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reliability assessment of pipeline systems, a three-level reliability evaluation model " component-segment-
pipeline network" was proposed for natural gas pipeline networks. First, the state equations of steel pipe
and weld units under different failure modes were established by analyzing the composition of the pipe
network line system. Combined with the Monte Carlo algorithm, the failure probability under different
failure modes was calculated. Based on fault tree analysis and the minimal cut set theory, a " component-
segment" level reliability model was developed, enabling the hierarchical reliability evaluation from
components to pipeline segments. Next, the GO method was applied to analyze the topological structure of
the pipeline network, and a structural reliability model at " segment-pipeline networ" level was
established. The structural reliability of the entire pipeline network was calculated and weak segments in
terms of reliability were identified rapidly. Finally, a case study was conducted to verify the accuracy and
applicability of the proposed model. The results show that the reliability of pipeline network systems is
positively correlated with pipe material strength and wall thickness, and negatively correlated with the
diameter-to-thickness ratio and internal pressure. Compared to high-grade pipelines represented by X80,

networks composed of lower-grade pipelines exhibit higher sensitivity to external factors, with their

reliability being more significantly affected by external disturbances.
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Fig.2 Fault tree model of line section failure
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Table 2 Detailed parameter table of pipe network

line system
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Fig.3 Pipe network line system division structure
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Table 3 Distribution parameters of corrosion defects
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