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Life Cycle Cost-Benefit Analysis of Municipal Slope Protection Engineering
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[Abstract] With the continuous acceleration of urbanization, municipal infrastructure construction increasingly
extends into complex terrain areas. As a critical component ensuring urban operational safety, the stability and
durability of slope engineering directly affect the safety of people's lives and property and the normal functioning
of urban services. Traditional decision—making for slope protection projects often focuses primarily on initial
construction costs, neglecting long—term factors such as later operation and maintenance, disaster risks, and
environmental impacts. This has frequently led to scenarios of "low—bid winning but high—cost maintenance"
or even "repeated remediation." Based on Life Cycle Cost (LCC) theory, this paper constructs a cost—benefit
analysis framework suitable for municipal slope protection engineering. It systematically identifies and quantifies
cost and benefit elements across various stages, including planning, design, construction, operation and
maintenance, disaster emergency response, and final disposal. By incorporating methods such as risk discounting,
environmental value assessment, and social utility functions, comparative analyses of typical protection
technologies (e.g., lattice beams + anchor rods, ecological slope protection, retaining walls, etc.) are conducted
and validated with case studies. The research results indicate that adopting a life cycle perspective for selecting
slope protection solutions, while potentially increasing initial investment, can significantly reduce long—term
comprehensive costs and enhance project resilience and sustainability. This paper aims to provide scientific
decision—making tools for municipal engineering managers, promoting the transformation of slope protection
engineering from "passive emergency response" to "proactive prevention and control," achieving synergistic
optimization of economic, social, and ecological benefits.
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Management; Sustainable Development
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