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The IEC 61508 standard has been widely adopted across multiple sectors — including the process, automotive, and railway
industries — where it serves as the basis for domain-specific safety standardisation. IEC 61508 recognises the importance
of hazard and risk analysis by dedicating the initial three phases of the safety lifecycle to these activities, providing generic
conceptual definitions and normative requirements.

As the conceptual definitions provided in IEC 61508 are contextually dependent, many derived domain-specific standards
have developed alternative interpretations and extensions of IEC 61508 terminology, which may result in inconsistencies,
misalignments, and ambiguities during development and assessment. To avoid this recurring challenge, domain-specific
standardisation efforts could benefit from a clear alignment with the IEC 61508 framework. To address this need, the full
paper provides a formalisation of IEC 61508 hazard concepts and terminology to improve clarity and support consistent
interpretation and traceability.

This work proposes an ontological approach to address this need, providing a formalisation of IEC 61508 hazard concepts
strictly grounded in its conceptual definitions and normative requirements. As a formal hazard ontology, it facilitates
consistent terminological interpretation, which is essential for traceability, risk analysis, and assessment.

To demonstrate the ontological approach, a hydrogen-specific extension of the IEC 61508 ontology is presented as a case
study. The hydrogen ontology demonstrates how domain-specific concepts — such as explosive atmospheres, ignition,
and deflagration — can be situated within the IEC 61508 safety framework, providing a traceable alignment with the
standard.

The case study suggests that the proposed ontological approach can enhance the precision of domain-specific
terminology and improve normative traceability within the IEC 61508 safety framework. The work represents a
methodological step towards formalising the conceptual foundations of functional safety and demonstrates how
ontological engineering methodologies can strengthen and extend the application of the IEC 61508 safety framework
across technological domains.
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