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Buckling Analysis of Pipelines with Reduced Cross Section

ABSTRACT

This paper proposes a theoretical solution of elastic critical buckling load of infinitely long pipelines with non-uniform thickness under
external pressure. The non-uniform cross section of pipelines can be considered as corroded or stiffened pipelines so that this paper can
be a fundamental research of pipelines that are essential technology for offshore industries. The theoretical solution of pipelines with
non-uniform thickness is derived with an assumption that a cylindrical shell under external pressure can be considered as a simple ring.
The eigenfunctions are derived to obtain the critical buckling load. The reduced thickness and the reduced range are considered as
variables in parametric analysis. The finite element analysis is performed to verify the theoretical solutions and the results of the analytic
method and the finite element method are in good agreement.
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Fig. 1. Ring under uniform external pressure
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Fig. 2. Ring with one thickness-reduced region
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Table 1. Properties of analysis model

Radius, £ (mm) 304.8
Thickness, ¢ (mm) 31.9

Elastic modulus, £ (GPa) 206.8
Poisson ratio, v 0.3
Yielding stress, o, (MPa) 410

Fig. 8. Finite element model for a pipeline

FAZE 2R Bl 0] o] 2200 o3t ekt ks
afAo) ofgt =slag A et G Red tis) 2
Bl =g

Tables 4 and 59 F Tl TP 7 Tjo]L 29
o|&2lel| 93t H=3EH Fea A ot =g Ul
Reol Aoy med el 24t Blaskgith

Tables 2, 3, 4, and 55 AR, AR =X F 727}
7 2 7499 10% o)de] Qx| YA, o] & A|2lshd

Vol.33 No.3 May 2013 871



SHGAS ERE go|zof ol w7t A

Table 3. Comparison of buckling loads for ring with one
thickness-reduced region — Antiymmetric mode (Unit:

MPa)

20 Comparison Atft
0 | 02 | 04 | 06 | 08
P, (Proposed) | 65.13 | 58.83 | 4317 | 21.07 | 646
30' | 2, (FEM) 65.13 | 58.85 | 4335 | 21.29 | 643
Error (%) 0.00 | 0.03 | 042 | 1.03 | 047
P, (Proposed) | 65.13 | 47.85 | 31.41 | 1728 | 556
60" | 2, (FEM) 65.13 | 47.96 | 31.57 | 17.86 | 585
Error (%) 0.00 | 023 | 051 | 325 | 4.9
(a) Symmetric mode P, (Proposed) | 65.13 | 46.73 | 2832 | 1035 | 1.51
90 | 2, (FEM) 65.13 | 46.82 | 2848 | 1047 | 1.60
Error (%) 000 | 019 | 056 | 115 | 563
P, (Proposed) | 65.13 | 4123 | 19.81 | 645 | 093
120°| 2, (FEM) 65.13 | 4135 | 1995 | 630 | 098
Error (%) 0.00 | 029 | 070 | 238 | 5.10
P, (Proposed) | 65.13 | 34.88 | 1508 | 452 | 057
150°| 2, (FEM) 65.13 | 3502 | 1520 | 457 | 057
Error (%) 0.00 | 040 | 079 | 1.09 | 0.00

