CONTENTS

INTRODUCTION ... ..
BACKGROUND ... . e

2.1. Sample material and testing in accordance with ASTM E 1921
2.2. Best estimate of T, for sample material ...................
2.3. Best estimate of T, for RPV limiting material ..............
2.4. Fluence function and projection .........................
2.5. Application definition and key parameters ................
2.6. Deterministic evaluation................................
2.7. Probabilistic analysis ................ ... ..

MATERIAL AND APPLICATIONISSUES ..................

3.1. Sample materials available ..............................
3.2. Fluence and transition temperature limits .................
3.3. Applicationissues ................ ..o
331, P-Teurves ...t
332, PTS .
3.3.3. Transferability of toughness values .................
3.3.4. Acceptability of defects found during
in-service inspection .............................
3.4. Master Curve approaches ...............................

DETERMINATIONOFT, .................. e

4.1. General evaluation procedure for T, determination . . .. .. ...
4.1.1. Fracture toughness evaluation .....................
412. Validitycheck ........... ... ... ... ...
4.1.3. Prediction of size effects and transition temperature . .
4.1.4. Determinationof Ty .............................
4.1.5. Establishment of the transition temperature curve

(Master Curve) and tolerance bounds ..............

4.2. Sequence of Tydetermination ...........................

4.2.1. Selection of test temperatures and testing
ofspecimens ........... ... ... ... .

4.2.2. Determination of T, (ASTME1921)...............

4.2.3. Checking the validity of T, (ASTM E 1921-02) ......

N=RRoREN fe Nle NIF N

10

11

11
13
15
15
15
16

17
17

18



43. Analysis of abnormal fracture toughnessdata ..............
43.1. Inhomogeneous materials ..............oooenenenn
4.32. Grain boundary fracture ...............oereernen
43.3. Extrapolation outside the standard validity window ..

4.4. Uncertainty in T, and low bound curve for | (R

DETERMINATION OF T, FOR RPV MATERIAL ...........

5.1. Methodology to determine T, for RPV material ............
5.2. Example application ............cooeiiiienierenees

FLUENCE PROJECTION INCLUDING ATTENUATION ....

6.1, INtrOdUCHON . .\vvnnveianeer e
62. Embrittlement trend CUTVES .. .....oooneen s
6.3. Considerations for attenuation ..............ooeeeeeeeres
6.4. Summary and recommendations . ...

DETERMINISTIC ANALYSIS AND METHODS .............

71, INrOAUCHON .. vvvnnneercncarme e
7.2. Application of the ASME Code Cases N-629 and N-631 . .. ..
7.3. Application of the Master Curve approach to

WWER type TEACIOIS . .o vvvnrneresn e
74. Genericvalues Of RTpy «.vvvvvvvinennn e
7.5. Evaluation of uncertainties...........c.ovvenrerreeeens

75.1. Shiftmethod .......cooiiiiiiienns

752, Directmethod .........coeriiiiiiieiaes
7.6. Application of a Master Curve tolerance bound . ...........
7. Relationship between margin (Y) and tolerance bound (X) ..
78. Master Curveshape ... .. ...

PROBABILISTIC APPLICATION .........convinnenreernns

8.1. Possible approaches ............ovieieiiarrneee e
811, FIAWS « o oottt et aeeeiiiiiice e
812, TIANSIENES .o
8.1.3. Uncertainties in material toughness values ..........

87, Probabilistic analysis ........ ..o

CONCLUSION . ..ottt

32
36

38

38
39
42
48




APPENDIX I: SINTAP FRACTURE TOUGHNESS ESTIMATION:
ANALYSIS OF DATA FOR INITIATION
OF BRITTLEFRACTURE .......................

L1, Overview . ... i
[2. Preliminary steps .........c.oviuiiiiiinininnn..
I[.3. SINTAPprocedure ............. ... ...,
1.3.1. Stage 1: MML estimationof Ty, ....................
1.3.2. Stage 2: Lower tail estimation .....................
[.3.3. Stage 3: Minimum value estimation ................
I.4. Determination of characteristicvalues ....................

APPENDIX II: EXAMPLES OF ABNORMAL FRACTURE
TOUGHNESS DATA ASSESSMENT ..............

I1.1. Examples: SINTAP application ..........................

I1.2. Master Curve and grain boundary fracture ................

I1.3. Examples: Application of the Master Curve outside
the -50°C <T-T,<+50°Crange ........................
I1.3.1. Generalprinciple .................. . ... . .....
I1.3.2. Application near the lowershelf ...................
11.3.3. Application near the uppershelf ...................
11.3.4. Lower shelf adjustment: Background ...............
I1.3.5. Lower shelf adjustment: Application ...............

APPENDIX III: PROMETEY PROBABILISTIC MODEL FOR
FRACTURE TOUGHNESS PREDICTION ........

II1.1. The local criterion for cleavage fracture ...................
ITL.2. The probabilistic model for the K,~(T) curve prediction ... ..
II1.3. Experimental determination of parameters necessary

for brittle fracture toughness prediction ...................

APPENDIX IV: LIST OF ABBREVIATIONS AND SYMBOLS......

REFERENCES ... . i
CONTRIBUTORS TO DRAFTING AND REVIEW ...............



	page 1
	Images
	Image 1

	Titles
	CONTENTS 
	1. 
	INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	2. 
	BACKGROUND. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
	2.1. Sample material and testing in accordance with ASTM E 1921 
	3. 
	MATERIAL AND APPLICATION ISSUES """"""""" 
	4. 
	DETERMINATION OF To ................................. 
	11 
	18 


	page 2
	Images
	Image 1
	Image 2
	Image 3

	Titles
	5. 
	DETERMINATION OF To FOR RPV MATERIAL. . . . . . . . . . . 
	6. 
	FLUENCE PROJECTION INCLUDING ATTENUATION.... 
	6.1. Introduction.......................................... 
	7. 
	DETERMINISTIC ANALYSIS AND METHODS. . . . . . . . . . . . . 
	7.3. Application of the Master Curve approach to 
	8. 
	PROBABILISTIC APPLICATION. . . . . . . . . . . . . . . . . . . . . . . . . . 
	9. 
	CONCLUSION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

	Tables
	Table 1


	page 3
	Images
	Image 1

	Titles
	.,....- 
	APPENDIX IV: LIST OF ABBREVIATIONS AND SYMBOLS...... 
	75 
	83 
	91 
	94 
	96 



