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Development of Optimum Global Failure Prediction Model for

Steam Generator Tube with Two Parallel Cracks

-

Seong-In Moon, Yoon-Suk Chang, Young-Jin Kim,
Jin-Ho Lee, Myung-Ho Song, Young-Hwan Choi and Joung-Soo Kim

Key Words :  Steam Generator Tube(Z 714871 A &), Plastic Collapse(4:/d 5-1), Failure Prediction
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Abstract

The 40% of wall thickness criterion which has been used as a plugging rule of steam generator tubes is
applicable only to a single cracked tube. In the previous studies performed by authors, several globat failure
prediction models were introduced to estimate the failure loads of steam generator tubes containing two
adjacent parallel axial through-wall cracks. These models were applied for thin plates with two parallel cracks
and the COD base model was selected as the optimum one. The objective of this study is to verify the
applicability of the proposed optimum global failure prediction model for real steam generator tubes with two
parallel axial through-wall cracks. For the sake of this, a series of plastic collapse tests and finite element
analyses have been carried out for the steam generator tubes with two machined parallel axial through-wall
cracks. Thereby, it was proven that the proposed optimum failure prediction model can be used as the best one
to estimate the failure load quite well. Also, interaction effects between two adjacent cracks were assessed
through additional finite element analyses to investigate the effect on the global failure behavior.
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Table 1 Normalized plastic collapse loads of thin plates
containing two parallel through-wall cracks

Crack size P Py
(mm) CBM PZC-II PZC-II

2¢=5, h=1 0.962 0.688 0.830
20=5, h=2 0.964 0.756 0.964
2¢=5, h=4 0.976 0.872 1.067
2c=8, h=1 0.998 0.694 0.848
2c=8, k=2 0.996 0.770 0.964
2c=8, h=4 0.973 0.846 1.052
2¢=10, h=1 1.027 0.730 0.829
2c=10, h=2 1.012 0.771 0.941
2¢=10, h=4 1.000 0.854 1.042

Table 2 Mechanical properties of Inconel 600 tube

Yield | Tensile | Young’s | o) o0 | Poisson’s
strength | strength | modulus (5 ) ratio
(MPa) | (MPa) | (GPa) ’
285 674 214 40 0.3
‘ 240 /h

| = J)

| 96 | 71 J 73

L — L

Fig. 1 Geometry of tubular specimen containing two
parallel axial through-wall cracks

Test control valve
Diverter Pressure
control

‘Water
Tank

Fig. 2 Schematic of plastic collapse test system
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Fig. 3 Schematic of a tubular specimen with bladder
and back-up foil
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(a) Pre-test view (b) Crack-tip blunting

(d) Post-test view

Fig. 4 Process of plastic collapse of SG tube
containing two parallel axial through-wall
cracks (2c=10 mm, /=2 mm)
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Fig. 5 Plastic collapse loads of SG tubes obtained
from experiment
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Fig. 6 A typical finite element mesh of SG tube
containing two parallel axial through-wall
cracks (2¢=5 mm, #=4 mm)

Table 3 Normalized plastic collapse loads of SG tubes
containing two parallel axial through-wall

cracks
Crack size (mm) P, Py

2¢=5, h=1 -

2¢=5, h=2 0.922
2¢=5, h=4 0.925
2¢=8, h=1 1.034
26=8, h=2 1.008
2¢=8, h=4 0.943
2¢=8, h=8 0.968
2¢=10, h=1 1.084
2¢=10, h=2 1.020
2¢=10, h=4 0.974
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Fig. 7 Three dimensional deformed shape of SG tube
around crack (2¢=8 mm, A=4 mm)



