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Calculation method of oil-gas pipeline failure pressure

with localized corrosion
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(1. College of Pipeline and Civil Engineering in China University of Petroleum, Qingdao 266580, China;
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Abstract: A method to calculate failure pressure of oil-gas pipeline with localized corrosion defects was established based on
stress concentration theory and the numerical simulation data. This method was used to assess the impacts of radius of local-
ized corrosion and localized corrosion depth on oil-gas pipeline failure pressure. The reliability of evaluating the localized cor-
rosion with the non-linear finite element method was also validated. Compared with existing calculation methods, the calcula-
tion method introduced has both small error and evenly distributed error in calculating oil-gas pipeline failure pressure, there-
fore, it meets the requirements of predicting oil-gas pipeline failure pressure with localized corrosion defect.
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Fig.1 Localized pipeline corrosion picture
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Fig.2 Finite element model of pipelines with

corrosion defects
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Fig.3 Changes of equivalent stress with internal

pressure in different analysis model
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Table 1 Corrosion defect size of pipeline

W% r/mm g ||FS W% n/mm g | FE W% /om g ||FE W% r/mm B
1 1.69 0.1 18 2.82 0.9 35 6.77 0.8 52 33.85 0.4
2 1. 69 0.2 19 4.51 0.1 36 6.77 0.9 53 X65 33.85 0.5
3 1. 69 0.3 20 4.51 0.2 37 11.28 0.1 54 33.85 0.6
4 1. 69 0.4 21 4.51 0.3 38 11.28 0.2 55 33.85 0.7
5 1.69 0.5 22 4.51 0.4 39 11.28 0.3 56 2 0.3
6 1. 69 0.6 23 4.51 0.5 40 11.28 0.4 57 4 0.4
7 1.69 0.7 24 4.51 0.6 41 11.28 0.5 58 <60 8 0.4
8 1. 69 0.8 25 4.51 0.7 42 11.28 0.6 59 5 0.5
9 X65 1. 69 0.9 26 X65 4.51 0.8 43 X65 11.28 0.7 60 6 0.6
10 2.82 0.1 27 4.51 0.9 44 11.28 0.8 61 12 0.6
11 2.82 0.2 28 6.77 0.1 45 11.28 0.9 62 2 0.3
12 2.82 0.3 29 6.77 0.2 46 18. 05 0.3 63 2 0.4
13 2.82 0.4 30 6.77 0.3 47 18. 05 0.4 64 X80 8 0.4
14 2.82 0.5 31 6.77 0.4 48 18.05 0.5 65 3 0.5
15 2.82 0.6 32 6.77 0.5 49 18.05 0.6 65 3 0.6
16 2.82 0.7 33 6.77 0.6 50 18. 05 0.7 67 8 0.6
17 2.82 0.8 34 6.77 0.7 51 33.85 0.3
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Table 2 Pipeline specifications

M SMEEEAR/mm o BER/mm JRAREREE/MPa BURISRIE/MPa BPEBIEL/CPa PN BEMLREC REEAE K
X60 508 14.8 478 600 206 0.3 0.66 15

X65 355.6 15.9 453.2 695 206 0.3 5.2 6.5
X80 459 8 589 731 200 0.3 2.2 12
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Table 3 Comparison between nonlinear finite element calculation results and experimental data

