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Failure Probability Assessment of Gas Pipelines Cohsidering Wall-Thinning
Phenomenon

Sang-Min Lee’, Kang-Ok Yun', Yoon-Suk Chang’, Jae-Boong Choi" and Young-Jin Kim"

ABSTRACT

Pressurized gas pipeline is subject to harmful effects both of the surrounding environment and of the materials
transmitted in them. In order to maintain the integrity, reliable assessment procedures including fracture mechanics
analysis etc are required. Up to now, the integrity assessment has been performed using conventional deterministic
approaches even though there are many uncertainties to hinder a rational evaluation. In this respect, probabilistic
approach is considered as an appropriate method for gas pipeline evaluation. The objectives of this paper are to estimate
the failure probability of corroded pipeline in gas and oil plants and to propose limited operating conditions under
different types of loadings. To do this, a probabilistic assessment program using reliability index and simulation
techniques was developed and applied to evaluate failure probabilities of corroded API-5L-X52/X60 gas pipelines
subjected to internal pressure, bending moment and combined loading. The evaluation results showed a promising
applicability of the probabilistic integrity assessment program.
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Table 1 Basic input variables for PFM analysis

. API-5L-X52 API-5L-X60
Variable
7 Cv 7 Cv
Defect depth, d (mm) 3.0" 0.1 3.0" 0.1
Defect length, / (mm) 150 0.1 150" 0.1
Defect angle, 6/x 0.055" 0.1 0.055" 0.1
Quter diameter, D, (mm) 914 .4 3.02 9144 0.02
Thickness, ¢ (mm) 20.6 0.02 8.7 0.02
Yield strength, o, (MPa) . 358.0 0.07 413.0 0.07
Ultimate tensile strength, 6, (MPa) 455.0 0.07 517.1 0.07
Internal pressure, p,, (MPa) 15.6-27.3 - . 6.0-11.4 -
Bending moment, M, (kN-m) 3500-6500 - 1700-3100 -
" Defect geometry considering 30 years operation
ZAgFELL dAuBe 01 mmiyeard] @s:}%lﬂ’_‘é Mo0032 133 for—l-i->50 (4)
& (defect depth growth rate, V), 5.0 mm/year®] 2 g Dr Dt

7 o] A - E-(defect length growth rate, ¥}), 0.018 rad/year
o] A§ 24 A S (defect angle growth rate, V) A&
st 30d AV1FeE ARSFAGY
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A (2~DNA o= FEAE(yield strength)ol ™, D
o} ri= W@ AT FAol, dot 12 #ASE
oj9 AolE m g}

PCORRC 44 %3 7] F(plastic collapse criterion)
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(b) Bending moment vs. combined loading

Fig. 4 The comparison of prototypal failure probability
evaluation results for API-5L-X52 gas pipeline
with d=3.0 mm
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loading for API-5L-X60 with d=3.0 mm
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(b) Bending moment

Fig. 7 The comparison of prototypal failure probability
results for API-SL-X60 gas pipeline under
internal pressure according to operating time
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