A F Ao Fdol EAStE FUILA7 MA@ HEH FEAHE 52D ML 759

2.5

1.7406

(6),,=0-3523€PR/ oy

200 2¢=5 mm

P, MPa
Fig. 8 P-(dp)cr, curve for a single crack

Fig. 10& CBM E4d& AMgste T3 24587
35E A8AFAG st Y Aoz 4
ke A1 84%, B 14% oA HE8ARE
Z d sttt webx] FRAIEE At 23
¢ HAH FEsYE f5EUA CBM 28L&
gk 5 e £ gEF Lol EAste U2
A7) Ao 248 A8E dFe HiME A
7begt Aoz AT HAUY ol wARFEe cop
7t 438 copoll wE FA|E g Zopr 4
AeAgEe v FFdo] vndy] HEY A
o5 g

AR oz F7HA7] Al e F A
£ 05~069 @oz <A Aok § =)
FEFE Wrkstrl 8 FESHATFEA 0558
ALg-ate] Bt T Jje gEo] EAEE A#RY
248 HstEe s d5¢ 2, FESH 10% F
7He o) AR HEFE oF 10% Trste ReR
B A

EOE_I-]
[CI ]
(]
zo3

AeEd 49 9 A% ARy g F )
o W BEAGol EAste ST A#
o] £488HsT AdFA CBM E9E AMgste
Zlo] BFey st &8 BT F i
BEdde] EAYE Feoe SLHTEEl A4
st At v o 2 24885 veble
Aoz dejd Yo dFgdoe] &R F
7] A ke AR E A&sA 2A
st7] flsiAls F #F Alelol wAste 2Hi A
of thgt AAHI HEZF Hesin ek 2 A
o Al K- Y Atelo] A A st 9l

P, MPa

Fig. 9 P-§;, curve for two parallel cracks

F71AH9 339 e Ll g FPSFAG. FF
FHosnls &2 CBM EZA& AME3H] 2¢
7} 4,6,8, 10mmoliL h 7t ZtZ} 1,3, 4,6, 8, 10, 12,
14, 16, 18, 20 mm ¢! - Wizl 245 138%
2 Axtsigied, 2 ARERE T FE Alolo
B HHANE AFH o= Hriadid

Fig. 11 € & ()& A&t 33 gdd4d Al
o3 CBM 298 FH&stod 7 s T dE
o] &A1t A 24335 E vlndtd o}
bl Zlojtt Fig. 12 & 348 AREEEH
Hygt F o FLo] EAsle AT 245
SIS (Pp)E SLTEATY AT F(P)LE
S35t AR Aol T H#E AlolY A
g7 7 W, F, h 7 &4 5 mm o] 5HY A fol
e F g EAE AT 2AFHsF ©
dgdo] EAste Ao 2A45FHFFEY o
A vebdch ol#ig e Faigge) EA3
= Hyst F e #EAFde g Murakami 9
AT O FaFGgol st HPsk F e EH
Fdol g 29A Fo A7 dXFE
24 tFEdde] EA4E AE addHwy
ol 3= Aoz podAn =3 FEz7l
g7t zolAg2 Fddold A#Rel A &
g A ERE Byd a8y £7F ¢ 5 mm o)
g AL ddgdo] EAste Afd H&) F
ggo] EAse ABd 24593550 o A
yelgod, 2c 7} Z918FE pyPs 7t BASHA
R EDT Fotete A%e BT b 7 20 mm
ol Agolle F 8 ddFdgo] EAdles A
ol 2AEAEF v7} 1.0 o 2R F 7F
Abeld) M E ) AR AlE AoE FoEHAoH,
I 4% F gde 47 adgdE AssiA 2
- & 4 o)

ol
ox 1 M U®

o



760 AL - o4 g

12
o o
| 0 ST [o T = USSR 4 R,
% 02
0.8+
i
&\ 0.6[
Q:i 04+
& 2¢=Smm
021 o 2¢=8 mm
0 2¢=10 mm
0‘0 1 [ A L 1
0 2 4 6 8 10 12
2clh
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Fig. 11 Plastic collapse loads of SG tubes with two
parallel cracks or a single crack
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