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Safety and risk are central and broad concepts present in all human activities, including industry and transportation

systems. Their wide scope makes any comprehensive study of these subjects both challenging and complex. Nevertheless,

ensuring that all relevant dimensions and factors are considered in a safety or risk analysis is essential.

This study focuses on a significant event in railway safety: Signals Passed at Danger (SPADs). Motivated by the 2020 Soure

train collision in Portugal—caused by a SPAD—this work analyses the multiple dimensions involved in SPAD occurrences

within the Portuguese railway system between 2016 and 2021. The study encompasses several key factors: human,

technological, operational, and spatiotemporal.

Human factors were analysed at both organizational and individual levels, addressing latent and active errors. A translated

and adapted survey was used to assess latent errors and organizational conditions. From the collected responses, insights

were obtained regarding job satisfaction, safety culture, and occupational stress. Active human errors were examined

through a survival analysis using a general database of train drivers and historical SPAD data. For this dataset, several

survival functions and a Cox Proportional Hazards model were fitted.

The technological analysis focused on the reliability of the Portuguese Automatic Train Protection (ATP) system, including

both on-board and trackside subsystems. Results indicate that ATP failures are more likely under high temperatures and

prolonged sun exposure.

Finally, spatiotemporal and organizational factors were modelled to assess their influence on the frequency, severity, and

overall risk of SPADs. The findings highlight the combined effects of ATP reliability, train traffic density, and the number of

stations on SPAD risk. Altogether, this multidimensional and multifactorial approach provides a comprehensive framework

to ehance a holistic understanding of SPADs and supports the development of more effective railway safety strategies.
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