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ARTICLE INFO ABSTRACT

Article history: Vocational training workshops play a critical role in developing a skilled
Article Type: Research paper workforce; however, the intensive and frequent utilization of equipment in
Received: 11 Oct 2026 these settings inevitably leads to accelerated deterioration and potential
Received in revised form: 7 May 2026 failures. Beyond the direct financial implications, equipment malfunction
Accepted: 2026/10/09 constitutes a primary source of occupational hazards and a significant
Available online: 2026/10/13 contributor to workplace accidents, thereby posing substantial threats to the
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f farokhi@ihuo.ac.ir This study aims to develop a comprehensive model for optimizing
- — maintenance strategies, employing a proactive approach to systematically
Key Yvords: ) enhance workshop safety and occupational health while concurrently
Equipment Risk Management reducing lifecycle costs. This applied research employs a System Dynamics
Predictive Maintenance (SD) modeling and simulation approach, implemented using Vensim software.
System Dynamics Key variables influencing equipment degradation and safety performance
Workshop Safety were identified, and a causal-loop diagram was constructed to map the

feedback mechanisms governing the system. A quantitative stock-and-flow
model was subsequently developed and simulated under three distinct
maintenance scenarios: corrective (run-to-failure), preventive (time-based),
and predictive (condition-based) maintenance. The scenarios were
comparatively analyzed based on key performance indicators, including
lifecycle costs, equipment reliability, availability, and downtime—the latter
serving as a proxy measure for indirect safety risks. The results showed that
the predictive maintenance strategy (based on the Internet of Things and big
data analytics) is significantly more efficient compared to other methods. This
strategy resulted in a reduction in failure rates to 10% in the ideal predictive
scenario and 18% in the realistic scenario, and equipment availability to 98%
in the predictive scenario and 95% in the realistic scenario. These
improvements directly translate into reduced downtime, reduced employee
exposure to unsafe equipment, and, as a result, a significant reduction in the
risk of accidents and occupational hazards in the workshop environment. The
findings underscore that investment in advanced maintenance strategies
should not be perceived as a mere operational expense, but rather as a
strategic intervention for risk management, occupational safety enhancement,
and the overall sustainability of educational training facilities. The proposed
model offers a robust, evidence-based decision-support tool for managers,
enabling them to effectively mitigate operational hazards and improve
working conditions in workshop settings.
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