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External Force Fault Location Method and Closed-Loop Operation and
Maintenance Strategy for Communication Transmission Lines—Based on
Municipal Construction Scenarios
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Abstract : Municipal projects such as urban renewal, road reconstruction, and rainwater and sewage diversion
continue to advance. External force damage caused by construction machinery excavation, subgrade
compaction, and pipeline crossing operations has become the primary cause of communication cable
interruptions in urban areas. According to the three—year operation and maintenance ledger statistics of
China Unicom's county—level lines, line failures caused by municipal construction account for 62.7% of the
total annual failures, frequently resulting in large—scale interruptions of 5G bearer networks, government and
enterprise private lines, and public broadband, directly affecting the stability of government and people's
livelihood communications and increasing the pressure on operation and maintenance compensation. The
long—term passive repair mode adopted by grassroots communication operation and maintenance faces
issues such as slow fault localization, blind troubleshooting, irregular repair processes, and incomplete
hidden danger treatment, making it difficult to adapt to the complex scenarios of municipal multi-point
cross construction. This paper combines the actual work of front-line external line maintenance for Lingshi
Unicom in Jinzhong, Shanxi Province, systematically analyzes the types and causes of cable failures in
municipal construction, and addresses the shortcomings of traditional operation and maintenance. Relying
on OTDR detection technology and dynamic ledger management, it constructs a rapid fault localization
method and establishes a closed-loop maintenance system integrating hidden danger prediction, precise
localization, hierarchical repair, quality review, traceability and accountability, and long—term prevention
and control. Through a half-year pilot application from April to October 2025 in the rainwater and sewage
diversion reconstruction project of Xinjian Street in Lingshi County, this strategy can compress the average
fault localization time by 75%, shorten the overall repair time by 44.8%, and reduce the recurrence rate of
failures by 66.2%. The research results can effectively improve the quality and efficiency of county—level
communication line operation and maintenance, providing practical references for grassroots operators in
pipeline protection and collaborative operation and maintenance between government and enterprises.

Keywords : municipal construction; external force damage; communication transmission lines; OTDR
fault location; closed-loop maintenance; optical cable operation and maintenance
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