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Currently, the railway industry does not have a flexible decision support strategy for maintenance strategies 
optimization due to three defects in reliability studies:  

1. Small sample data for analysis. Actually, the foundation of any classical statistics method is the law of 
large numbers, where the number of the data sample has been expected to be infinity. However, all 
data sample is limited, or even very sample. For instance, in railway industry, sometimes the real 
running data are very limited for decision making especially for new infrastructure. Therefore, prior 
information, including data collected through different sources should be considered. 

2. Incomplete data set, including censored or truncated data. Most times, we can not run all 
infrastructures to failure to get the analysis data due to economy, and we just know their lifetimes 
exceed some time points. In another aspect, it is a very common situation for on-site data in railway 
industry because some infrastructures will be replaced or do maintenance before or after their lifetime 
endings, so it is difficult to get their exact lifetime from real running data. Not to mention that, sometimes 
the quality of the data got from CMMS is not high and the data set is uncompleted. 

3. Complex operational environments. In the real world, any system is running under different 
operational environments, which will significant influence the system’s reliability and maintenance 
strategies making. For instance, in railway industry, when replacement strategies are considered, in 
addition to wear, the failure of a technical system is also affected by other factors, including 
maintainability issues, and the implementation of preventive measures. Another example is, because of 
the severe winter condition in the Norbotten region, the influence of the weather should also be 
seriously considered. Thus, these factors, as well as the wear behaviour should be considered together 
as covariates for developing replacement or maintenance strategies. 

However, so far, there is not an integrated reliability method which can consider above three aspects 
simultaneously. Therefore, this project aims to set up flexible Integrated Reliability models to resolve the 
difficulties mentioned above.  

As shown in Fig.1, in this project, Bayesian theory will be applied to resolve the problem of small data sample; 
survival analysis will be carried here to fix with both “incomplete data set” and “complex operational 
environment” problems. Above two parts will formulate Bayesian survival models for integrated reliability and 
risk-based maintenance strategies optimization. The calculations will utilize Markov Chain Monte Carlo 
Simulation method. 
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Fig.1 Bayesian Decision Support  


