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Evaluation of settlement behavior of ballasted layer
mixed with specially shaped artificial ballasts
under train loading
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Abstract The ballast layers play a key role in distributing and supporting a trainload. On the other hand,
it settles down by dynamic train loading due to large void ratios. Consequently, it requires continuous
maintenance. In this paper, ballast layers mixed with three types of specially shaped artificial ballast (AB)
(Rectangular, Tetrapod, Hexagonal) were modeled by using a two dimensional DEM (Discrete Element
Method). Repeated loading tests were performed to evaluate the settlement behavior of the ballast layers.
The smallest settlement was observed in the case of the ballast layer mixed with Tetrapod AB than in
other cases, according to an analysis of the force transfer routes. In addition, contact force analysis
showed that the Tetrapod AB, which has a concave shape, could easily make small and multi-channel
force-transfer routes. This means that the stress in the ballast layer by the train loading transferred
through the sleeper uniformly was distributed well by the AB. Therefore, the settlement of the ballast
layer mixed with the concave-shaped Tetrapod AB could be reduced effectively under a repeated train
loading. The effects of a decrease in settlement of the ballast layer highlight the possibility of a
maintenance-free ballasted track.
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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 107 g/s’
(Tangential) 025 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 10° s
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Fig. 2. Size distribution of ballast grains
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Fig. 3. Three types of artificial ballast grain
(a) Type A(Rectangular) (b) Type B(Tetrapod)
(c) Type C(Hexagonal)
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Fig. 4. Initial configurations of the models in this study
(a) Without artificial ballast grain (Type O) (b) With
type A artificial grains (c) With type B artificial grains
(d) With type C artificial grains
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Fig. 5. Examples of input motions of the cyclic
loading test
(a) Vertical position of sleeper
(b) Vertical load acting on sleeper
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Fig. 6. Responses of vertical settlement for different
loading amplitude in Type O model
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Fig. 7. Responses of vertical settlement for different
loading frequency in Type O model
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Fig. 8. Responses of vertical settlement for different
loading amplitude in Type B model
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Fig. 9. Grain configuration and force chains at the
last loading
(a) Type B, 0-5 kN, 8.0 Hz (b) Type B, 0-10 kN, 8.4 Hz
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Fig. 10. Evolution of vertical settlement for different
type of artificial ballast grains
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Fig. 11. Grain configuration and force chains at the
last loading
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