Table 4. Comparison of buckling loads for ring with two thickness-

(b) Antisymmetric mode reduced regions — Symmetric mode (Unit: MPa)
Fig. 9. Mode shape of buckling . Atft
406 Comparison
0 0.2 0.4 0.6 0.8
Table 2. Comparison of buckling loads for ring with one thickness- P (Proposed
reduced region - Symmetric mode (Unit: MPa) o (Proposed) | 65.13 | ST.11 | 3440 | 1907 | 801
; 15" | P, (FEM) 65.13 | 51.70 | 37.25 | 21.11 | 9.03
At/t
203 Comparison Error (%) 0.00 1.14 7.65 9.66 11.30
0 0.2 0.4 0.6 0.8
P, (Proposed) | 65.13 | 47.17 | 31.39 | 18.24 | 4.44
P, (Proposed) 65.13 | 55.51 | 46.17 | 33.88 | 6.21 i
. 30" | 2, (FEM) 65.13 | 48.27 | 33.41 | 20.10 | 5.08
30" | 2, (FEM) 65.13 | 55.84 | 47.21 | 35.11 7.03
Error (%) 0.00 2.28 6.05 9.25 | 12.60
Error (%) 0.00 0.59 2.20 3.50 | 11.66
P, (Proposed) | 65.13 | 46.87 | 30.41 | 13.78 | 3.01
P, (Proposed) | 65.13 | 53.20 | 34.24 | 12.86 | 1.83 .
. 45" | P, (FEM) 65.13 | 48.00 | 32.31 | 14.84 | 3.40
60" | 2, (FEM) 65.13 | 5339 | 3445 | 13.18 | 1.96
Error (%) 000 | 235 | 588 | 7.14 | 1147
Error (%) 0.00 | 036 | 0.61 | 243 | 6.63
P, (Proposed) | 65.13 | 44.76 | 24.87 | 8.82 1.18
P, (Proposed) | 65.13 | 43.40 | 22.50 | 829 | 130 ]
. 60" | P, (FEM) 65.13 | 4542 | 2595 | 9.36 1.26
90" | P, (FEM) 65.13 | 43.57 | 23.10 | 8.78 | 1.40
Error (%) 0.00 1.45 4.16 5.77 6.35
Error (%) 0.00 0.39 2.60 5.58 7.14
P, (Proposed) | 65.13 | 39.29 | 18.60 | 5.87 0.75
P, (Proposed) 65.13 | 39.60 | 20.83 | 7.81 1.10 .
. 75" | P, (FEM) 65.13 | 39.56 | 1890 | 6.01 0.77
120°| P, (FEM) 65.13 | 40.00 | 21.84 | 8.61 1.22
Error (%) 0.00 0.68 1.59 2.33 2.60
Error (%) 0.00 1.00 4.62 9.29 9.84
P, (Proposed) | 65.13 | 3847 | 1831 | 582 | 0.75
150"| P, (FEM) 65.13 | 38.73 | 1861 | 596 | 0.77 RE 715154 4 2 IR tEs] olE29] A} S35t
Error (%) 0.00 | 0.67 | 1.61 | 235 | 2.60 [as)4 At A 2L ghs JERASICH
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Table 5. Comparison of buckling loads for ring with two thickness-
reduced regions — Antisymmetric mode (Unit: MPa)

453 Comparison A/t
0 0.2 0.4 0.6 0.8
P (Proposed) | 65.13 | 63.29 | 57.72 | 36.67 | 6.21
15° | P, (FEM) 65.13 | 6324 | 57.68 | 37.00 | 6.39
Error (%) 000 | 008 | 0.07 | 0.89 | 2.82
P, (Proposed) | 65.13 | 54.03 | 3426 | 12.77 | 1.73
30" | 2, (FEM) 65.13 | 54.07 | 3538 | 1291 | 1.76
Error (%) 0.00 | 0.07 | 0.87 1.08 1.70
P, (Proposed) | 65.13 | 43.28 | 21.59 | 6.96 0.89
45" | P, (FEM) 65.13 | 4340 | 21.73 | 7.03 0.91
Error (%) 0.00 | 028 | 0.64 1.00 2.20
P, (Proposed) | 65.13 | 36.62 | 1631 | 4.97 0.63
60" | 2, (FEM) 65.13 | 36.76 | 1644 | 5.02 0.63
Error (%) 0.00 | 038 | 0.79 1.00 0.00
P (Proposed) | 65.13 | 33.81 | 14.38 | 4.28 0.54
75" | P, (FEM) 65.13 | 3395 | 1449 | 432 0.54
Error (%) 0.00 | 041 0.76 | 0.93 0.00
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