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Plastic Limit Pressure Solutions for Cracked Pipes Using 3-D
Finite Element Method

Do-Jun Shim, Nam-Su Huh, Yun-Jae Kim and Young-Jin Kim

Finite Element Analysis(f-3F2.2234]), Limit Pressure(3t 4 % 2), Through-wall Crack
(BF T Y), Surface Crack(EHA T E)

Key Words :

Abstract

Based on detailed FE limit analyses, the present paper provides tractable approximations for plastic limit
pressure solutions for axially through-wall-cracked pipe; axially (inner) surface-cracked pipe;
circumferentially through-wall-cracked pipe; and circumferentially (inner) surface-cracked pipe. In particular,
for surface crack problems, the effect of the crack shape, the semi-elliptical shape or the rectangular shape, on
the limit pressure is quantified. Comparisons with existing analytical and empirical solutions show a large
discrepancy in circumferential short through-wall cracks and in surface cracks (both axial and
circumferential). Being based on detailed 3-D FE limit analysis, the present solutions are believed to be the
most accurate, and thus to be valuable information not only for plastic collapse analysis of pressurised piping
but also for estimating non-linear fracture mechanics parameters based on the reference stress approach.
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E =FdME g4 A 2 A (elastic-perfectly-

Table 1 Cases considered in the present FE analysis

Crack type R/t alt P I:m P 8in
Uncracked pipe 5, 10, 20, 40 - - -
Axial through-wall crack 5,20 - 0.5,1,2,3 -
Axial semi-elliptical surface crack 5, 10, 20, 40 0.25,0.5,0.75, 0.9 0.5,1,2,3 -
Axial rectangular surface crack 5 0.5,0.75 0.5,1,2,3 -
Circumferential through-wall crack 5,20 - - 0.125,0.25,0.375,0.5
Circumferential semi-elliptical surface crack 5,20 0.1, 0.5,0.75, 0.9 - 0.1,0.4

Fig. 1 Geometries and dimensions for cracked cylinders
considered in the present work: (a) axially
through-wall-cracked pipe, (b) axially semi-
elliptical-(inner)  surface-cracked pipe, (c)
circumferentially through-wall-cracked pipe and
(d) circumferentially semi-elliptical-(inner) surface-
cracked pipe
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Fig. 2 Crack dimension and shape: (a) through-wall
crack, (b) semi-elliptical surface crack, and (c)
rectangular surface crack
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Fig. 3 Typical finite element meshes employed in the
present work: (a) axially through-wall-cracked
and (b) axially semi-elliptical-surface-cracked

pipe
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1.2 O Present FE results
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Fig. 5 Comparison of the plastic limit pressure solutions
for axially through-wall-cracked pipes under
internal pressure (Fig. 1a)
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Fig. 6 Comparison of the plastic limit pressure solutions
for axially semi-elliptical-surface-cracked pipes
under internal pressure (Fig. 1b)
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