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In industrial and laboratory safety management, various risk factors such as chemicals, laboratory equipment, and working

environments interact in complex and dynamic ways, increasing the likelihood of accidents. To effectively recognize and

manage these hazards, a systematic and quantitative risk assessment process is essential. However, conventional

assessment methods often depend on descriptive reports or tabular data, which make it difficult to intuitively grasp the

relative levels of risk and to determine management priorities.

To overcome these limitations, this study developed a visual risk assessment tool based on a multi-layered Risk Map

approach. The tool follows a standard risk assessment framework that evaluates the frequency and severity of each hazard

and calculates the risk level as the product of these two factors. Unlike conventional single-layer heat maps, the proposed

system integrates multiple categories of hazards including chemical, environmental, and human-factor risks into a unified,

multi-layered visualization. Each layer represents a distinct hazard domain, and the overlay of multiple layers provides a

comprehensive overview of overlapping or compounding risks within a single interface.

The developed tool was applied to real laboratory and industrial field cases. The results demonstrated improved accuracy

in hazard identification, greater efficiency in prioritizing risk control measures, and enhanced intuitive understanding of

complex risk interdependencies compared to traditional manual evaluation methods. These findings indicate that multi-

layered heat map?based visualization can significantly enhance the reliability, transparency, and accessibility of risk

assessments. Furthermore, the approach suggests strong potential for future integration with artificial intelligence (AI) to

enable intelligent risk prioritization and decision support, ultimately contributing to the establishment of a more

comprehensive and proactive safety management system.
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