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Abstract

This paper provides the methods to estimate the burst pressures of the pipes with defects, based on
finite element analyses. FE codes are frequently adopted for the simulations of the burst tests of the
pipes with defects. However, those do not give the burst pressure directly. Because the post-processing
should be followed; determination of the fracture strains in accordance with triaxialities, monitoring the
strains of pipes, etc. In the present work, these efforts are implemented in the user subroutine
UHARD within the general-purpose FE code, ABAQUS. Four fracture criterions are introduced to
estimate the burst pressure of pipes, and a simple fracture strain estimate is also developed. FE
analyses for the pipe with gouge and corrosion are performed, and the results are compared with the

experiment results.
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Fig. 1 True Stress-Strain curve for APl X65, used
in the present FE analysis
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Fig. 2 True fracture strains (equivalent strain to
fracture) as a function of stress triaxiality
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Fig. 3 FE mesh for tension test specimen
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Fig. 4 Tension test simulations of API X65,

compared with the experimental results

307



BRI olof Wig 7] o & Wk 2g
olo] W& A3 XFZ Thl. 1 o L9519
wol o] AF7 &= dolx Thl. 1 o A

ow  FA@M)E 17.5mm o|tt. FIFHeA =
AA F4e mEste] U4 Ax2AS A8
on, Ao ALLH 24E 20 A 54FL
(C3D20R)E AH&3tSith v W9 st52 U

o Jlatgom, AR wjTe] oF Eho|
A8 AAZAY FFL 718 FUu w=o
FgEojelel FEFT 2WNES w198 o

1

N

&im

Sborlo (B o ff oz B XM orlo md 2o

g el or 33k o, 7 (necking) ¥}
¢l =A% dAztLe] o3 FAlE 1

Fig. 5 Schematic illustrations for pipes with gouge

Fig. 6 A typical FE mesh for pipes with gouge

Table 1 Summary of full-scale tests of pipes with
gouge defect.

pipe Do L dt |
no. (mm) (mm) (mm)
MNA 100
MNB 200
MNC 762 2300 0.5 300
MND 400
MNE 600
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Fig. 7 Comparison of experimental burst pressure
for pipes with defect with the FE results :
(@) Modell, Model2, (b) Model3, Model4
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Fig. 9 A FE mesh for pipe with the simulated
corrosion defect

Table 2 Summary of full-scale tests of pipes with
corrosion defect.

pipe Do L | c o/
no. (mm) | (mm) | (mm) | (mm) !
DA 200 50 0.25
DB 200 50 0.5
DC 200 50 0.75
LA 762 2300 100 50 0.5
LC 300 50 0.5
CB 200 100 0.5
CC 200 200 0.5
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Fig. 10 Comparison of experimental burst pressure
for pipes with defect with the FE results :
(&) Modell, Model2, (b) Model3, Model4

A

R

I AR oA R/ S I s R e
< 483k Model 40 thgh 7}9-#] 2} F-2] 9
-5 s 2z g

(ductile fracture)ol] <]3+ 3}

&£l Wk, R
¢ &A% (plastic collapse)ell 3+ 1}

R

Ho=EdAE AR 55 AIHed 7
% P E BdS 717 g2 4 Eshd,
A wfjel Aol A el Bud ghdhebal
L3 AHgd 4 e WHS AAEY 1A
Az FAMFESL AFSH] BAE e
W o R Ak, Y] Ao HAME 9 It
AP ES At dAS Fdsglnh 183
EARJAAE S T HEE 2, o 7h9A
of F2alo] Asglo] gl A wjge] HEAA =
HES SAToEA, AAE S P E
of st AHgHF 7t AoiA el S HAE3
Hokth whebx AgAIel wluste] H4H
A s dHoEA AAR] FHIG A
of &3t 48 ° 5 S A= Hlt

(1) Oh, C. K., Kim, Y. J, Park, J. M., Beak, J.
H., and Kim, W. S., 2005, "Development of
Stress-Modified  Fracture  Strain  Criterion  for
Ductile Fracture of APl X65 Steel," Trans. of the
KSME (A), Vol. 29, No. 12, pp. 1621~1628.

(2) C. K. Oh, Y. J. Kim, J. H. Beak, Y. P. Kim,
and W. S. Kim, 2007, "Ductile failure analysis of
APl X65 pipes with notch-type defects using a
local fracture crierion,” International Journal of
Pressure Vessels and Piping, Vol. 84, pp.
512~525.

(3) Gurson AL., 1977, "Continuum theory of
ductile rupture by void nucleation and growth-yield
criteria and flow rules for porous ductile media,"
Journal of Engineering Materials and Technology,
Vol. 99, pp. 2~15.

(4) Bao Y. 2005, "Dependence of ductile crack
formation in tensile test on stress triaxiality, stress
and strain ratios,” Engineering Fracture Mechanics,
Vol. 72, pp. 505~522.

(5) C. K. Oh, Y. J. Kim, J. H. Kim, 2006, "Effect
of Pre-Strain on Integrity Assessment of Gas
Pipeline Based on Finite Element Analysis" Korea
Gas R&D Division, pp. 28~39, 83~110.

(6) Hibbitt, Karlson & Sorensen, Inc., 2006,
ABAQUS Version 6.7., "User's manual".

310



	Text1: 대한기계학회 2008년도 추계학술대회 논문집


