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Resilience Assessment and Decision-making for Internal Building Explosions
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Abstract: Frequent combustion-explosion accidents caused by flammable gas cloud accumulation in
buildings have seriously compromised the safety of related major engineering facilities. Meanwhile, ex-
plosions pose serious threats to life and property safety. Internal explosions of flammable gas clouds
exhibit significant uncertainty, and conventional blast-resistant techniques struggle to balance protec-
tion efficiency and economic investment. Based on the physics- and data-driven resilience evaluation
methodology, the uncertainties of internal explosion accidents, load intensity, and primary structure
damage were first analyzed and assessed. Fuzzy mathematics was then employed to establish overpres-
sure membership functions for different personnel injury levels and to derive probability calculation

models for injury levels corresponding to membership degrees. Building upon the empirical seismic for-
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mula, a mortality coefficient was introduced to obtain a casualty model that integrated shock wave

damage and building collapse injuries. Then, the calculation models of loss and resilience index were

proposed. Based on these findings, the protective strength-casualty probability and protective strength-

resilience index relationships were calculated and acquired by taking a gas-related plant as an example.

Considering increased construction and maintenance costs from enhanced protection level, the cost-ef-

fectiveness ratios of building protective resilience under different protection levels were calculated.

Considering the probability of casualties, building resilience index, and protection cost-effectiveness,

and balancing cost savings with casualty reduction, the optimal protection level was determined to be

0.8. This resilience assessment and decision-making model effectively balances the costs and benefits

of blast resistance and is able to objectively characterize explosion risks under existing design condi-

tions, while also enabling evaluation and optimization of blast-resistant design schemes.

Keywords: engineering blast resistance; resilience assessment; loss; physics- and data-driven
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