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Abstract

This paper presents experimental validation of the enhanced reference stress based J estimates for
circumferential through-wall cracked pipes, recently proposed by authors. Using the pipe test data for
circumferential through-wall cracked pipes, the predicted fracture initiation and maximum moments
according to the proposed enhanced reference stress method are compared with experimental ones as well as
predictions from the R6 method. The results show that both the R6 method and the proposed method give
conservative estimates of initiation and maximum moments for circumferential through-wall cracked pipes,
compared to experimental data. For longer cracks, the proposed method reduces conservatism embedded in
estimated J according to the R6 method, and the resulting predictions are less conservative, compared to those
from the R6 method. For shorter cracks, on the other hand, the proposed method reduces possible non-
conservatism embedded in estimated J according to the R6 method, and the resulting predictions are slightly

more conservative.
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Fig. 1 Circumferential through-wall cracked pipes under
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Fig. 2 Schematic of test frame used in pipe fracture test
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Fig. 3 Crack locations for (a) base metal test and (b)
weld metal test
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Table 1 Summary of pipe test data of circumferential
through-wall cracked pipes (Base metal test

390

data)
. 2R, t Temp.
Test .D.| Material (mm) | (mm) R/t O ©C)
4111-2 AlS5 711 23.6 | 14.56 | 037 | 288
SA358
4111-3 TP304 1067 | 7.11 | 74.54 | 0.37 7
4111-4 |APISL X65| 1067 | 159 | 33.05 | 0.37 -7
SA312
EPRI-6T TP304 60.3 6.0 4.53 | 0229 | 22
SA376
EPRI-IT TP304 114.3 9.0 5.85 | 0371 | 22
SA358
EPRI-8T TP304 414 26.2 7.40 | 0368 | 22
SA376
4131-5 TP304 1589 | 139 5.22 | 0.388 | 288
4131-7 833363 273.1 | 183 6.96 | 0.346 | 288
4.3-1 STS-49 |763.52| 38.18 | 9.50 | 0.166 | 300
1.1.1.21] AISS 711 22.7 | 15.16 | 0.0625 | 288
1.1.1.26| TP316L | 106.2 8.3 590 | 0.244 | 21
3.3-1 | STS-410 166 14.5 522 | 0.166 | 300
Table 2 Summary of material data for pipe tests in Table 1
Tensile Data Fracture Toughness Data
TestlD.| ~E % % Ini‘t]i;ttion c
m
(GPa) | (MPa) | (MPa) | =
4111-2 | 190.8 | 230.3 | 5454 | 206.5 1854 | 0.31
4111-3 | 206.8 | 224 681 610 3544 | 0.39
4111-4 | 207.6 425 567 399 528.3 | 0.49
EPRI-6T| 205.9 246 657 502 10373 | 0.54
EPRI-IT| 205.9 | 243 629 1800 3332 | 0.39
EPRI-8T| 205.9 | 295 744 2080 [1019.3| 0.75
4131-5 | 190.8 128 447 1090 | 248.7 | 0.09
4131-7 | 190.5 | 239 526 158 1809 | 0.33
4.3-1 | 190.1 242 583 366 248.1 | 0.55
1.1.1.21] 190.8 231 541.9 | 206.5 1943 | 0.30
1.1.1.26| 206 258 527 680 1014.7] 0.62
3.3-1 | 190.1 | 215.8 | 492.6 | 3679 | 249.8 | 0.58
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Table 3 Summary of pipe test data of circumferential
through-wall cracked pipes (Weld metal test

data)

. |Welding| 2R, | ¢ Temp.

Test I.D. |Material Type |Gmm)|(mm) R/t Or °C)
SA376

4141-1 TP304 SAW [168.3|14.3|5.38|0.371 | 288
SA358

4141-3 TP304 SAW (413.5/26.2|7.39|0.367 | 288

BCD/WI-| SA106 SMAW (168.3(11.05|7.12| 0.304 | 288
1 Gr. B
SA240

1.1.1.23 TP316L SAW | 711 |30.2{11.27]0.0625| 288

1.1.1.24 SA333 SAW | 612 [31.3]9.28|0.079 | 288
Gr. 6
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Table 4 Summary of material data for pipe tests in Table 3

. Fracture Toughness
Tensile Data Data (Weld metal)
Test I.D. Jat
( G?’a) (M(jg (MO;; Initiation| C m
@) (MPa) | 7y
Base [190.8] 134 | 451
4141-1 Weld 119031325 | 266 100 |183.8] 0.37
Base |190.8| 174 | 456
4141-3 Weld 119031325 | 466 100 |183.8| 0.37
BCD/ | Base |190.8| 270 | 610
WIJ-1 | Weld |190.8] 315 | 669 160 1200.61 0.42
Base |[190.8| 143 | 427
1.1.1.23 Weld 119081 366 | 503 61 200.3] 0.53
Base |190.8| 234 | 521
1.1.1.24 Weld 119081 415 T 575 53 103.2] 0.48
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Table 5 Comparison of predicted initiation moments
according to the R6 method and the ERS
method with experimental data for base metal
test data in Table 1
Experimental Prediction Ratio (M,,./M..,)

