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Collaborative Optimization of Pipe Diameter and Slope and Structural Design for Rainwater
and Sewage Diversion Retrofit Drainage Network
Liu Huagian

China Metallurgical Jingcheng Engineering Technology Co., Ltd., China Beijing 100176

Abstract: In response to the practical constraints of limited space and strict investment control in rainwater and sewage
diversion renovation, pipe diameter and slope, as two core parameters of gravity flow pipelines, actually have an economic
coupling relationship in which one increases while the other decreases—enlarging the pipe diameter can reduce the slope
requirement but increases material costs, while increasing the slope can reduce the pipe diameter but significantly increases
earthwork and burial depth. Traditional methods relying on empirical trial calculations or single-parameter optimization make
it difficult to truly find the economically optimal solution. Based on the actual requirements of renovation projects, this paper
establishes a set of collaborative optimization methods for pipe diameter and slope, aiming to minimize life-cycle costs while
coordinating hydraulic constraints, construction feasibility, and structural safety. It specifically clarifies the principles for
determining design flow, the normative constraint system, and the integrated optimization strategy of discrete pipe diameters
with continuous slopes, and provides design focal points for different hydraulic conditions of rainwater and sewage pipelines.
In terms of structural design, it also systematically reviews the key points of collaboration in pipe material selection, load
combinations, corrosion protection, and optimization of auxiliary facilities. Finally, it proposes the implementation process of
collaborative optimization in renovation projects and points out common design pitfalls. This paper does not rely on specific
city cases, and the general design process and optimization approach provided can be widely applied to similar projects.

Keywords: Separation of rainwater and sewage; Drainage pipe network; Pipe diameter optimization; Pipe slope; Collaborative

design; Structural durability
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