.0 mm
Calculation time interval 50 x 107 s
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Fig. 1. Tetrapod artificial ballast grain with circles
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Fig. 2. Tetrapod type artificial ballast grain (mm)
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Fig. 3. Initial configurations of the models in this

study
(2) Without artificial ballast grain (w/o AB)
(b) With tetrapod type artificial ballast grain (w AB)
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Fig. 4. Time history of vertical load acting on the
sleeper under monotonic loading
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Fig. 5. Particle Trajectory during monotonic loading
w/o AB

Fig. 6. Particle Trajectory during monotonic loading
w AB
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Fig. 7. Vertical load acting on sleeper of the cyclic
loading test
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Fig. 8. Particle trajectory in 0 ~ 5 kN cyclic loading
amplitude depending on frequency (w/o AB)
(a) 6.5 Hz (b) 10.7 Hz (c) 23.5 Hz
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Fig. 9. Vertical settlement of sleeper in 0-5 kN cyclic
loading amplitude depending on frequency
(w/o AB)

Table 2. Vertical settlement of sleeper in 0-5 kN
cyclic loading amplitude depending on
frequency (w/o AB)

Loading frequency Time Settlement
(Hz) (sec) (mm)
6.5 50 6.3
10.7 50 36
23.5 35 120
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Fig. 10. Particle trajectory in 0-5 kN cyclic loading
amplitude depending on frequency (w AB)
(@) 0-5 kN, 8.0 Hz (b) 0-10 kN, 8.4 Hz
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