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Development of Nuclear Piping Integriry Expert System (II)
- System Development and Case Studies -
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Abstract

The objective of this paper is to develop an expert system called NPIES for nuclear piping integrity.

This paper describes the structure and the development strategy of the NPIES system.

The NPIES

system consists of 3 parts; the data input part, the analysis part and the output part. The data input part
consists of the material properties database module and the user interface module. The analysis part
consists of the LEFM, CDFD, J/T, limit load modules and the 12 analysis routines for different cracks
and loading conditions are provided respectively. Analysis results are presented to screen, printer and
text file in the output part. Several case studies on circumferentially cracked piping were performed to
evaluate the accuracy and the usefulness of the code. Maximum piping loads predicted by the NPIES
system agreed well with those by the 3-dimensional finite element analysis. In addition, even if the
material properties were not fully given, the NPIES system provided reasonable evaluation results with
the predicted material properties inferred from the material properties database module.
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Table 1 Input data for case studies

Materia Ly no) Case 1 | Case 2 | Case 3 | Case 4 | Case 5
Material Al55  [SA358 TP3045A376 TP304SA358 TP304SA333 Gr6

2¢, mm 7992 | 4478 179.5 446.6 276.9
L mm 23.6 26.2 14.3 26.2 18.3
R, mm 355.6 180.6 69.9 180.6 1183
05 MPa| 2303 295.2 128.3 174.5 238.6

0w MPa | 5455 7434 446.9 456.5 562.2
05 MPa | 3879 5193 287.6 315.5 3824

E, GPa 190.8 | 2059 190.8 190.8 190.8
v 0.3 0.3 0.3 0.3 0.3
a 1.599 1.856 3.531 2,700 1.391
n Ll 4375 | 4328 3.429 4.138 4.890
Ci, kim™ | 3850 296.7 2523 25.23 31.93
o) 0.226 | 0.354 0.355 0.355 0.257

Poax kN- m| 12050 { 786.3 375 37172 155.2
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Table 2 Experimental material properties for case

studies
Specimen | Temp. oy Tu . u C; c
. (0 | ey | ey | 71 7 aumy | 7

SA106-A | 289 | 214 §31 1059 | 2.82(3.73 | 604.1 10.51
SA106-B | 289 | 241 462 | 046 | 2.89 | 3.91 | 393.0 {0.39
SA106-C | 289 | 283 531 | 0.54 | 2.93 | 4.52 | 534.9 |0.34
SA106-D | 289 | 207 434 1070 [ 3.45)4.10 | 512.2 10.72
SAI06-E | 289 | 214 428 | 076 1 7.44 | 3.53 1 933.6 [0.32

SA106-F | 289 | 207 434 1 0.74 1599 | 3.66 | 7854 |0.49
TP316-A 15 241 523 | 1.642117.23{2.52 | 924.0(0.74

TP316-B 15 241 530 |1.468!14.48| 2.64 {1026.1{0.65
TP316-C | 49 221 510 | 1.53512095(2.29 | 1330.70.44
TP316-D | 49 248 540 (1.318{12.59{2.75 {1199.0{0.58
TP316-E | 49 268 572 (1.412(12.57| 2.74 {1283.9(0.66
TP3I6-F | 49 276 559 |1.358]15.09(2.67 | 945.3{0.75

Table 3 Comparison of maximum load calculated
with predicted material properties

Specimen Pmax(gxp.). Pmax(prnl}" P max(pred.)
D, kNm kNm P e (exp )
SA106-A
374 353 0.94
SA106-B 330 337 1.02
SA106-C 373 405 1.09
SA106-D 381 334 0.88
SAL06-E it 35 (02
SA106-F
TP316-A 394 402 1.02
TP316-B 386 398 1.03
TP316-C 302 376 1.24
TP316-D 394 396 1.01
TP316-E 447 428 0.96
TP316-F 434 427 0.98
Notes:

* Maximum piping load with experimental ¢ ~¢ and J-R curves
** Maximum piping load with predicted ¢ -# and J-R curves
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