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Evaluation of Plastic Collapse Behavior for Multiple Cracked Structures
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Abstract

Until now, the 40% of wall thickness criterion, which is generally used for the plugging of steam generator
tubes, has been applied only to a single cracked geometry. In the previous study by the authors, a total number
of 9 local failure prediction models were introduced to estimate the coalescence load of two collinear through-
wall cracks and, then, the reaction force model and plastic zone contact model were selected as the optimum
ones. The objective of this study is to estimate the coalescence load of two collinear through-wall cracks in
steam generator tube by using the optimum local failure prediction models. In order to investigate the
applicability of the optimum local failure prediction models, a series of plastic collapse tests and
corresponding finite element analyses for two collinear through-wall cracks in steam generator tube were
carried out. Thereby, the applicability of the optimum local failure prediction models was verified and, finally,
a coalescence evaluation diagram which can be used to determine whether the adjacent cracks detected by
NDE coalesce or not has been developed.
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Table 1 Chemical compositions of Inconel 600 tube

Element C Mn Si P
Wt. % 0.025 0.21 0.19 0.005
Element S Ni Cr Co
Wt. % <0.001 74.19 15.52 0.018
Element Ti Al Cu Fe
Wt. % 0.29 0.22 0.012 9.30
Element N B - -
Wt. % 0.024 <0.0005 - -

Table 2 Mechanical properties of Inconel 600 tube

Yield Tensile | Young's Elongation | Poisson’s
strength | strength | modulus % i
(MPa) | (MPa) | (GPa) (%) ratio
285 674 214 40 0.3

Table 3 Influence of pressurization rate on plastic
collapse load

Plastic
2c Pressurization | collapse
LD. (mm) alt rate (MPa/s) {oad
(MPa)
Quasi-static 21.36
ANL 19.05 | 0.8 13.78 24.18
48.23 26.39
0.12 45.80
7.00
3.00 45.20
0.12 29.80
1.62 29.90
Framatome | 15.00 | 1.0 0.36 27.00
0.39 26.90
1.55 26.60
0.12 12.60
30.00 6
0.52 12.80




1816

4 - e

“a

0.15mm o wHZFursg ALES F9of oF 40
MPa ojAHol& a9 & dA&FAAT 1 o) F
o HHXANRYG o IA SHHAAG. ol= FA
dudoz gre YRS AL A$ He 8
S4Eo =gt HW coD 7t Frisla B
Bo] HEo} gl FdHUE 7Igtslr] fEQ Ao
2 BAY. BERS ALSEHR] ¥ S

E sEAedA cop 7t MR 34 &R
HoH, ol Bt ¢¥€H S Mgy WE
ol Zlog #HAHATt 2c7 10mm ¢l B o= Ay
HoZ /& Bawe AL4d w cop 7t &
A ER3EA.
el B dFo A= Fig. 3o UEbd A 2
EdH2A 3.175mm F79 Elo] Z(tygon) T
AE e Aeslged, niugoz £
dEgs H23% F Jdvn BFHHE 0.15mm
FA9 FEURS AMESIGY. AT HLAPL
F Z¥ol gAg WX =Y. 55F 7)ol
bE T F49 AFATE g s AHE
gto] B9sigon HANE ALEsle MBFAHA
Wede] Z83te 35S S35Yh ol Ho
HEL Azhd4d =& AzkE5 dolee e
2 AAzteg pco AAstATh

1o o

d
. 300mm /_ n
I Z 1
| 100mm o 125mm L 75mm |
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Fig. 2 Comparison of COD obtained by FE result and
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Fig. 3 Schematic illustration of a tube with bladder
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(d) Post-test view

Fig. 4 Process of plastic collapse of SG tube
containing two collinear through-wall cracks
(2¢=5 mm, d=1 mm)
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Fig. 5 Experimental coalescence loads of collinear
cracks

Fig. 6 A typical finite element mesh of SG tube
containing two collinear through-wall cracks
(2¢=5 mm, d=4 mm)

Table 4 Coalescence loads of SG tube containing two collinear through-wall cracks

Crack size Plasti: ;glgl?fii;;);d for Coalescence load for two collinear cracks
(mm) Erdogan Eq. RFM PZC-II PZC-IV
2¢=5, d=1 0917 0.899 0.917
c=5, d=2 0.967 0.972 . 0.949 0.965
2¢=5, d=4 0.971 0.974 0.974
2¢=10, d=1 0.984 0.989 0.989
2¢=10, d=2 0.971 0.988 0.983 0.992
2¢=10, d=4 0.967 0.970 0.970
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Table 5 Comparison of coalescence loads between SG

tube and plate
Coalescence load for
Crack size two collinear cracks
(mm) Tube Plate Bulging
factor
2¢0=5, d=1 0.84 1.15 1.37
2¢=5, d=2 1.03 1.25 1.21
2¢=5, d=4 1.23 1.43 1.17
2¢=10, d=1 0.45 0.98 2.18
2¢=10, d=2 0.60 1.05 1.75
2¢=10, d=4 0.80 1.15 1.44
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Fig. 11 Coalescence evaluation diagram
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