fem e SR 7
e g O e R BRY e,
F£/MPa £ /MPa SME/ RERL/ KB/ RE/ Pin/ MPa MPa
mm mm mm mm
1 323.34  8.64 63.5 2.16 24.37 22.18 -9.0
2 323.09 8.59 20.3 2.97 23.11 21.18 -8.4
3 X46 356. 4 469. 29 323.09 8.64 60.96  2.69 25.23 22. 64 -10.3
4 323.09 8.53 50.8 2.18 21.56 20.28 -5.9
5 762 17.5 100 8.8 24.3 24.6 1.2
6 X80 589 731 459 8 40 3.75 24.2 23.62 -2.4
7 601 684 457 8.1 39.6 5.39 22.7 21.53 -5.2
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Fig.4 Effect of localized corrosion defect depth and diameter on failure pressure of oil and gas pipeline
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Table 4 Analysis results of 4 kinds of evaluation norms and nonlinear finite element method MPa
& 1E -RP-F Vs 53 B IE F -RP-F & 827
7 BJ?(EE l[il/?Pa » \1/0}1{l ' PCORRC Z\(;(‘ %é% P B’;?(,E/ ?/?Pa B \vl/Otl{l ' PCORRC Z%:Z\. Jﬁ;‘ﬁ{;%
1 46.77 65. 06 62. 12 56. 46 56. 68 35 45.8 63.79 59. 98 53.24 52. 64
2 46.77 65. 06 62. 08 56. 12 55.8 36 45.3 62. 26 58.72 52.70 51.96
3 46.76 65. 05 62. 04 55.70 55.32 37 46. 66 64. 96 61.94 56. 39 56. 68
4 46.76 65. 05 61.99 55.20 55.1 38 46.52 64. 84 61.7 56. 08 56. 05
5 46.75 65. 04 61.93 54. 61 55.03 39 46. 34 64. 68 61.42 55. 60 55.18
6 46. 74 65.03 61. 86 53.95 54.76 40 46. 13 64. 47 61.1 54.98 55
7 46.73 65. 01 61.76 53.22 54.73 41 45. 86 64. 18 60. 72 54.21 54. 04
8 46.71 64. 98 61.6 52.43 54.58 42 45.49 63.75 60. 24 53.31 53.2
9 46. 68 64. 88 61.28 51.59 54. 46 43 44.98 63.05 59.58 52.30 52. 64
10 46.77 65. 05 62.1 56.74 56. 36 44 44.23 61. 69 58.58 51.19 51. 15
11 46.76 65. 05 62. 04 56. 54 55.8 45 42.98 57.93 56. 56 49.99 50.22
12 46.75 65. 04 61.97 56. 30 55.52 46 45.75 64. 13 61 54.30 54.98
13 46.73 65.02 61. 89 56.03 54.99 47 45.25 63. 62 60.5 53.63 54. 15
14 46.71 65 61.79 55.72 54.93 48 44. 62 62.93 59.9 52.82 52. 64
15 46. 69 64.98 61. 66 55.38 54. 64 49 43.8 61.91 59. 14 51. 88 52.48
16 46. 65 64.93 61.49 55.00 54.31 50 42. 68 60. 29 58.12 50. 84 51.34
17 46.6 64. 83 61.23 54.59 53.7 51 43.99 62.23 60. 05 53.78 54. 15
18 46.51 64. 55 60. 7 54.16 53.85 52 42.7 60. 76 59. 14 52.40 52.64
19 46.75 65. 04 62. 06 56.20 56. 68 53 41. 14 58. 82 58. 05 50.90 51.69
20 46.73 65.02 61.97 55.92 55.76 54 39.21 56. 13 56.7 49.29 49.42
21 46.7 65 61. 86 55.63 55.5 55 36.77 52.16 54. 89 47.61 48. 14
22 46. 67 64.96 61.73 55.32 55.09 56 31.91 36 34.9 31.49 33.36
23 46. 62 64.92 61.57 55. 00 54.27 57 31.88 35.98 34.78 30. 67 32.88
24 46. 56 64. 84 61.37 54. 68 54.17 58 31.75 35.88 34.6 30.52 32.71
25 46. 47 64.72 61.11 54.34 53.28 59 31.82 35.94 34. 65 30. 38 32.28
26 46.33 64. 49 60. 69 53.99 53. 14 60 31.73 35.85 34. 46 30. 09 31.79
27 46. 1 63.78 59. 84 53. 64 52. 64 61 31.17 35.39 33.97 29. 80 31.36
28 46.73 65.02 62.02 56.21 56.8 62 27.9 20. 89 20. 48 23.25 24. 04
29 46. 68 64. 98 61. 88 55. 89 56. 06 63 27.9 20. 89 20. 45 23. 11 23.44
30 46.61 64.92 61.71 55.53 55.8 64 27.62 20.75 20.23 22.02 22.77
31 46.53 64. 84 61.52 55.13 55.05 65 27.85 20. 86 20. 37 22.52 23.29
32 46. 43 64. 74 61.29 54.71 54.94 66 27.83 20. 85 20. 32 22.34 22.77
33 46.29 64. 58 60. 99 54.25 54. 06 67 27.31 20.57 19.97 21.76 22.08
34 46. 1 64. 31 60. 59 53.76 53.73
5&&?%%%Nﬁ%¥ﬂﬁﬁﬂﬂiﬁixm% 14.88%  16.34%  11.73%  1.55% 0
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