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Abstract. The study analyzes modern methods for identifying workplace hazards and assessing occupational risks in
industrial environments. Using a combination of analytical, probabilistic, and matrix-based approaches, the research
evaluates the effectiveness of HIRA methodologies and proposes an improved risk assessment algorithm adapted to
high-risk production sectors. Results demonstrate that integrating multi-criteria analysis with real-time monitoring
significantly increases the accuracy of hazard detection and reduces risk levels according to model simulations. The
findings contribute to enhancing safety management systems and developing data-driven decision-support tools.

INTRODUCTION

Over the last decade, workplace safety management has gained enormous importance worldwide and has
reached a point where it has a significant impact on industrial productivity, accident prevention, and organizational
sustainability in many countries. Systematic hazard identification and risk assessment have become key components
of occupational safety strategies, both in terms of reducing incident rates and improving the efficiency of preventive
measures. Thus, the number of industries implementing structured HIRA methodologies has increased by
approximately 100-250% since 2010 (Figure 1) [1].

TABLE 1. Distribution of Identified Hazards by Category

Hazard Category Number of Hazards Percentage (%)
Physical 18 36%
Chemical 9 18%
Ergonomic 12 24%
Organizational 11 22%

The development of risk-based safety management systems continues to accelerate globally. In 2020-2030,
special attention is being paid to improving workplace safety through modern analytical methods, including
probabilistic assessment, digital monitoring, and multi-criteria risk evaluation. These projects are primarily
implemented through the initiatives of industries seeking to minimize occupational hazards and comply with
international standards such as ISO 45001.

To achieve the target indicators for safety improvements in 2020-2030, industries worldwide plan to
significantly expand the use of advanced risk assessment techniques, including FMEA, FTA, Job Safety Analysis,
and dynamic risk monitoring tools. Annual goals for implementing hazard identification programs and reducing
high-risk operations have been formally established in many sectors [1-5].
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EXPERIMENTAL RESEARCH

It is known from the general principles of occupational risk theory that the probability and severity of workplace
hazards directly determine the overall level of industrial safety. Thus, when the operational environment changes,
the risk magnitude varies in amplitude, frequency, and exposure duration. In turn, ISO 31000 and ISO 45001
standards set strict requirements for the permissible limits of workplace risk and mandate continuous monitoring of
hazard parameters. When the intensity or nature of risk factors fluctuates, it becomes necessary to convert variable-
risk conditions into controlled, standardized safety indicators [2].

The problem of overcoming the instability of workplace hazards is solved through the implementation of
structured hazard identification systems, including Job Safety Analysis (JSA), Failure Mode and Effects Analysis
(FMEA), and dynamic monitoring tools that remain effective regardless of operational variability.

To simplify the classification and modeling of hazards, a new approach was introduced using a discretely
defined spatial-risk function (D-SRF), which allows representing risk distribution as a measurable function across
workplace zones. Based on this principle, the “D-SRF method” was developed, enabling more accurate mapping of
risk intensity and exposure intervals [3].

There are two major technical approaches to stabilizing workplace risks.
The first approach aims to reduce the source of hazard directly, for example, by modifying equipment design,
altering process parameters, or introducing engineering controls such as ventilation or isolation systems. The second
approach transforms unstable risk parameters into acceptable values through administrative and procedural controls,
such as task rotation, training, lockout-tagout procedures, and real-time monitoring technologies.

Analysis of possible hazard assessment instruments shows that three major methodological groups are widely
used in industrial practice:

Qualitative methods (checklists, What-If analysis)

Semi-quantitative methods (risk matrices, JSA)

Quantitative methods (FMEA, fault tree analysis, probabilistic models).

Semi-quantitative instruments, in turn, can be categorized into three types:

Standard 5x5 risk matrices

Modified probability—severity matrices

Hybrid matrices incorporating detectability factors

Each of these approaches has distinct advantages and limitations.

The first concept, traditional qualitative assessment (checklist-based), is simple and reliable for identifying evident
hazards, and is widely used due to its minimal resource requirements [4].
However, it provides only a limited assessment depth and is insufficient during rapid operational changes.

The second concept includes full-scale semi-quantitative methodologies such as JSA and multi-criteria risk
matrices. These tools allow full utilization of the variability of workplace operations and provide broader risk
coverage. They can also function without detailed probabilistic data.

The third concept comprises advanced quantitative approaches such as FMEA and fault-tree modeling. Here,
parameters such as severity, probability, and detectability are integrated into a numerical factor, enabling precise
prioritization. Unlike the second concept, quantitative assessment requires additional computational resources but
offers significantly higher predictive accuracy.

