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Ductile Failure Analysis of Defective API X65 Pipes Based on Stress-Modified
Fracture Strain Criterion

Chang-Kyun Oh, Yun-Jae Kim, Jong-Hyun Baek, Young-Pyo Kim and Woo-Sik Kim
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Abstract

A local failure criterion for the API X65 steel is applied to predict ductile failure of full-scale API X65
pipes with simulated corrosion and gouge defects under internal pressure. The local failure criterion is the
stress-modified fracture strain for the API X65 steel as a function of the stress triaxiality (defined by the ratio
of the hydrostatic stress to the effective stress). Based on detailed FE analyses with the proposed local failure
criteria, burst pressures of defective pipes are estimated and compared with experimental data. The predicted
burst pressures are in good agreement with experimental data. Noting that an assessment equation against the
gouge defect is not yet available, parametric study is performed, from which a simple equation is proposed to
predict burst pressure for API X65 pipes with gouge defects.
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Fig. 2 Pipe with a simulated corrosion defect
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Fig. 3 Test set-up of full-scale burst test for pipes; (a)
defect (b) failure

Fig. 4 A FE mesh for pipe with the simulated corrosion
defect
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Fig. 5 True stress-strain data for API X65, used in the
present FE analysis
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Table 1 Summary of full-scale tests of pipes with
corrosion defect

Pipe ! c dit Pop PoredPexp
no. (mm) | (mm) (MPa)

DA 200 50 0.25 24.11 1.025
DB 200 50 0.5 21.76 1.044
DC 200 50 0.75 17.15 1.035
LA 100 50 0.5 2430 1.025
LC 300 50 0.5 19.80 1.042
CB 200 100 0.5 23.42 0.967
cC 200 200 0.5 22.64 0.989

30

DB (I=200mm, ¢=50mm, d/=0.5)

Burst pressure
25

2o£ ’

Failure

Pressure (MPa)

5 © Equation (1)
X Equation (2)
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Radial displacement (mm)

Fig.6 A typical FE load-radial displacement record for
pipes with simulated corrosion defects with failure
points predicted from the present approach

Fig. 7 Deformed shape in the defective region for pipes
with simulated corrosion defects
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Fig. 10 A typical finite element mesh for pipes with
gouge

Table 2 Summary of full-scale tests of pipes with gouge

defect

Pipe | . | ! PoredPep | Pored/ Pesp

no. (mm) Eq.(1) | Eq.(2)
MNA | 05 | 100 | 2468 | 0979 0.983
MNB | 05 | 200 | 2248 | 0.960 0.973

Pep*
(MPa)

MNC | 0.5 300 17.70 1.103 1.117
MND | 0.5 | 400 18.14 1.003 1.011
MNE | 0.5 600 16.57 1.020 1.021
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