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Abstract; Engineering blasting serves as a critical technology in mineral extraction and infrastructure develop-
ment,yet carries inherent operational safety risks. To establish a scientific and systematic safety risk assessment
framework with targeted preventive measures,this study develops a risk evaluation model that addresses uncertainty
and ambiguity in the assessment process. Based on an analysis of 90 engineering blasting accidents in China(2014—
2024) ,a causal index system spanning four dimensions was constructed ; human , machine (object) , environment , and
management. Statistical analysis indicates human unsafe behavior’ ( particularly illegal operation) as the primary di-
rect cause. At the same time , management defects’( particularly inadequate safety training, unimplemented safety pro-

tocols ,and disorganized site management) constitute fundamental systemic causes. To address quantification challen-
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ges in risk evaluation,fuzzy mathematical theory and the analytic hierarchy process( AHP) were integrated to deter-
mine indicator weights, thereby establishing an AHP-based multilevel fuzzy comprehensive evaluation model. Case
validation confirms the model’s effectiveness in assessing overall blasting safety status and identifying risk levels
across causal dimensions, enabling key risk factor identification. Based on model outputs and a detailed accident a-
nalysis, comprehensive preventive countermeasures against engineering blasting accidents were systematically pro-
posed across four domains ; technology , management , personnel ,and emergency response. The findings demonstrate the
model’s scientific utility for dynamic risk control, suggesting countermeasures such as enhanced safety training, im-
proved equipment maintenance, optimized environmental controls, and strengthened safety accountability systems.
This study provides both a theoretical foundation and practical guidance for mitigating engineering blasting risks.
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Table 1 Multi-level risk evaluation index system for engineering blasting accidents
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Table 3 Criteria layer judgment matrix and weight values

U, U, U, U, W,

U, 1 2 5 3 0.483
U, 172 1 3 2 0.272
U, 1/5 173 1 172 0. 088
U, 173 172 2 1 0.157
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Table 4 Judgment matrix and weight vector

values for indicator layers C,, ~ C,,

C, C, C C, W,
C, 1 1 173 3 0. 201
C, 3 1 173 3 0.201
C 3 3 1 5 0.520
c, 173 173 1/5 1 0.078
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Table 5 Calculation results of the final weight vector system
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Table 6 U, (human factors) assessment

indicator membership matrix
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Matlab QA5 .

% AR : B RZAT a0 (H = KBRS E = AL
RE)

H=[7879 7570687771 7269 76;
50 55 60 66 61 56 59 54 50 58;
42 40 43 49 41 44 40 42 41 43 ],
E =[45 42 44 38 36 43 45 31 38 40;
30 29 21 25 38 33 45 32 25 35;
10262217 1123222015 16];
I set=[121416181100];
m_set = (1_set(1l:end —1) +1_set(2:end) )/2;
k_set =10./(1_set(2:end) —1_set(1:end -1));
num_factor =size( H,1) ;%4
num_expert =size(H,2) ;%10
num_grade =5;
V_danger = zeros ( num_factor, num_grade ) ;
V_eval = zeros( num_factor, num_grade) ;
for ¢ =1 :num_factor
for g =1 :num_grade
% fE R IR
mf_H = zeros(1,num_expert) ;
idx_H=H(c,:) > =1_set(g) & H(c,:) < =1
set(g+1);
mf_H(idx_H) =1./(1 +exp( —k_set(g) * (H
(c,idx_H) -m_set(g))));
V_danger(c,g) =mean(mf_H) ;

% VA IRES

mf_E = zeros(1,num_expert) ;

idx_E=E(c,:) > =1_set(g) & E(c,:) < =1
set(g+1);

mf_E(idx_E) =1./(1 +exp( —k_set(g) * (E
(c,idx_E) -m_set(g))));

V_eval(c,g) =mean(mf_E) ;

end
end
% LE R E
V_com=0.5 * V_danger +0.5 * V_eval;
% A—Ak B IR EEATHIN 1
V_sum =sum(V_com,2) ;%4 x 1
V_norm = V_com. /repmat( V_sum,1,num_grade ) ;%
4 x5
% it 4 R
grade_name = { *JEARTCERG ",  BARMER,  — MK
fals, ESEk, ARG
factor_name = { ‘C11°,°C12’ ,“C13’ | ;
T = array2table( * V_norm’ , ¢ VariableNames’ , factor_
name, ‘ RowNames’ ,grade_name) ;
disp( “ & HRHTHH LG ERIBE: ) ;
disp(T) ;
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