Railway ballast damage detection following the Bayesian framework
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Abstract

The railway ballast is an essential component of the ballasted track system. Unlike other track
components, such as the rails, fasteners, and sleepers, there is currently no commonly
accepted non-destructive monitoring technique for the ballast under the sleeper. Under the
action of repeated train load, the ballast particles at some regions will break down, and the
capability of the ballast layer in supporting the sleepers and so as the rails will certainly be
reduced (this is considered as ballast damage in this study). Furthermore, the ability of the

system in resisting rail buckling may also be affected.

This seminar is about the feasibility study on the detection of ballast damage utilizing
measured vibration of in-situ concrete sleeper following the Bayesian model updating method.
Unlike the deterministic methods, which aim in pinpointing the values of model parameters,
the Bayesian method focuses on calculating the posterior probability density function (PDF)
of model parameters. It is well-known that the stress-strain behavior of ballast is nonlinear
under large amplitude vibration. The proposed method will capture this behavior by the
modified Ludwik model. As the ballast particles are of irregular shapes, the mechanical
property of ballast is highly uncertain. To explicitly address the problem of high uncertainty
in the model updating problem, the Markov chain Monte Carlo (MCMC) simulation is
employed to generate samples for the approximation of the posterior PDF of ballast stiftness

for the purpose of ballast damage detection.
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