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[Abstract] In response to the practical challenges such as uneven water pressure distribution, failure of
equipment interlock, and deteriorating operational performance in the fire water supply systems of high—rise
civil buildings, this study breaks through the limitations of traditional qualitative analysis and analyzes the failure
mechanisms of the systems from a full life cycle perspective. A hierarchical reliability quantitative assessment
system is constructed. By considering the vertical zoning water supply characteristics, redundant equipment
configuration, and dynamic operation conditions, hidden weak links are accurately identified. Innovative
improvement strategies such as differentiated redundancy optimization, dynamic water pressure regulation, and
state closed—loop monitoring are proposed. This research can effectively solve the problems of unstable water
supply and delayed fault prediction in high—rise fire water supply, providing practical references for the quality
improvement of high—rise building fire systems and the optimization of new construction projects.
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