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Abstract

J-R test based on elastic plastic fracture mechanics, has been widely used in safety
assessment of pressure vessel and pipe in nuclear power plant. DC-potential drop (DCPD)
method has been employed by some researchers for use in dynamic loading J-R test to
simulate seismic loading effect. But, the method has the significant shortcoming with
ferromagnetic materials due to ferro—electric noise. In 2001, ASTM excluded DCPD method
from standard test method for J-R test, and added normalization method. But still now, there
are no quantitative comparison of normalization method and unloading compliance method in a
controlled round-robin format. In this study, round robin on normalization method was
conducted under static loading condition. Normalization method overestimated Ji. by 16 %

compared with unloading compliance method, and had maximum deviation of 42 % from mean



value. The problem of current standard procedure was confirmed. When normalization method
is verified in static loading condition test, it is suitable for application to dynamic loading

condition test.
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¥ 1. Chemical composition of round robin test material, A106Gr.C [wt%]

C Mn P S Si Mo Cr Cu A% Ni Fe
0.24 1.08 | 0.011 | 0.011 | 0.23 0.04 0.09 0.09 | 0.007 | 0.11 | balance

3£ 2. Tensile properties of round robin test material, A106Gr.C at room temperature

Y.S. [MPa] U.T.S. [MPa] |Elastic Momulus [GPa]
specimen 1 336.9 567.2
specimen 2 344.8 569.9
specimen 3 346.4 565.4
Mean 342.7 5675 204

3t 3. Participants of ASTM EO08.08.02 normalization round robin program

Organization Representative
Seoul National University, Korea Prof. 1.S. Hwang
Sung-Kyun-Kwan University, Korea Prof. C.S. Seok
Korea Atomic Energy Research Institute, Korea J.H. Hong
Doosan Heavy Industries & Construction, Korea J.T. Kim
Korea Advanced Institute of Science & Technology, Korea Prof. 1.S. Kim
Chonnam National University, Korea Prof. K.J. Kang
United States Naval Academy, USA Prof. J.A. Joyce
NSWCCD Carderock, USA Rob Tregoning
ORNL, USA Mikhail Sokolov
Fracture Technology Associates, USA Ken George
Research Center Rossendorf, Germany J. Boehmert
SCK, Belgium Marc Scibetta
VTT, Finland Kim Wallin




3% 4. Round robin test description.

Test condition Static loading rate ( lmm/min. ), room temperature ( 25 C )
Material A106Gr.C hot-extruded nuclear piping
1 inch thickness CT specimens machined in TL orientation,
Specimen no pre-cracked,

20% depth side groove after pre-cracking

Four of A106 ( one for a0/W=0.5, second for a0/W=0.65, third for

Test number a0/W=0.5 confirmation, fourth for optional ramp loading, respectively )

Tensile properties Tensile test result provided by Seoul National University

unloading compliance method (ASTM E1820-99),

Applied method normalization analysis after test using the high rate annex procedure

J-R curves determined by unloading compliance and normalization method

Analysis Jie's determined by both methods

3 5. Crack length information reported by participants. [unit in mm]

Lab. ay/W=0.5 ay/W=0.5 ay/W=0.5, lamp loading
No. ao ar Aa ao ar Aa ao ar Aa
1 27.59 32.77 5.18 - - - 25.87 35.97 10.10
2 2597 | 30.35 4.38 34.07 | 38.38 431 2597 | 30.57 4.60
3 2596 | 28.42 2.46 33.16 | 35.26 2.10 - - -
4 26.67 | 30.51 3.84 35.69 | 38.76 3.07 26.62 | 30.75 413
5 2595 | 29.55 3.60 33.44 | 35.29 1.85 - - -
6 2469 | 2854 3.86 31.68 | 35.03 3.35 2490 | 27.93 3.03
7 27.10 30.90 3.80 35.20 37.60 2.40 - - -
8 26.60 | 30.29 3.69 34.15 | 36.37 2.22 26.70 | 29.97 3.27
9 25.50 29.40 3.90 33.40 35.40 2.00 25.70 29.10 3.40

¥ 6. Jic values reported by participants. [unit in kJ/m2]

Unloading Unloading Ramp
a/W=0.5 a0/W=0.65 a)/W=0.5

Lab. U.C. N.M. U.C. N.M. N.M.

1 273 294 - - 292

2 266 366 178 320 392
3 222 159 183 187 -

4 234 251 269 275 336
5 163 223 219 271 -

6 279 271 223 262 282
7 365 303 260 282 -

8 277 361 218 301 370

9 203 269 229 298 350
Mean 254 277 222 275 337
Std. Dev. 57 65 32 40 43
Max. Dev.[%] 44 43 21 32 16




3£ 7. Jie values determined by reanalysis with invalid data underlined.

Unloading Unloading Ramp
a0/W=0.5 a0/W=0.65 ao/W=0.5
Lab. U.C. N.M. U.C. N.M. N.M.
1 339" 400" - - 430"
2 284 355" 170 302" 333"
3 281 159” 196 223 -
4 202 274 292 311 334"
5 125 195” 189 256 -
6 265 316 268 202 321
7 443" 251 308 245 -
8 277 361 218 301 370
9 222 308 185 258 245"
Mean 249 266 217 274 321
Std. Dev. 60 71 46 32 46
Max. Error[%] 50 40 35 18 23
1)not valid
2)fiiting problem

¥ 8. Invalidation of Ji. values determined by reanalysis

Test condition

Reasons for Invalidation

Lab.1 ay/W=0.5 [Aap=Aavcl > 0.15 Aa,
ucC Lab.7 ay/W=0.5 R* of J-R curve power fitting < 0.96
Lab.7 a/W=0.65 R* of J-R curve power fitting < 0.96
Lab.1 a/W=0.5 Aar > 4 mm
Lab.1 Ramp loading Aar > 4 mm
Lab.2 a’W=0.5 Aa; > 4 mm
NM
Lab.2 ay/W=0.65 Aa; > 4 mm
Lab.2 Ramp loading Aas > 4 mm
Lab.4 Ramp loading Aas > 4 mm
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19 1. Stress-strain curves of A106Gr.C
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Jic values determined by linear tangent method.

Unloading Unloading Ramp
ay/W=0.5 a/W=0.65 a/W=0.5
Lab. U.C. N.M. U.C. N.M. N.M.
1 339" 398" - - 435"
2 284 339" 170 296" 353"
3 281 323 196 268 -
4 292 337 292 340 349"
5 125 278 189 253 -
6 265 358 268 303 355
7 443" 265 308" 257 -
8 277 361 218 322 377
9 222 307 185 309 354
Mean 249 321 217 293 362
Std. Dev. 60 35 46 34 13
Max. Error[%] 50 18 35 16 4
1)not valid
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18 3. Normalization round robin & ¢3F CT A1 &4
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a9 4. Ji values provided by participants.
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29 5. Ji value distributions for each test conditions
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19 6. Ji values determined by reanalysis.

(b) Measured value distribution




|Jic with standard deviation | Jic values distribution
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(a) Mean value with standard deviation (b) Measured value distribution

% 7. Jie value distributions for test conditions determined by reanalysis.
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29 8. Confirmatory test result
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1% 9. Fitting problem example of a0/W=0.5 of Lab. No.3
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19 10. Jie values determined by linear tangent normalization method.
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1% 11, Jie values distributions for each test conditions determined by linear tangent
normalization method.
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9 12. Comparison of Ji. determined by linear tangent method with JIc determined by
standard procedure
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