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Buckling analysis of pipelines with multiple elliptical
defects in the axial direction
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Abstract: The defects of a submarine pipeline caused by laying, non—uniform seabed support and impact of
falling objects are often distributed in many places. In order to simplify the analysis, the buckling model of a
pipeline with multiple elliptical defects in the axial direction is generally simplified as the pipeline with uni-
form elliptical defects or the pipeline with a single local elliptical defect in the axial direction. However, there
are few studies on the differences of these three models and their application in engineering. Based on the nu-
merical simulation, this paper presents a study on the buckling and instability behavior of the pipeline with
three kinds of elliptical defects. The RIKS method was used to solve the buckling pressure of the pipeline,
and compared with the calculation results of DNV-0S-F101, focusing on the analysis of the excitation posi-
tion and influence parameters of the buckling and instability of the pipeline with multiple elliptical defects in
the axial direction. The results show that the buckling pressure of the pipeline model with different elliptical

defects is obviously different, and the order is the buckling pressure of the pipeline with uniform elliptical de-
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fects < the theoretical solution of DNV-0S-F101 < the buckling pressure of the pipeline with multiple ellipti-
cal defects < the buckling pressure of the pipeline with single local elliptical defects. For the buckling analy-
sis of the pipeline with multiple elliptical defects in the axial direction, if the pipeline model is simplified
with axial uniform elliptical defects, it is more conservative. However, if the pipeline model is simplified with
axial single local elliptical defects, it is more dangerous. Besides, the buckling pressure of the pipeline with
multiple elliptical defects is affected by the size of elliptical defects, the distance between elliptical defects
and the length of elliptical defects.

Key words: submarine pipeline; elliptical defect; buckling instability; RIKS method;

finite element analysis
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Fig.1 Section diagram of pipeline with elliptical defects
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Tab.1 Theoretical buckling pressure according to DNV-0OS-F101

W IR K /N (%) 1 2 3 4 5
Ji th % F1/MPa 10.95 9.50 8.44 7.61 6.94
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Fig. 5 Buckling modes of the pipeline with elliptical defects
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Tab.3 Buckling pressure of pipelines with uniform distributed elliptical
defects in axial direction
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Tab.4 Buckling pressure of pipelines with elliptical defects in single segment
in axial direction

1 B R /N (%) 1 2 3 4 5
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Fig.9 Pipeline with elliptical defects in multiple segments in axial direction
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Tab.5 Comparison of buckling pressures of pipelines
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Fig.10 Comparison of buckling pressures of pipelines

I B2 RN (% ) 1 2 3 4 5
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Tab.6 Relationship between buckling pressure and maximum ellipticity
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Tab.7 Effect of interval between elliptical defect segments on buckling
pressure of pipelines (3%, 3% and 3% models)
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Tab.8 Effect of interval between elliptical defect segments on buckling

pressure of pipelines (1%, 5% and 1% models)
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Tab.9 Effect of elliptical defect length on buckling pressure of pipelines
(3%, 3% and 3% models)
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Tab.10 Buckling pressure of pipelines with elliptical defects of different sizes

in axial direction
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Fig.11 Initial buckling location and modes of pipeline with elliptical defects in multiple
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