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PSO-Based Selection Method for Trenchless Rehabilitation Technology of Drainage Pipelines
Network in Cold Region

Zhang Junbin', Zhang Yikun®, Bai Zhigiang™ *, Zheng Tao', Liu Yu', Chai Qijiao', Wang Xuefei’

(1. China Communications <Inner Mongolia> Construction & Development Co. , Lid. , Hohhot 010000, China;

2. School of Civil Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract [ Objective] This paper addresses the problems of diversified trenchless rehabilitation technologies, complex influencing
factors, and the lack of quantitative decision-making support in cold-region drainage pipeline rehabilitation projects, an intelligent
selection method considering economic performance, structural and operational reliability, and environmental impact is proposed.
[ Methods] Considering the service characteristics of drainage networks under low-temperature environments and freeze-thaw cycles,
multi-criteria evaluation system and corresponding multi-objective optimization model were developed. Particle swarm optimization
(PSO) algorithm was employed to conduct a global search among alternative trenchless rehabilitation technologies and generate a
Pareto-optimal solution set. Subsequently, the technique for order preference by similarity to ideal solution ( TOPSIS) method was
introduced to rank and select the comprehensive optimal scheme. A drainage pipeline network trenchless rehabilitation project in
Hohhot, a typical cold-region city, was adopted as a case study to verify the proposed method. [ Results ] The PSO algorithm
converged stably within a limited number of iterations and produced a well-structured Pareto-optimal solution set, clearly revealing the
trade-offs among rehabilitation cost, reliability improvement, and environmental impact. The TOPSIS result indicated that a combined

scheme dominated by cured-in-place pipe ( CIPP) with supplementary spray lining achieved the highest comprehensive performance,
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effectively balancing cost control, reliability enhancement, and environmental impact reduction, which was consistent with engineering

practice. [ Conclusion |

This paper proposes PSO-TOPSIS hybrid approach enables quantitative and systematic selection of trenchless

rehabilitation technologies for cold-region drainage networks, demonstrating strong stability, clear decision support capability, and

practical applicability, and can provide reliable guidance for rehabilitation scheme decision-making in cold-region cities.

Keywords drainage pipeline network; trenchless rehabilitation; multi-objective optimization; particle swarm optimization ( PSO )

algorithm; cold-region engineering
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Tab.4 Technical Parameters for Trenchless Rehabilitation of Drainage Pipelines Network in Cold Regions
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Tab.5 Objective Function Values of Pareto Solution and
Corresponding Technical Combination Schemes
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Fig. 3 3D View of Pareto Solution Set

Wiz 47 22 42 1R O W IR T 8 3 4 ok i 36 B
U

& my

SR, 45 H bR Z [ 3 AR AE T BRI 2R 1 G R
MBS WA KL T HARIX ] ( <320 J7o0) B, &3 0
— BN TR TR B O I S A i — 2P
Bt 2 e g DX AT S RN P 55 R M 1 A3 i
BWASE , F 0 B A« D PR Ak 25 B R AE 4]
Y ERAS 2 385 TG & 430 Ji T, nfEETE
SR 0.92 #2713 0. 95, FREE S bRl 0. 26
Mz 0. 21, BIRMEREAR, HERZT, EHK
BAR DX ] P 3 48 45 A e A% Wl 5 3 R Aok e
Z )5 F T REWE 4 iR,

Sy

4 ZHREEEEE

Fig.4 Radar Chart of Multiple Schemes Comparison
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&6 TOPSIS ML ERHFER
Tab. 6 TOPSIS Closeness and Ranking Results
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