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Abstract

The structural and leakage integrity of steam generator tubes should be sustained against all postulated
loads even if a crack is present. During the past three decades, most of the efforts with respect to integrity
evaluation of steam generator tubes have been focused on limit load solutions but, recently, the applicability
of elastic-plastic fracture mechanics was examined cautiously due to its effectiveness. The purpose of this
‘paper is to introduce a testing method to estimate fracture resistance characteristics of steam generator tubes
with a through-wall crack. Due to limited thickness and diameter, inevitably, the steam generator tubes
themselves were tested instead of standard specimen or alternative ones. Also, a series of three dimensional
elastic-plastic finite element analyses were carried out to derive closed-form estimation equations with respect
to J-integral and crack extension for direct current potential drop method. Since the effectiveness of Jic as
well as J-R curves was proven through comparison with those of standard specimens taken from pipes, it is
believed that the proposed scheme can be utilized as an efficient tool for integrity evaluation of cracked steam
generator tubes.
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Fig. 1 Geometry and loading condition of tubular
specimen
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Table 1 Summary of tensile properties for Alloy 600
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used in the present study
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(GPa) | (MPa) | (MPa) 2
(MPa)
Alloy 600
214 668 464
(20°C) 259 6

Fig. 2 Typical 3-D FE mesh employed in the present
study
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Fig. 3 True stress-strain curve for Alloy 600 used in the
present study
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Fig. 4 Resulting values of the plastic 7-factor for the
plastic component of J for steam generator tube
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Fig. 5 Resulting values of the shape factor, F, for the
stress intensity factor for steam generator tube
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Fig. 6 Schematic illustration of electric potential wire
locations and typical 3-D mesh for FE electro-
magnetic analyses
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Fig. 9 Comparison of measured crack lengths by DCPD
and high resolution camera
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Table 2 Summary of fracture toughness test results
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