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Research on residual strength of subsea pipelines with point corrosion under internal pressure
WANG Qi
(Sinopec Shanghai Offshore Oil and Gas Company, Shanghai 200120, China)

Abstract: During operation, subsea pipelines are affected by the internal medium, resulting in corrosion defects of varying degrees on the
inner surface, which reduce the pressure—bearing capacity and may lead to pipeline rupture or even leakage. Analysis of subsea pipeline
corrosion failure cases has shown that point corrosion is more common than uniform corrosion. However, current corrosion assessment
standards and specifications mainly target uniformly corroded subsea pipelines of medium to low strength, and a comprehensive evaluation
system for point corrosion has not yet been established. A corrosion pipeline model was established using nonlinear finite element analysis,
and the results were compared with those from blasting experiments. The comparison indicated that this method produced more stable results
with less variation in error than those based on standard specifications. A subsea pipeline made of X60 steel in the East China Sea was
selected as the research object, and single and double point corrosion pipeline models were established using Abaqus software. The failure
modes and processes under internal pressure were analyzed, along with the effects of parameters such as corrosion depth, corrosion diameter,
and double point corrosion axial spacing on the residual strength of the pipeline. The calculation results showed that pipelines with point
corrosion failed as a whole, with the inner layer nodes at the corrosion site showing the fastest stress variation and yielding first. The
equivalent stress at these inner layer nodes was significantly higher than that at the middle and outer layer nodes. Corrosion depth and
diameter jointly affected the residual strength of point corrosion pipelines. As these two factors increased, the failure pressure of double point
corrosion pipelines gradually decreased, with increasingly pronounced changes. In addition, the failure pressure of double point corrosion
pipelines was positively correlated with axial spacing, with a significant impact on failure pressure when the spacing was small. As the
spacing increased, the failure pressure of the pipeline gradually stabilized. The research results can provide guidance for accurate evaluation
of the residual strength of corroded subsea pipelines in the East China Sea, and lay a theoretical foundation for corrosion protection and
safety assessment of pipelines in this region.
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Fig. 3  Comparison of failure pressure calculation errors
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Table 1 Comparison of pipeline failure pressure results
- -
PR L LR P foi’_“ﬁ; o IR
SRIE/MPa BEJE/MPa mm  mm g kg EJ/MPa P > ) ' T/ MPa
G PRI %
1 X46 3564 469.3  323.09 859 297 2030  23.11 22.22 25.34 24.09 21.74
2 X46 356.4 469.3 323.09 8.64 2.69 60.96 25.23 20.80 24.06 23.02 22.82
3 X46 3564 469.3  323.09 853 218 5080  21.56 21.25 24.45 23.38 20.11
4 X46 3564 469.3 32334 8.64 216 6350 2437 21.17 24.40 23.42 22.06
5 X46 356.4 469.3 762.00 17.50 8.80 100.00 24.30 17.28 20.05 18.97 24.37
6 X80  589.0 731.0  459.00 8.00 3.75  40.00  24.20 21.33 24.60 23.31 23.47
7 X80  601.0 684.0 45700 8.10 539  39.60  22.70 20.75 22.06 20.68 21.38
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