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FOREWORD 

The work reported here was performed at Oak Ridge National Laboratory 
(ORNL) under the Heavy-Section Steel Technology Program, C. E. Pugh, 
Program Manager. The program is sponsored by the Office of Nuclear 
Regulatory Research, U.S. Nuclear Regulatory Commission (NRC). The 
technical monitor for the NRC is Michael E. Mayfield. 

is published in two volumes. Volume 1 contains the main body with 
Appendices A and B. Volume 2 contains only Appendices C through F which 
provide detailed load-displacement traces, fracture surfaces, etc. In 
recognition of its very large size, Volume 2 will be distributed only to 
those in the RF'distribution requesting a copy from the HSST Program 
Office. Other reports in this series include: 

This report is designated HSST Program Technical Report 88. It 

1. S. Yukawa, Evaluation of Periodic Proof Testing and Warm 
Prestressing Procedures for Nuclear Reactor Vessels, HSSTP-TR-1, General 
Electric Company, Schenectady, N.Y., July 1, 1969. 

2. L. W. Loechel, The Effect of Testing Variables on the Transition 
Temperature in Steel, MCR-69-189, Martin Marietta Corporation, Denver, 
Nov. 20, 1969. 

3. P. N. Randall, Gross Strain Measure of Fracture Toughness of 
Steels, HSSTP-TR-3, TRW Systems Group, Redondo Beach, Calif., Nov. 1, 
1969. 

4. C. Visser, S .  E. Gabrielse, and W. VanBuren, A Tko-Dimensional 
Elastic-Plastic Analysis of Fracture Test Specimens, WCAP-7368, 
Westinghouse Electric Corp., PWR Systems Div., Pittsburgh, October 1969. 

5. T. R. Mager and F. 0. Thomas, Evaluation by Linear Elastic 
Fracture Mechanics of Radiation Damage to Pressure Vessel Steels, 
WCAP-7328 (Rev.), Westinghouse Electric Corp., PWR Systems Div., . 

Pittsburgh, October 1969. 

6. W. 0. Shabbits, W. H. Pryle, and E. T. Wessel, Heavy-Section 
Fracture Toughness Properties of A533 Grade B Class 1 Steel Plate and 
Submerged Arc Weldment, WCAP-7414, Westinghouse Electric Corp., 
PWR Systems Div., Pittsburgh, December 1969. 

7 .  F. J. Loss, Dynamic Tear Test Investigations of the Fracture 
Toughness of Thick-Section Steel, NRL-7056, Naval Research Laboratory, 
Washington, D.C., May 14, 1970. 

8. P. B. Crosley and E. J. Ripling, Crack Arrest Fracture Toughness 
of A533 Grade B Class 1 Pressure Vessel Steel, HSSTP-TR-8, Materials 
Research Laboratory, Inc., Glenwood, Ill., March 1970. 

9. T. R. Mager, Post-lrradiation Testing of 2T Compact Tension 
Specimens, WCAP-7561, Westinghouse Electric Corp., PWR Systems Div., 
Pittsburgh, August 1970. 

iii 



10. T. R .  Mager, Fracture Toughness Characterizat ion Study of A533, 
Grade B, Class  1 S t e e l ,  WCAP-7578, Westinghouse Electric Corp., 
PWR Systems Div., Pittsburgh, October 1970. 

11. T. R .  Mager, Notch Preparation i n  Compact Tension Specimens, 
WCAP-7579, Westinghouse Electric Corp., PWR Systems Div., Pittsburgh, 
November 1970. 

12. N. Levy and P. V. Marcal, Three-Dimensional E las t i c -P las t i c  
S t r e s s  and S t r a i n  Analys i s  f o r  Fracture Mechanics, Phase I :  
Specimens, HSSTP-TR-12, Brown University, Providence, R.I., 
December 1970. 

Simple Flawed 

13. W. 0. Shabbits, Dynamic Fracture Toughness Proper t ies  of Heavy 
Sec t ion  A533 Grade B Class  1 S t e e l  P l a t e ,  WCAP-7623, Westinghouse Electric 
Corp., PWR Systems Div., Pittsburgh, December 1970. 

14. P. N. Randall, Gross S t r a i n  Crack Tolerance of A533-B S t e e l ,  
HSSTP-TR-14, TRW Systems Group, Redondo Beach, Calif., May 1, 1971. 

15. H. T. Corten and R. H. Sailors, Relat ionship Between Material 
Fracture Toughness Using Fracture Mechanics and Trans i t ion  Temperature 
T e s t s ,  T&AM Report 346, University of Illinois, Urbana, August 1, 1971. 

16. T. R .  Mager and V. J. McLoughlin, The E f f e c t  of an Environment 
of High Temperature Primary Grade Nuclear Reactor Water on t h e  Fatigue 
Crack Growth Charac te r i s t i c s  of  A533 Grade B Class  1 Pla te  and Ueldment 
Material ,  WCAP-7776, Westinghouse Electric Corp., PWR Systems Div., 
Pittsburgh, October 1971. 

