2003

Optimum Failure Prediction Model of Steam Generator Tube
with Two Parallel Axial Through-Wall Cracks
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Abstract

The 40% of wall criterion, which is generally used for the plugging of steam generator tubes, may be
applied only to a single crack. In the previous study, a total of 9 failure models were introduced to estimate the
local failure of the ligament between cracks and the optimum coalescence model of multiple collinear cracks
was determined among these models. It is, however, known that parallel axial cracks are more frequently
detected during an in-service inspection than collinear axial cracks. The objective of this study is to determine
the plastic collapse model which can be applied to the steam generator tube containing two parallel axial
through-wall cracks. Nine previously proposed local failure models were selected as the candidates.
Subsequently interaction effects between two adjacent cracks were evaluated to screen them. Plastic collapse
tests for the plate with two parallel through-wall cracks and finite element analyses were performed for the
determination of the optimum plastic collapse model. By comparing the test results with the prediction results
obtained from the candidate models, a plastic zone contact model was selected as an optimum model.
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Fig. 1 Geometry and size of test specimen

Table 1 Chemical composition of Inconel 600 plate

Element C Mn Si P S
Wt. % 404* | 0.22 0.37 N.D. N.D.
Element Ni Cr Co Ti Al
Wt. % 74.4 15.7 0.056 0.16 0.26
Element Cu Fe N
Wt. % 0.09 9.7 69.6*
*Unit: ppm

Table 2 Mechanical properties of Inconel 600 plate

Yield Tensile | Young’s . . ,
Elongation | Poisson’s
strength | strength | modulus %) ratio
(MPa) | (MPa) | (GPa) °
329 662 213 44 0.3

Fig. roess of plastic collapse

Table 3 Failure loads of single cracked plates

Crack size (mm) Failure load (kN)
2¢c=5 47.2
2¢=8 423
2¢=13 37.7

Table 4 Failure loads of double cracked plates

Crack size (mm) Failure load (kN)
2¢=5, d=1 52.9
2¢=5,d=2 52.4
2¢=5, d=4 50.9
2¢=8, d=1 474
2¢=8, d=2 473
2¢=8, d=4 47.7

2¢=13, d=1 41.5
2¢=13, d=2 423
2¢=13, d=4 42.5
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Fig. 4 Finite element mesh of plate with two parallel
cracks

Table 5 Coalescence loads of plates with two parallel

cracks
e & d Failure load (kN)

(mm) PZC-Il | PZC-II | CBM RE:fl'ts
2¢=5, d=1 36.4 43.9 50.9 52.9
2¢=5, d=2 39.6 50.5 50.5 52.4
2¢=5, d=4 44.4 54.3 49.7 50.9
2¢=8, d=1 329 39.7 47.3 47.4
2¢=8, d=2 36.4 45.6 47.1 47.3
2¢=8, d=4 40.5 50.2 46.4 47.7
2¢=13, d=1 30.3 34.4 42.6 41.5
2¢=13, d=2 32.6 39.8 42.8 42.3
2¢=13, d=4 36.3 44.3 42.5 42.5

(b) 45.6 kN

, ,(d)

50.8 kKN

(c)47.7kN
Fig. 5 Changes of plastic zone size along the mid-
plane
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Table 6 Evaluation of interaction effect based on J

Crack size P Is Jo
(mm) (MPa) (MPa - (MPa Jratio
m) m)
27.8 12.0 6.4 0.553
2c=8,d=1 | 283 18.4 10.2 0.554
30.1 60.8 34.7 0.571
27.8 12.0 6.7 0.558
2c=8,d=2 | 285 23.1 145 0.628
30.1 60.8 39.2 0.645
28.1 15.2 11.1 0.730
2c=8,d=4 | 289 32.4 227 0.701
30.3 67.3 47.8 0.710
6. & 2
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