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5. Probabilistic Elastic-Plastic Fracture Analysis of Circumferential Through-Wall-Cracked
Pipes Using the First-Order Reliability Method

by Tetsuya SASAKI*
Abstract: To prevent fractures of pressure vessels and pipes, which are widely used at industrial sites
like chemical plants, is essentially important to assure safety of workers and a neighborhood. Since frac-
tures of pressure vessels and pipes usually result from cracks contained in materials, any crack-like
defects have not been allowed to exist by regulations. However, it is more economical to continue to
operate plants ignoring small cracks contained in materials as long as they are not critical, and the recent
development of fracture mechanics has already made it possible to realize such damage tolerant opera-
tion. In making such economical and technical circumstance to be a background, so-called fitness-for-
service standards for pressure vessels and pipes have being developed in the United States, EU countries
and Japan. These fitness-for-service standards tend to adopt the two-parameter approach to evaluate
structural integrity of components with crack-like flaws. Some probabilistic methods have also been
developed to make quantitative assessments of structural reliability based on the two-parameter
approach because there exist a large amount of uncertainties in the assessment parameters. However,
most of them employ restricted numerical integration or tedious Monte Carlo simulation methods to cal-
culate failure probabilities, and it is difficult to efficiently assess the reliability of many components
included in the large-scale system using such methods. In this paper, making use of the first-order relia-
bility method (FORM) is suggested to efficiently and generally compute failure probabilities of circum-
ferential through-wall-cracked pipes subject to bending based on the two-parameter approach. The frac-
ture of a circumferential through-wall-cracked pipe is one of the most important fractures which must be
considered to ensure the plant safety. To confirm adequacy of employing FORM, the failure probabilities
are computed by FORM and Monte Carlo simulation methods considering uncertainties in major parame-
ters of the two-parameter approach such as crack size, tensional stress, yield stress and fracture tough-
ness. The results show that FORM provides satisfactory estimates for the wide range of fracture mechan-
ics parameters. The effect of a correlation of yield stress and fracture toughness on the failure probabili-
ty is also investigated. It is revealed that a positive correlation between yield stress and fracture tough-
ness results in the increase of the failure probability.
Keywords; Structural reliability, Failure probability, Two-parameter approach, Failure assessment dia-
gram, First-order reliability method, Monte carlo simulation, Importance sampling, Pipe
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Fig. 1 Evaluation of crack-like defect using a failure
analysis diagram.
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Fig. 2 Circumferential through-wall-cracked pipe
subject to bending.
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Table 1 Standard statistical properties of basic
variables.
EXZTHOBHEHIME
Variable Mean C.0.V. Distribution type
M 1.5 MNm 0.1 Lognormal
0/n 0.16 0.1 Lognormal
oy As shown in Table II 0.1 Lognormal
J1e As shown in Table II 0.1 Lognormal
Table 2 Mechanical properties of materials.
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Yield stress Ultimate Fracture
gy (MPa) strength toughness
oy (MPa) Jie (MPa)
Material 1 152 451 1060
Material 2 228 342 265
Material 3 380 494 118
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Fig. 3 Assessment points on the failure assessment
diagram.
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