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Abstract: Thick-walled pipelines are widely used as transmission pipes for (ultra) deepwater petroleum and
natural gas, and buckle arrestors for shallow water pipelines. However, the current international authoritative
regulations may underestimate their ultimate bearing capacity significantly so that their economy and safety

are hot topics in industrial circles. After deriving the calculation formula of vector form intrinsic finite
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element (VFIFE) method solid element, an analysis model of thick-walled pipelines considering the
nonlinearity of geometry, material and boundary was established to solve the key mechanical problem of local
collapse of thick-walled pipelines. And its accuracy was verified by comparison with 8 sets of thick-walled
pipe scale tests, the DNV code, and ABAQUS simulations. Sensitivity analysis of diameter-to-thickness ratio,
initial ovality and material yield strength were carried out to quantify the calculation errors of the DNV code
method. Then, a more accurate formula for calculating the local collapse pressure of thick-walled pipes was
obtained by fitting the VFIFE results. The results show that the simulation results of the VFIFE constant
strain tetrahedral element are in line with the actual situation and can provide a new analysis strategy for the
collapse behavior analysis of thick-walled pipelines. However, attention should be paid to determining the
maximum load rate under the requirement of the quasi-static loading. Under high external pressure, the
pipeline will collapse locally and propagate buckle dynamically and the deformation of the pipe section
changes from an ellipse to a "dumbbell" shape with certain folds on the inner wall. During local collapse, the
change trend of the stress distribution conforms to the general features of solid structure buckling instability.
The calculation error of the DNV code of thick-walled pipelines’ local collapse pressure increases with the
decrease of the diameter-to-thickness ratio, the decrease of the initial ovality, and the increase of the material
yield strength respectively. The corrected formula for local collapse pressure calculation of thick-walled
pipelines has a fitting error of —2.49%-~1.72% for homologous data and a calculation error of —6.11%~1.70%
for heterologous data. It can accurately calculate the local collapse pressures of deepwater pipelines with
diameter-to-thickness ratio of 8~18, initial ovality of 0.5%~3.0%, and material yield strength of 300~
500 MPa. The results can be used to guide the design and verification of submarine thick-walled pipelines.

Key words: deepwater thick-walled pipeline; vector form intrinsic finite element method; solid element;

collapse test; local collapse; buckle propagation
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Tab.1 Geometric and material parameters of pipe samples
i D/mm t/mm Aol% E/GPa U Ac_s/MPa Be_s/MPa Ne.s
R1 75.82 6.31 0.66
R2 76.04 6.32 0.62
193 0.3 257.22 563.60 0.44
R3 75.70 5.97 0.47
R4 75.70 6.00 0.55
R5 51.50 3.15 0.35
R6 51.50 3.15 0.56
193 0.3 348.05 692.80 0.44
R7 51.50 3.15 0.61
R8 51.00 3.10 0.68
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Tab.2 Comparison between VFIFE and other methods of collapse pressure results

BT DI/t Pevrre(MPa) }T“@%lﬁﬁn ABAQUSQ DNV o
Petes (MPa) TRZE(%) Perev(MPa) (%) Peonv (MPa) R2E(%)

R1 12.02 51.60 50.96 1.26 49.87 3.47 40.82 26.41
R2 12.03 52.20 51.27 1.81 49.95 4.50 40.88 27.69
R3 12.68 49.62 48.53 2.25 47.28 4.95 39.11 26.87
R4 12.62 49.54 48.66 1.81 47.25 4.85 39.08 26.77
RS 16.35 46.14 46.33 -0.41 44.48 3.73 40.54 13.81
R6 16.35 44.58 44.49 0.20 42.87 3.99 39.42 13.09
R7 16.35 44.12 44.76 —-1.43 42.49 3.84 39.17 12.64
R8 16.45 43.75 46.51 -5.93 41.99 4.19 38.52 13.58
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Fig.13 Parameter sensitivity analysis of pipeline collapse pressure
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Tab.3 Parameters in empirical equation of thick pipeline

S50 a, a as as
A 1.9362 -0.2358 ~0.0460 -0.0147
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WATHBIE, HE5 R Y VFIFE 25 AR E #EIT . 1EJEE 77 20~180 MPa 22 ], 20 (14) B &R 20
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Fig.14 Accuracy analysis of the modified formula
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