Test I.D. Results ERS ERS
(kN-m) R6 method R6 method
4111-2 814.77 610 630 0.75 0.77
4111-3 615.2 410 430 0.67 0.70
4111-4 1469.06 980 1000 0.67 0.68
EPRI-6T 4.84 3.7 3.8 0.76 0.79
EPRI-IT 17.24 14 15.5 0.81 0.90
EPRI-8T 745.6 530 590 0.71 0.79
4131-5 28.93 20 22.5 0.69 0.78
4131-7 112.17 90 96 0.80 0.86
4.3-1 4139.19 3000 2900 0.72 0.70
1.1.1.21 2565.70 2220 1980 0.87 0.77
1.1.1.26 16.57 14 14.5 0.84 0.88
3.3-1 71.32 64 63 0.90 0.88
1.4
4111-3 (Base metal)
R Y - S — R6
10 —— ERS method
038
06 /
Increasing load
04+
02+
0.0 : : : : :
00 04 08 1.2 1.6 20 24
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Fig. 5 Examples for determining initiation and unstable
maximum moments using R6 method and the
proposed ERS method
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Table 6 Comparison of predicted initiation moments
according to the R6 method and the ERS
method with experimental data for weld metal

test data in Table 3

Table 7 Comparison of predicted maximum moments
according to the R6 method and the ERS
method with experimental data for base metal
test data in Table 1

Experimental Prediction  |Ratio (M,,./M..,) Experimental Prediction Ratio (M,,./M..,)
Test I.D. Results ERS ERS Test I.D. Results ERS ERS
(kN-m) R6 method R6 method (kN-m) R6 method R6 method
4141-1 29.59 17.5 19.5 0.59 0.66 4111-2 1205.7 870 930 0.72 0.77
4141-3 195.05 200 210 1.03 1.08 4111-3 915.6 550 600 0.60 0.66
BCD/W]J- 4111-4 2668.6 2150 2300 0.81 0.86
1 40.13 32 33 0.80 0.82 EPRI-6T 4.88 4.5 4.65 0.92 0.95
1.1.1.23 2621.26 1600 | 1450 0.61 0.55 EPRI-1T 17.35 14.2 15.7 0.82 0.90
1.1.1.24 2284 1400 | 1350 0.61 0.59 EPRI-8T 784.55 570 640 0.73 0.82
4131-5 37.66 21 23.5 0.56 0.62
12 1.2 4131-7 154.84 106.2 117 0.69 0.76
o 10 4.3-1 6015.40 4000 3980 0.66 0.66
.. L e T, L1121 301630 | 2470 | 2300 | 0.82 | 0.76
08¢ Ceecg g4 © 50»8’ ee ;". F 1.1.1.26 17.11 16.5 17 0.96 0.99
36067 0° 81 e 8 Ei“’ . 2 e 3.3-1 92.76 75 75.5 0.81 0.81
s 04 [ mitation oment 04 (6 Maximam Momer Table 8 Comparison of predicted maximum moments
021 o we 02 “ according to the R6 method and the ERS
0.0 ‘ N B N method with experimental data for weld metal

Stainless steel Carbon steel Stainless steel Carbon steel

Fig. 7 Comparison of predicted moments from the R6
method and the ERS method with experimental
data for base metal test, in terms of materials: (a)
initiation and (b) maximum moments
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Table 9 Comparison of predicted maximum moments with those based on FE J results

Test I.D. FE Results | R6 mliﬁli d GE/EPRI | Paris/Tada | LBB.NRC | LBB.GE | LBB.ENG1 |LBB.ENG2
4111-2 0.77 0.72 0.77 - - - - - -
EPRI-8T 0.88 0.73 0.82 0.66 0.77 0.76 0.72 0.70 0.68
4131-7 0.88 0.67 0.76 0.55 0.65 0.71 0.64 0.63 0.61
4141-1 0.67 0.54 0.61 0.39 0.65 0.60 0.45 0.44 0.42
4141-3 0.83 0.70 0.78 0.58 0.81 0.80 0.65 0.63 0.61
12 1.2 1.2 1.2
1.0 2 ] 1.0 o X 1.0 ° 1.0
$048 r% 02 ° 08 3 U .5 08} ; 8 08F o e
g S, g o 5 i 5 o i
=6l s S| = oef * s So6r o o o Sl T y
; e °|
=" 0.4| Maximum Moment = 0.4 | Maximum Moment = o4l i = g4l ;
(@) R/t (b) 'z (a) Initiation Moment ’ (b) Maximum Mom‘em
02F 02t o e 02f o R6 02t o e
0o ° ERS mclhod | ® ERS method ® ERS method
0 10 20 30 40 30 60 70 80 OA%'O 0"1 012 013 04 00 ‘St‘air‘nle;s ;te‘el‘ - (;ar;ao;x s‘lee‘l ‘ 00 ‘St‘ain‘le;s ;te;l H‘ C‘ar;mx‘l s;ee‘l ‘
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