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Prediction of Fracture Resistance Curves for Nuclear Piping Materials (II[)
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Abstract

In order to perform leak-before-break design of nuclear piping systems and integrity evalua-
tion of reactor vessels, full stress-strain curves and fracture resistance (J-R) curves are required.
However it is time-consuming and expensive to obtain J-R curves experimentally. To resolve
these problems, three different methods for predicting J-R curves from tensile data were proposed
by the authors previously. The objective of this paper is to develop a computer program based on
those J-R curve prediction methods. The program consists of two major parts; the main program
part for the J-R curve prediction and the database part. Several case studies were performed to
verify the program, and it was shown that the predicted results were, in general, in good
agreement with the experimental ones.
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Fig. 5

Initial screen for JRCP database
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Spec Mat €tc D@ D R ey su E PL 1 2
ni-p cs B.768 12.78 18.21 76.B8 214 402 189160 1866294 614.80 B.36
nir cs B.670 12.70 19.60 64.88 365 538 189168 2433418 614.8 8.37
cs-1 es B.558 12.78 9.65 64.88 234 552 198781 2112695 457.8 8.29
ni-t cs D.p6E 12.78 18.60 64.08 372 530 189168 2392638 598.8 0.48
ni-f cs B.528 12.78 18.21 64.80 278 469 189168 7807146 438.8 B.41
ai-h c©s B.518 12.78 18.21 04.88 29 469 189168 Z820121 484.8 B.51
mZ-c cs 8.398 12.79 18.28 S5%.88 255 529 198694 2112695 189.8 0.27
es-h cs  B.658 12.78 9.168 64.88 297 4% 288292 26875785 342.8 B.57
ml-c cs 0.518 12.70 18.21 64.08 276 462 189168 1992323 491.B 8.37
ni-d cs B8.518 12.78 18.21 64.00 298 475 189168 Z@83135 482.8 0.47
n2-i cs 0.278 12.70 18.28 42.90 251 595 198694 Z112695 1M.8 8.26
cs-y cs B.708 12.78 8.95 65.80 207 434 196781 1723678 552.8 B.11
wl~0 cs B.718 12.70 18.21 64.08 214 482 189168 1879267 537.8 B.45
ni-j cs 0B.518 12.78 18.21 o4.08 289 489 189168 ZAA6B41 459.8 0.34
ml-g cs ©.518 12.780 18.28 65.88 269 455 189168 2112695 464.8 8.46
Fig. 6 Database screen {or selecting carbon steel
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Table 1 Tensile property determination for Ulchin unit 3/4 materials
Identification Experiment a Prediction n Temp.
Material A 5
Specimen | Orient. | gy (MPa) | gv (MPa) EPRI Battelle | Prediction (c)
M1-A L-C 276 475 2.32 2.38 5.46 316
M1-B L-C 296 469 2.30 1.24 6.12 316
[{ Mi1-C L-C 276 462 2.38 1.34 5.68 316
] Mi1i-D L-C 298 475 2.28 1.23 6.06 316
| MIE L-C 303 489 2.5 1.21 5.94 316
Mi-F L-C 278 469 2.31 2.37 5.61 316
M1-G L-C 269 455 2.36 2.42 5.61 316
Mi1-H L-C 317 455 2.13 2.23 1.15 316
SA508
. Mi-1 L-C 241 462 2.53 2.56 4.84 316
CL1la
Mi-J L-C 289 489 2.26 2.31 5.57 316
Mi1-K 269 475 2.36 2.42 5.29 316
Mi1-L 269 475 2.36 2.42 5.29 316
—
M1-M 298 469 i 2.22 2.28 6.19 316
MI-N 289 469 2.26 2.31 5.92 316
M1-O b L 214 482 2.75 1.74 4.13 316
M1-P l 214 482 2.75 1.74 4.13 316
—
M1-Q L~CAl 227 475 2.63 2.65 4.42 316
—
M1-R L-C 365 538 1.98 ] 2.06 6.75 316
M1-S L-C 352 538 2.02 [ 2.09 6.36 316
|
SA182 M1-T L-C 372 L 538 1.96 2.04 6.98 316
F1 M1-U L-C 317 524 2.14 2.20 5.70 316
M1-V L-C 279 503 2.33 2.37 5.07 316
M1-W L-C 269 510 2.36 2.40 4.85 316
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Table 2 J-R curve prediction results by FEM for Ulchin unit 3/4 materials

