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Discrete element analysis of settlement and deformation modulus of railway ballasts
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Abstract: This study investigates settlement and deformation modulus of railway ballasts under repeated loads
through ballast box tests by using discrete element method and considering the irregular shapes of ballasts. Simu-—
lated results present an exponential relationship between settlement and loading cycles. Deformation modulus of
ballasts increases with increasing loading cycles and tends to be constant. Based on the developed discrete ele—
ment model this study also explores the influential factors such as friction coefficients of ballasts and loading
frequency. The results show that settlement reduces and deformation modulus increases with increasing friction
coefficients because of the increasing interlocking between particles. Settlement increases and deformation modu—
lus reduces with increasing loading rates because of the corresponding compact packing. This study shows the
feasibility and contribution of the discrete element method in the understanding of the mechanical characteristics
of railway ballasts.
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Fig. 1 Ballast particles with irregular shape
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Fig. 2 Discrete element model of railway ballasts
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Table 1 Main computational parameters in DEM simulations of

ballast box test
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Fig. 6 Force chain distribution under cyclic loading
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Fig.7 Accumulated settlement of sleeper simulated with DEM
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Fig. 9 Settlement of sleeper under different loading frequencies

10
Fig. 10 Deformation modulus of ballast materials under dif—

ferent loading frequencies
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