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A Study on Accuracy of J-Resistance Curves Measured with
Curved Compact Tension Specimen of Zr-2.5Nb Pressure Tube
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Abstract

Methodology based on the elastic-plastic fracture mechanics has been widely accepted in predicting the
critical crack length(CCL) of pressure tubes of CANDU nuclear plants. A conservative estimate of CCL is
obtained by employing the J-resistance curves measured with the specimens satisfying plane strain condition
as suggested in the ASTM standard. Due to limited thickness of the pressure tubes the curved compact
tension(CT) specimens taken out from the pressure tube have been used in obtaining J-resistance curves.
The curved CT specimen inevitably introduce slant fatigue crack during precracking. Hence, effect of
specimen geometry and slant crack on J-resistance curve should be explored.

In this study, the difference of J integral values between the standard CT specimens satisfying plane
strain condition and the nonstandard curved CT with limited thickness (4.2mm) is estimated using finite
element analysis. The fracture resistance curves of Zr-2.5Nb obtained previously by other authors are
critically discussed. Various finite element analysis were conducted such as 2D analysis under plane stress
and plane strain conditions and 3D analysis for flat CT, curved CT with straight crack and curved CT with
slant crack front. J-integral values were determined by local contour integration near the crack tip, which
was considered as accurate J-values. J value was also determined from the load versus load line
displacement curve and the J estimation equation in the ASTM standard. Discrepancies between the two
values were shown and suggestion was made for obtaining accurate J values from the load line
displacement curves obtained by the curved CT specimens.
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Table 1 Mechanical of the Zr-2.5Nb
alloy used in finite element analysis
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Fig. 3 Finite element modeling of 2-D CT

specimen

Fig. 4 Finite element modeling of 3-D flat CT
specimen
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Fig. 5 Finite element modeling of 3-D curved CT
specimen with slant crack

Fatigue precrack line

Fig. 6 Determination of crack angle in 3D curved
CT specimen model with slant crack front
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Fig. 16 Von Mises stress contour plots for 3D
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Table 2 J.,(N/mm) determined at the crack tip in
2D and 3D CT analysis
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Table 3 Comparison of J-integral values determined
from the load-displacement curves with
those by crack-tip contour integration

J (N/mm)

oy

3D CT specimen (Load-load line &
. . (Crack

(u in mm) displacement curves) tip)

Jg\ Jpl Jtoml
u=0.2 | 52.74 | 2.53 |55.28 | 57.58
Flat u=0.4 | 112.36 | 43.59 |155.95|188.15
u=0.6 | 126.43 |122.72249.16{344.65
Curved | u=0.2 | 50.20 | 2.914 | 53.12 | 56.45
(straight | =04 | 113.89 | 41.74 |155.64]184.39

crack) | u=0.6 [ 124.15 |122.62|246.78/339.32

Curved | u=0.2 | 50.98 | 2.425 [ 53.41 | 56.98
(slant | u=0.4 | 113.55 | 41.74 |155.30(179.97

crack) | u=0.6 | 123.53 |122.64 |246.17(329.75
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