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ABSTRACT

The geometric conditions of railway tracks are a critical factor influencing the safety, comfort
of train operations, and the scheduling of track tamping cycles. Rallway infrastructure
managers, aiming for optimal use of limited maintenance resources, plan tamping cycles based
on a precise understanding of the rules governing track geometry deterioration. In this paper,
by considering each 200-meter track segment as a research unit, the uncertainty and
heterogeneity of track geometry degradation are analyzed based on the evaluation of track
geometry conditions. Accordingly, aMarkov transition probability model is proposed to predict
the degradation trend of railway track segments. Furthermore, the deterioration states of track
segments are classified into multiple ranks, and Markov transition probabilities among failure
states—with irregular and non-uniform interval s between inspection points over time, described
by exponential hazard models—are developed. To validate the proposed method, a case study
on the railway line in the Lorestan region of the Islamic Republic of Iran is conducted. The
resultsfrom the degradation model demonstrate an acceptable accuracy in forecasting the future
condition of the track. Additionally, the parameter estimation results indicate the significant
impact of heterogeneous climatic factors on the track geometry deterioration processes and
tamping cycles, wheretracks exposed to harsher climatic conditions exhibit shorter servicelives
and tamping intervals. The proposed approach is aso vauable for maintenance operation
planning and assistsin the management of maintenance and repair of railway track components.

Keywords: Geometric Deterioration, Tamping, Markov Chain, TQI Index, Railway
Degradation Model

TRJ
No.84
195



