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Discrete element simulation and its validation on vibration
and deformation of railway ballast

ZHANG Xu, ZHAO Chun-fa, ZHAI Wan-ming, FENG Yang
(State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu, Sichuan 610031, China)

Abstract: A three-dimensional (3D) discrete element model (DEM) is established to simulate micro- and macro-scale mechanical
behaviors of railway ballast. In this model, the clump models with irregular shape are built to simulate the real ballast particle
geometry morphology captured by using a 3D laser scanner. A full-scale model of high-speed railway ballasted track is conducted to
validate the DEM model. The deformation and vibration response of railway ballast are obtained under the static load and the cyclic
load in the laboratory. The amplitudes of the ballast acceleration and its attenuation law with the depth acquired by DEM simulation
and experimental tests are close. Numerical results of the vertical deformation of railway ballast under the static loads and the
permanent deformation under cyclic loads are good agreement with experimental data, which demonstrates that the established DEM
model is reasonable. Therefore, the obtained vibration response and deformation of railway are reliable and relatively accurate. This
DEM model can be used for subsequent analysis on the micro- and macro- mechanical behaviors and deformation of high-speed
railway ballast.
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Fig.6 Photo of vibration and deformation test
of ballasted track
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Fig.11 Numerical results vs. experimental results of ballast
vibration acceleration
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Fig.12 Numerical results vs. experimental results of ballast
deformation during static loading and unloading process
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