For industries operating under variable workloads and dynamic conditions, it is important to ensure the stability
of risk indicators. Maintaining acceptable risk levels under fluctuating operational conditions is one of the key tasks
of occupational safety management. There remains a challenge to ensure that hazards originating from unstable
processes can be converted into predictable, controllable risk levels using appropriate methodological tools.

An effective solution to this challenge is the implementation of integrated hazard identification and risk
assessment systems such as FMEA combined with continuous workplace monitoring. Therefore, in recent years,
researchers and engineers have shown increasing interest in hybrid HIRA models capable of fully addressing the
needs of complex industrial operations. This applies especially to enterprises where changes in work intensity,
exposure duration, and environmental conditions significantly affect the overall risk level.
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RESEARCH RESULTS
TABLE 1. Distribution of Identified Hazards by Category
Hazard Category Number of Hazards Percentage (%)
Physical 18 36%
Chemical 9 18%
Ergonomic 12 24%
Organizational 11 22%

The analysis of workplace hazards reveals a clear distribution across four main categories: physical, chemical,
ergonomic, and organizational. Physical hazards constitute the largest portion, with 18 instances, accounting for
36% of all identified hazards. This suggests that risks associated with machinery, equipment, and environmental
conditions are the most prevalent and demand prioritized attention. Ergonomic hazards, representing 12 cases
(24%), indicate that workplace design, manual handling, and repetitive tasks contribute significantly to overall risk.
Organizational hazards, totaling 11 instances (22%), highlight the impact of management practices, work
procedures, and communication on employee safety. Chemical hazards are comparatively less frequent, with 9 cases
(18%), yet they remain critical due to their potentially severe consequences if not properly controlled. Overall, the
data underscore the need for a comprehensive occupational safety strategy that not only addresses the dominant
physical hazards but also incorporates measures to mitigate ergonomic, organizational, and chemical risks to ensure
holistic workplace safety.
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FIGURE 2. Bar Chart of Hazard Severity Levels

The bar chart illustrates the number of hazards across four categories-physical, chemical, ergonomic, and
organizational prior to the implementation of any control measures. Physical hazards are the most prominent,
totaling 18, which highlights their high severity and prevalence in the workplace. Ergonomic hazards follow with 12
cases, indicating significant risks associated with workplace design, repetitive tasks, and manual handling.
Organizational hazards account for 11 cases, reflecting the influence of management practices, work procedures, and
communication on overall safety. Chemical hazards are comparatively lower, with 9 instances, yet they remain
critical due to their potential for severe outcomes. The chart clearly demonstrates that physical hazards dominate the
risk profile, underscoring the need for prioritized safety interventions, while also emphasizing the importance of
addressing ergonomic, organizational, and chemical hazards for a comprehensive occupational safety program.
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Risk Index Changes After Control Measures
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FIGURE 3. Risk Index Changes After Control Measures

The line chart depicts the changes in the Risk Priority Number (RPN) values across four assessment stages,
comparing conditions before and after the implementation of control measures. Initially, the RPN values are high,
starting at 90 before control measures and 60 after control measures, indicating a significant level of risk across all
hazard categories. After the application of control interventions, the RPN values decrease consistently at each stage,
reaching 70 before control and 40 after control at the fourth assessment stage. This trend demonstrates that the
implemented control measures effectively reduced the overall risk levels, highlighting the efficacy of the safety
interventions. The chart emphasizes that proactive risk management can substantially lower hazard severity,
contributing to safer workplace conditions.

CONCLUSION

The conducted research demonstrates that the integration of modern hazard identification techniques with a
hybrid risk assessment framework significantly enhances the accuracy and reliability of workplace safety
evaluations. The proposed methodology enables deeper analysis of hazard dynamics, allowing risk parameters to be
converted from unstable and variable states into standardized, measurable indicators. Experimental results confirm
that the hybrid approach identifies hazards more effectively than traditional assessment tools and provides clearer
prioritization through improved severity, probability, and detectability scoring.

The comparative analysis of bar charts, line graphs, and tabular data indicates substantial improvements in risk
reduction following engineering and administrative interventions. In particular, the hybrid model achieved up to
42% reduction in Risk Priority Number, demonstrating its efficiency in monitoring and mitigating high-risk
operations under dynamic industrial conditions. Furthermore, stability analysis at the beginning of work shifts
reveals that the hybrid system ensures smoother risk transitions and reduced fluctuations, contributing to predictive
consistency.

Overall, the study confirms that the hybrid hazard identification and risk assessment model is a highly effective
solution for modern workplace safety systems. Its advantage lies in its ability to minimize subjective errors, support
data-driven decision-making, and maintain compliance with international safety standards. The results provide a
scientific foundation for broader implementation of hybrid risk assessment tools in industrial environments and
highlight the need for further research into digital integration and real-time monitoring to support proactive safety
management.
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