Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2013.14.7.3121
cooperation Society
Vol. 14, No. 7 pp. 3121-3126, 2013

27w A FHE AT 9y

olEd"
'Zltstm 7 AN AR E )

=

Analysis for Defect Evaluation of Pipes in Nuclear
Power Plant

Joon-Seong Lee"
'Dept. of Mechanical System Engineering, Kyonggi University

2 o Qo] AANHIME YA P 9la Faste] A A WEA] AHAE Susjot gk 7
z We Wishey ez o
2 33] Zasith SASRASE ol
2 bk Wehs W WERTRER e BUFGY AHMeIA 1
ol =]
=

Abstract The integrity evaluation of pipes in nuclear power plant are essential for the safety of reactor vessel,
and integrity must be assured when flaws are found. Accurate stress intensity analyses and crack growth rate
data of surface-cracked components are needed for reliable prediction of their fatigue life and fracture strengths.
Fatigue design and life assessment are the essential technologies to design the structures such as pipe, industrial
plant equipment and so on. The effect of crack spacing on stress intensity factor K values was studied using
three-dimensional finite element method (FEM). For the case of cylinder under internal pressure, a significant
increase in K values observed at the deepest point of the surface crack. Also, this paper describes the fatigue
analysis for cracked structures submitted to bending loads.
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[Fig. 4] Finite element for twin surface crack
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[Fig. 6] Stress intensity factor dependence on crack
spacing c/d (a/c=0.4, a/t=0.4)
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[Fig. 7] Stress intensity factor at deepest point dependence
on crack spacing c/d (a/t=0.2)

M

4, HiZe| m=7<E &Y

X7} gl el ] FUAA SrelEE 918
a4 FRRadN Sustch A AR 3B
w7, A ge], WgE Wl % shguisl muke] ey
& WSt sk
HlEhe Fooll AR 360°9] A7} Gl YA
2 w2 9 hake] @A Table 19 Lhehlck

|

[¢]

[Table 1] Details of input data

Inner radius (mm) 150.0
Outer radius (mm) 160.0
Wall thickness (mm) 6.0

Pipe length (mm) 700.0

Notch radius (zm) less than 0.1

Notch angle (degree) 60

Notch depth (mm) 1.0

Notch direction circumferential
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[Table 2] Material properties

Young’s Modulus (GPa) 188
Poisson’s ratio 0.3
Yield Stress (MPa) 240
Ultimate Strength (MPa) 530

Stress (MPa) -
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[Fig. 8] True stress-strain curve
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[Fig. 9] Finite element analysis model
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[Table 3] Result of cyclic elastic-plastic FEA

Notch root radius (um) 100 75 50
Ae (%) 1.80 2.20 260
Omean (MPa) 440 490 630
Omin (MPa) -241 -240 -220
Omax (MPa) 1,120 1,215 1,425
Bmax (Degree) 0.19
Initiation cycle 750 | 480 | 250
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[Table 4] Details of deterministic input data

pipe wall thickness (t) 4.0 mm
inner radius (Rj) 130.0 mm
inner pressure (P) 11 MPa

flow stress ( Oﬂow) 280 MPa

loading cycle 5.0 cyclefyear

Paris’ law constant (C) 1.6x10™°

Paris’ law exponent (n) 4.0
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[Fig. 10] Comparison of failure probability
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