WA= AP, A30A A 10 F, pp. 1255~1260, 2006

1255

Aol7t e F AY 4 BEFL)

AP el EA e

& Lt

S7IEA7) Al 44

mog*.

oA %4

2z

(20063 39 15¢Y H,20069 749 149 HA¢E)

Coalescence Pressure of Steam Generator Tubes with Two Different-Sized
Collinear Axial Through-Wall Cracks

Nam-Su Huh, Yoon-Suk Chang and Young-Jin Kim

Key Words :

Coalescence Pressure(Z A %#), Collinear Axial Through-Wall Crack(%F dA1/de] &)

= 2493 BFF9), Elastic-Plastic Finite Element Analysis(&44 F3t8 48 4)

Abstract

To maintain the structural integrity of steam generator tubes, 40% of wall thickness plugging criterion has
been developed. The approach is for the steam generator tube with single crack, so that the interaction effect
of multiple cracks can not be considered. Although, recently, several approaches have been proposed to assess
the integrity of steam generator tube with two identical cracks whilst actual multiple cracks reveal more
complex shape. In this paper, the coalescence pressure of steam generator tube containing multiple cracks of
different length is evaluated based on the detailed 3-dimensional (3-D) elastic-plastic finite element (FE)
analyses. In terms of the crack shape, two collinear axial through-wall cracks with different length were
considered. Furthermore, the resulting FE coalescence pressures are compared with FE coalescence pressures
and experimental results for two identical collinear axial through-wall cracks to quantify the effect of crack
length ratio on failure behavior of steam generator tube with multiple cracks. Finally, based on 3-D FE results,

the coalescence evaluation diagrams were proposed.
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Fig. 1 Schematic illustration of tube containing two
collinear axial through-wall cracks
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Table 1 List of analysis cases for the present FE analysis

26‘1 d ole
(mm) (mm) i
5,10 1,2,4 15,2

Table 2 Summary of tensile data for Alloy 600 tube

o, o, E Elongation | Poisson’s
(MPa) | (MPa) | (GPa) (%) ratio
285 674 214 40 0.3

Fig. 2 Typical FE mesh employed in the present work
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Fig. 3 The distribution of von Mises equivalent stress at
the remaining ligament (2¢,=5mm, d=2mm,
c/ei=1.5). (a) p=26.6MPa, (b) p=28.4MPa, (c)

p=29.4MPa, and (d) p=31.1MPa
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Table 3 Coalescence pressures of tubes containing collinear cracks
Coalescence pressure
Crack (MPa)
Size Experiment Prediction Results Prediction Results Prediction Results
(mm) (cp fe=1) (RFM) (PZC-II) (PZC-IV)
ze Cz/C1=1 02/6’1:1.5 Cz/cl=2 02/C|=l C2/C|:1.5 C2/01=2 C2/C1=1 82/01:1.5 Cz/C1=2
261:15’ 31.8 29.1 252 21.2 28.6 229 19.0 29.1 251 21.2
ZCI:S,
d= 36.7 357 311 26.4 34.8 29.4 25.3 354 311 26.7
2C1=5,
d=4 43.7 425 37.5 319 42.6 36.4 319 42.6 37.6 319
2¢,=10,

-1 15.7 15.6 12.6 10.0 15.6 11.7 8.8 15.6 12.7 10.2
20;:10’ 21.1 20.8 16.9 13.7 20.7 15.8 12.4 20.9 17.0 13.7
2¢\=10,

=4 28.7 277 224 17.9 27.8 215 17.9 27.8 224 18.0

Fig. 4 Schematic drawing of tube specimen with bladder
and back-up foil :
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Table 4 Plastic collapse pressures of tubes containing a

single crack
Crack size [Experimental
(mm) plastic collapse pressure
(MPa)
2¢=5 437
2¢=10 29.7
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Fig. 5 Comparison of coalescence pressure of tubes with
collinear axial through-wall cracks
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Fig. 6 Coalescence evaluation diagrams for steam
generator tubes with different-sized axial
through-wall cracks
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