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Prediction of Fracture Resistance Curves for Nuclear Piping Materials
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Abstract

In order to perform leak-before-break design of nuclear piping systems and integrity evaluation

of reactor vessels, full stress-strain(g-¢) curves and fracture resistance(J-R) curves are required.
However it is time-consuming and expensive to obtain J-R curves experimentally. The objective
of this paper is to develop two methods for J-R curve prediction. In the first method, elastic-plastic
finite element analyses for a series of crack length/specimen width ratio were performed.
Accordingly the load versus load line displacement(P-§) curve corresponding to the fracture strain
is obtained and the J-R curve based on the generalized locus method is obtained. In the second

method, the correlation between ¢-¢ curves and J-R curves was statistically analyzed and an
empirical equation to predict the J-R curve from the ¢-¢ test result is proposed. A good correlation
between the predicted results based on the proposed methods and the experimental ones is

obtained.
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Table 1 Chemical composition of SA106 Gr. C
carbon steel

C Si Mn P S
0.30 0.10 0.39-1.06 0.048

0.058
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Table 2 Tension test data

Identification S, S, d, d . Temp.
Specimen Orient. (MPa) (MPa) (mm) (mm) (c)
A L 248 524 12.7 10.21 0.44 289
B L 297 476 12.7 9.18 0.65 121
C L 214 531 12.7 9.46 0.59 289
D C 241 462 12.7 10.09 0.46 289
E C 283 531 12.7 9.69 0.54 289
F L 269 414 12.7 8.43 0.82 121
G C 207 434 12.7 8.95 0.70 289
H L 214 428 12.7 8.69 0.76 289
I C 207 434 12.7 8.77 0.74 289
J C 207 552 12.7 8.60 0.78 289
K L 234 524 12.7 8.82 0.73 289
L C 234 552 12.7 9.65 0.55 289
M L 262 476 12.7 9.73 0.53 289
N L 241 586 12.7 9.57 0.57 289
0) C 255 517 12.7 10.22 0.43 289

Fig. 2 FE model for 1T-CT specimen
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Table 3 Fracture toughness test data
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Fig. 6 Comparison of J-R curves for various C, val-

Identification Experiment Prediction a/W Temp.
Specimen Orient. C C, ¢ C ()
{(x1073
A LC 307 0.378 1.556 297 0.57 289
B L-C 342 0.570 1.752 351 0.58 121
C L-C 482 0.424 2.252 429 0.54 289
D CL 293 0.371 1.227 234 0.57 289
E C-L 387 0.343 2.032 388 0.57 289
F LC 620 0.475 1.660 332 0.58 121
G C-L 552 0.413 1.725 329 0.56 289
H L-C 607 0.326 1.835 350 0.53 289
1 C-L 745 0.289 1.835 350 0.57 289
J CL 698 0.396 3.380 - 645 0.56 289
K L-C 602 0.331 2.777 530 0.58 289
L C-L 457 0.291 2.279 435 0.58 289
M L-C 296 0.427 1.556 297 0.58 289
N L-C 454 0.353 2.707 516 0.59 289
O CL 305 0.322 1.475 281 0.58 289
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