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Abstract

This study addresses the complexity and uncertainty of coal mine safety production factors by inte-
grating the Analytic Hierarchy Process (AHP) and Monte Carlo Simulation (MCS) to construct a multi-
level risk assessment model. Through AHP, influencing factors are categorized into four major criteria
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layers—human, equipment, environment, and management, comprising 26 specific indicators. Quan-
titative analysis reveals the dominance of human factors (weights 35%~45%). MCS is further em-
ployed to simulate random perturbations in judgment matrices, generating weight distribution in-
tervals and confidence level analysis, thereby addressing the subjective bias inherent in traditional
AHP thatrelies on expert judgment. The research demonstrates that the AHP-MCS coupling method
enables dynamic assessment of risk evolution paths (e.g., gas concentration fluctuations, equipment
aging risks) and identifies critical control nodes through sensitivity analysis, providing a scientific
basis for coal mine safety governance.
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Table 2. Traditional scales and indices
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Table 3. Human factor layer judgment matrix
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THERBEFE Su S12 Si13 S14 Sis
Su 1 1.732 3 5.196 1.732
S12 0.577 1 1.732 3 1
Si3 0.333 0.577 1 1.732 1.732
Sia 0.192 0.333 0.577 1 0.577
Sis 0.577 1 0.577 1.732 1
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Table 4. Equipment factor layer judgment matrix

* 4. REEREFIEER

FRERBEAE So1 S22 S23 Sa4 Sos Sa6
S21 1 0.577 1 0.577 1.732 0.577
S22 1.732 1 1.732 1 3 1
S23 1 0.577 1 0.577 1.732 0.577
Sa4 1.732 1 1.732 1 3 1
Sas 0.577 0.333 0.577 0.333 1 0.333
So6 1.732 1 1.732 1 3 1

Table 5. Environmental factor layer judgment matrix
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TRERBEE Sa1 S23 Ss3 Sas
Ss1 1 1 1.732 3
S23 1 1 1.732 3
Ss3 0.577 0.577 1 1.732
Sas 0.333 0.333 0.577 1
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Table 6. Management factor layer judgment matrix
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FTHEERBEERE Sa1 Saz Sas Saa Sas
Sa1 1 1 0.577 0.333 1
Sz 1 1 0.577 0.333 1
Sas 1.732 1.732 1 0.577 1.732
Sas 3 3 1.732 1 3
Sus 1 1 0.577 0.333 1
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Table 7. Criterion layer traditional judgment matrix
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N JZ 63 C1(NABE) Ca (BA& ) Cs (R %) Ca (EPELH ) BE We
C 1 3 5 3 03
Cz 13 1 3 1 0.33
Cs 1/5 13 1 13 0.14
Cs 13 1 3 1 0.23

Table 8. Criterion layer index judgment matrix

3% 8. N E R M AE R

HENE TR Ci(NHNIHR) C2 (BH/HR) Cs (A R) Cs(BHHR) N E We
Ci 1 1.732 3 1.732 0.42
C2 0.577 1 1.732 1 0.28
Cs 0.333 0.577 1 0.577 0.10
Cq 0.577 1 1.732 1 0.20
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