Identification —[ Temp.T Experiment Prediction |Difference at
Material — a0/ W . — Ja=5 mm
Specimen | Orient. () G Ca G C. (%)
Mi1-A L-C 0.60 316 434 0.48 436 (.46 -2.7
M1-B | L-C 0.60 316 404 0.51 443 0.47 2.8
Mi1-C L-C T 0.60 316 491 0.37 450 0.49 11.2
Mi1-D L-C ).61 316 402 0.47 442 0.47 10.0
M1-E L-C (.60 316 457 0.40 452 0.37 -5.8
M1-F j L-C (.60 316 438 (.41 473 (.40 6.3
Mi1-G L-C 0.60 316 464 0.46 432 0.48 -3.9
Mi1-H L-C 0.62 316 486 0.39 457 0.40 -4.4
SA508 ——f— —
. Mi-I L-C 0.60 316 417 (.42 475 \ 0.41 12.1
CLla
ML LC | 060 | 316 | 459 | 034 | 509 | 0.33 9.1
L Mi1- r L-C 0.61 316 514 (.36 507 (.36 -1.7
i
Mi-L L-C 0.60 316 416 I 0.44 450 0.48 15.4
M1-M L-C \ 0.60 316 399 —[ 0.46 440 0.47 12.1
M1-N r L-C 0.61 316 421 0.44 443 0.48 12.2
M1-0O L-C 0.61 316 537 0.45 730 0.56 62.3
Mi1-P L-C 0.61 316 610 (.36 760 0.62 89.3
M1-Q L-C 0.60 316 521 0.44 713 (.44 36.9
M1-R L-C 0.60 316 614 (.37 724 (.49 43.0
M1-S L-C 0.60 316 551 0.46 | 656 (.45 17.2
SA182 M1-T L-C 0.60 316 598 0.40 698 (.48 32.8
F1 ‘i;MlU 1 L-C 0.60 316 600 0.44 734 0.46 26.3
0.60 | 316 507 0.51 717 0.54 1 48.4
0.60 { 316 624 0.41 793 0.48 40.4
ec=—In(1-RA) (5 Table 32 2] (6)-& ol&sto] & e/ HER
ol
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AA Algsts 7o) HAAsle] choxl 7ro] 44 Fig. 82 #1AMI1-J, Al M1-P, 4] sAM1-Rell oA
5 Z= ] Aglo g Fg AL A =
2 g e ol stof el % ol Ao I RS ﬂ ]
E 51*1 *‘3 AAde 5 mmel A4 Al
=—MIn(1— RA) (6) - Ve Foof SE 14% dxe) AbelE ue]
a9 EP. Ur’iz Almgel A @ 27% A
o714, 2 Ay 548 TRA, o] zjo] s} wbalslelid|, o]} Fo] ofFo g 3t

Eli 701'9] 75! "0["

L

gaaleh,

0.5,

2eel| el el 2= 42|

& gt A
°of A% 1.0 A

J-R

o9 o]l o] fis

LAlo] AlE] 7

[(gu)(

Aol wlsle] AMEA o 7
e) o) i3k

o
e

Sy
e Cir



A v s spHAGTA 5 (3) 1805
Table 3 Calculated fracture strain for Ulchin unit 3/4 materials
Identification RA Temp.
Material o e’ .
Specimen Orient. (%) (c)
M1-A L-C 63 0.50 316
M1-B L-C 65 0.51 316
M1-C L-C 64 0.51 316
M1-D L-C 64 0.51 316
Mi1-E L-C 61 0.49 316
M1-F L-C f 66 0.52 316
MI1-G Lc | 65 0.51 316
Mi1-H L-C l 66 (.52 316
SA508 CL1A Mi-I L-C 66 0.52 316
Mi1-] L-C 65 0.51 316
M1-K L-C 66 0.52 316
Mi1-L L-C 64 0.51 316
Mi1-M L-C 64 0.51 316
M1-N L-C 64 0.51 316
M1-O L-C 76 0.71 316
Mi1-P L-C 78 0.76 316
M1-Q L-C 76 0.71 316
MI1-R L-C 74 0.67 316
M1-S L-C 71 .62 316
M1-T L-C 73 0.66 316
SA182 F1
M1-U L-C 73 0.66 316
Mi1-V L-C 75 0.69 316
M1-W L-C 71 0.69 316
of shawsbelgls] Wiel Aew MR Q4w o4 ol% u Agoz i J-dygkel ol 4
dedAAdE 5 mmeld o F W Ay Tk ] eFshal Aabs Aubro g J-R¥A o Z79b9] g}
A B zkol ol Auks)ldl A yis doz ] SAS RolF:a gt
RIAL ol A 7] el g Roga . 42 EQ9
4.1.4 SH-HEEIMZ 0|83 J-REMS| olF Aol ol AbEE SRS AY 3/45 7] 1AHAE
Fig. 9= Al"dMI1-Foll tig ol ) Agles + A = AHAl g-eFA AAE SAsA gt
& J-RIFAE A =418 Ao FA = o A 7] wligoll, fFatea] W og-eTAE o83 J-R
AL A A S o 4 vk HeiR] A4 A ol Zublel A H5e] el oA-F-xirl Aletdl
wegel As gwAAA= 5mmel Ay HE 22% Al (5)-& AHEsle] gedA S TR 4L
Aol ol E Molar Qo Folxlxul 5 mm shodct, w3k s HMMI H2gt oAl
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