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Abstract

In order to evaluate the integrity of nuclear power plant components, the analysis based on fracture
mechanics is crucial. For this purpose, finite element method is popularly used to obtain J-integral.
However, it is time consuming to design the finite element model of a cracked structure. Also, the
J-integral should be verified by alternative methods since it may differ depending on the calculation
method. The objective of this paper is to develop a three-dimensional elastic-plastic J-integral analysis
system which is named as EPAS program. The EPAS program consists of an automatic mesh generator
for a through-wall crack and a surface crack, a solver based on ABAQUS program, and a J-integral
calculation program which provides DI (Domain Integral) and EDI (Equivalent Domain Integral) based
J-integral calculation. Using the EPAS program, an optimized finite element model for a cracked
structure can be generated and corresponding J-integral can be obtained subsequently.
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Table 1 Material properties for SA312 TP316

Young's modulus, E

P 190
Yield strength, o, 138

SA312 (MPa)

TP316 Poisson's ratio, v 0.3

Ramberg-Osgood constant, @ 6.78

Strain hardening exponent, # 3.36
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Fig. 6 Comparison of verification results
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Table 2 Summary of cracked pipe geometry

Outer diameter
356
(mm)
Through-wall Thickness 35.7
cracked pipe (mm) )
Crack length
rack lengtl 99
(mm)
Outer diameter
145
(mm)
Thickness
6.6
Surface (mm)
cracked pipe Crack length 165
(mm) '
Crack depth
4.98
(mm)

Table 3 Analysis matrix for case studies

Crack Loading
Case | Crack Shape . . ..
Orientation Condition
Case 1 Bending
Case 2 Pressure
— | Through-wall | Circumferential ™ Bending
Case 3 +
Pressure
Case 4 Bending
Case 5 Pressure
E— Circumferential Bending
Case 6 +
Surface Pressure
Case 7 Bending
Case 8 Pressure
] Longitudinal Bending
Case 9 +
Pressure

(a) Through-wall crack

(b) Surface crack

Fig. 7 Three dimensional mesh design for cracked
area obtained from mesh generator
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