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Abstract

To accurately assess the safety of dent defects in X80 natural gas pipelines and overcome the limi-
tations of traditional empirical criteria (H/D), this paper establishes a full-process finite element
model that simulates the formation of a dented pipe and its subsequent recovery under internal
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pressure. The nonlinear Ramberg-Osgood constitutive model was adopted to describe the elasto-
plastic behavior of X80 steel, and a failure criterion of 10% equivalent plastic strain (PEEQ) was
applied to conduct a safety evaluation on a ®1422 x 32.1 mm pipeline. The results show that when
the dent depth reaches 15% D, the maximum plastic strain is as high as 52.76%, far exceeding the
allowable limit. The study further demonstrates that, under high-pressure, large-diameter X80 pipe-
line conditions, the critical dent depth is only 1.7% D, which is significantly lower than commonly
used empirical values. This research provides a scientific and reliable numerical evaluation para-
digm for the integrity management of in-service high-strength steel pipelines and offers a crucial
quantitative basis for pipeline inspection, maintenance, and decision-making.
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Table 1. Boundary condition settings of the finite element model
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Figure 1. Boundary conditions of the dented-pipe model
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Table 2. Mechanical properties of X80 pipeline steel
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Table 3. Chemical composition of X80 pipeline steel (wt.%)
7= 3. X80 BEL ML FERBT (RESTH, %)

M Cu Ni Mn Mo Si C Nb + V + Ti
X80 0.24 0.252 0.179 0.241 0.152 0.063 0.04
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Figure 2. Schematic of dent formation and loading path
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Figure 3. Mesh discretization schematic
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Figure 4. Contour of equivalent plastic strain (PEEQ) in the dent region for a dent depth of 15% D
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Figure S. Peak equivalent plastic strain (PEEQ) versus dent depth (H/D)
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Table 4. Maximum equivalent plastic strain and safety assessment under different dent depths
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Figure 6. Local magnification of the limit dent depth region
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