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Abstract

To address the issue of the ultimate bearing capacity of high-grade steel pipelines with corrosion
defects under the combined action of internal pressure and bending moment, a three-dimensional
nonlinear finite element model of an X80 pipeline was established. The influence patterns of pa-
rameters such as the diameter-to-thickness ratio, defect depth, length, and width on pipeline failure
behavior were systematically analyzed. The results indicate that as the diameter-to-thickness ratio
increases, the residual strength of the pipeline decreases linearly. The traditional ASME B31G cri-
terion, which does not account for the influence of bending moment, yields predicted values that
are 12%~18% higher. By introducing a correction factor for the diameter-to-thickness ratio, an im-
proved residual strength model was established, reducing the prediction error to 3%~5%. Among
the geometric parameters of defects, depth has the most significant impact on the ultimate bearing
capacity, with the ultimate bending strain decreasing by up to 47.6%. A bending strain prediction
model based on damage accumulation theory and regression analysis was developed, with a coeffi-
cient of determination (R?) of 0.96 and a validation error of 0.57%. The research findings provide a
theoretical basis for the safety assessment and maintenance of high-grade steel pipelines with cor-
rosion defects under complex loading conditions.
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Table 1. Basic parameters of the natural gas pipeline
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Figure 1. Schematic diagram of the pipeline geometry with corrosion defects
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Figure 2. Pipeline model with corrosion defects
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Figure 3. Schematic diagram of the finite element mesh division for the pipeline
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Figure 4. Stress contour of the pipeline under 0.125% bending strain
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Figure 5. Strain contour of the pipeline under 0.125% bending strain
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Table 2. Residual strength of pipelines with different diameter-to-thickness ratios under constant external load
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Figure 6. Relationship curve between diameter-to-thickness ratio and residual stren
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Figure 7. Error comparison between the modified model and the traditional model
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Figure 8. Effect of defect depth on the ultimate bending strain
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Figure 9. Effect of defect length on the ultimate bending strain
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Figure 10. Effect of defect width on the ultimate bending strain
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