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Abstract

To address the high frequency of human errors in phosphate ore processing plants and enhance the
industry-specific applicability of traditional Human Reliability Analysis (HRA) methods, this study
constructs an integrated analysis framework combining an improved Human Factors Classification
System (HFICS-MP) with a Bayesian Network (BN). Based on 200 accident cases, the HFICS-MP frame-
work was used to refine 36 unique risk factors and establish a four-layer structure. Chi-square tests
identified non-linear transmission paths within and between layers. BN quantification revealed that
Violation Operations (C31) in the proximal behavior layer was the core factor, with the highest oc-
currence frequency (81.0%) and the greatest posterior influence. In the organizational layer, Inade-
quate Safety Training (A23, occurrence frequency: 67.0%) and Deficient Risk Management (A31, oc-
currence frequency: 58.5%) were deep-rooted contributors. Within the supervision layer, Failure in
Procedure Execution (B41, occurrence frequency: 45.0%) and Lack of Protective Equipment Over-
sight (B31, occurrence frequency: 41.0%) were key weaknesses. Case back-calculation validated the
“organizational deficiencies — supervisory failures — proximal behaviors — accident” transmission
mechanism and cross-layer influences. Sensitivity analysis demonstrated that controlling key fac-
tors such as Inadequate Human Resource Allocation (A12), Lack of Protective Equipment Oversight
(B31), Interference from the Operational Environment (C11), and Violation Operations (C31) could
significantly reduce the probability of mechanical injuries. This study provides a quantitative meth-
odology for root cause identification, dynamic assessment, and hierarchical prevention and control
of human failure in phosphate ore processing plants.
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Figure 1. Frequency and probability distribution of tier D causal factors
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Figure 2. Frequency and probability distribution of tier C causal factors
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Figure 3. Frequency and probability distribution of tier B causal factors
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Figure 4. Frequency and probability distribution of tier A causal factors
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Figure S. Topology model of the Bayesian network for human reliability in the mineral processing plant
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Figure 6. Topology of the case-specific Bayesian network
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