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The urban lifeline system is a complex and fragile network containing multiple interacted subsystems, like transportation,
gas, and electricity. A dynamic and quantitative model for coupling risks that balance accuracy and efficiency is both a
theoretical and practical challenge. Regarding the accident evolution simulation and chain-breaking of the risk
management of lifeline systems, a close-loop QRA framework that covers risk identification, risk analysis, and control
optimization is proposed by taking energy out of control as the primary unit of abnormal events. 1-dimensional energy
out of control is modelled by complex network and 3-dimensional energy out of control is quantified by analytical and
numerical methods. Based on the emerging modeling framework, the proposed model enables dynamic simulation of
cascading failures caused by various internal and external abnormal events in lifeline systems. In the case of an LPG tank
truck leakage, the spatial and temporal evolution of coupling risks in a transportation-gas-electricity system are quantified
and verified, including hazardous chemical leak, explosion, power outage, gas outage, and road disruption. The spatial
and functional critical points in the lifeline system are identified and corresponding management suggestions for different
urban areas are proposed to achieve detailed risk decoupling in the giant urban lifeline system considering physical
mechanisms. Moreover, the dominance effect of function dependency and amplification effect of spatial adjacency of
coupling events in the urban lifeline system are identified.
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