17. N. Levy and P. V. Marcal, Three-Dimensional E las t i c -P las t i c  
S t r e s s  and S t r a i n  Analys i s  for  Fracture Mechanics, Phase 11: Improved 
Modelling, HSSTP-TR-17, Brown University, Providence, R.I., 
November 1971. 

18. S. C .  Grigory, T e s t s  of 6-Inch-Thick Flawed Tens i l e  Specimens, 
F i r s t  Technical Summary Report,  Longitudinal Specimens Numbers 1 Through 
7 ,  HSSTP-TR-18, Southwest Research Institute, San Antonio, Texas, 
June 1972. 

19. P. N. Randall, E f f e c t s  of S t r a i n  Gradients on t h e  Gross S t r a i n  
Crack Tolerance o f  A533-B S t e e l ,  HSSTP-TR-19, TRW Systems Group, 
Redondo Beach, Calif., June 15, 1972. 

20. S. C. Grigory, T e s t s  of 6-Inch-Thick Flawed Tens i l e  Specimens, 
Second Technical Summary Report,  Transverse Specimens Numbers 8 Through 
10, Welded Specimens Numbers I 1  Through 13, HSSTP-TR- 2 0 ,  Southwest 
Research Institute, San Antonio, Texas, June 1972. 

iv 



21. L.  A. James and J. A. Williams, Heavy Sect ion S t e e l  Technology 
Program Technical Report No. 21, The E f f e c t  o f  Temperature and Neutron 
Irradia t ion  Upon the  Fatigue-Crack Propagation Behavior of ASTM A533 
Grade B ,  C l a s s  1 S t e e l ,  HEDL-TME 72-132, Hanford Engineering Development 
Laboratory, Richland, Wash., September 1972. 

22. S. C. Grigory, T e s t s  of 6-Inch Thick Flawed Tens i l e  Specimens, 
Third Technical Summary Report, Longltudinal Specimens Numbers 14 Through 
16, Unflawed Specimen Number 17, HSSTP-TR-22, Southwest Research 
Institute, San Antonio, Texas, October 1972. 

23. S. C, Grigory, T e s t s  o f  6-Inch Thick Flawed Tens i le  Specimens, 
Fourth Technical Summary Repor t ,  T e s t s  of 1-Inch-Thick Flawed Tens i le  
Specimens for S i z e  E f f e c t  Evaluation, HSSTP-TR-23, Southwest Research 
Institute, San Antonio, Texas, June 1973. 

24. S .  P. Ying and S .  C. Grigory, T e s t s  of 6-Inch-Thick Tens i le  
Specimens, F i f t h  Technical Summary Report, Acoustic Emission Monitoring of 
1-Inch and 6-Inch Thick Tens i l e  Specimens, HSSTP-TR-24, Southwest Research 
Institute, San Antonio, Texas, November 1972. 

25. R. W. Derby, J. G. Merkle, G. C. Robinson, G. D. Whitman, and 
F. J. Witt, T e s t s  of  6-Inch-Thick Pressure Vesse l s .  Ser i e s  1: 
Intermediate Tes t  Vesse ls  V-1 and V-2 ,  ORNL-4895, February 1974. 

26. W. J .  Stelzman and R. G. Berggren, Radiation Strengthening and 
Embrittlement i n  Heavy-Section S t ee l  Pla tes  and Welds,  ORNL-4871, 
June 1973. 

27. P. B .  Crosley and E. J. Ripling, Crack Arrest  i n  an Increasing 
K-Field,  HSSTP-TR-27, Materials Research Laboratory, Inc., Glenwood, Ill., 
January 1973. 

28. P. V. Marcal, P. M. Stuart, and R. S .  Bettes, E l a s t i c - P l a s t i c  
Behavior of  a Longitudinal Semi-El l ip t ic  Crack i n  a Thick Pressure Vessel, 
HSSTP-TR-28, Brown University, Providence, R.I., June 1973. 

29. W. J. Stelzman, R. G. Berggren, and T. N. Jones, ORNL 
Characterization o f  Heavy-Section S t ee l  Technology Program Pla tes  01, 02, 
and 03, NVREG/CR-4092 (ORNL/TM-9491), April 1985. 

30. Canceled. 

31. J. A. Williams, The Irradia t ion  and Temperature Dependence of 
Tens i l e  and Fracture P r o p e r t i e s  of ASTM A 5 3 3 ,  Grade B ,  C l a s s  1 S tee l  P l a t e  
and Weldment, HEDL-TME 73-75, Hanford Engineering Development Laboratory, 
Richland, Wash., August 1973. 

32. J. M. Steichen and J. A .  Williams, High S t ra in  Rate Tens i le  
Propert ies  of Irradi'ated ASTM A533 Grade B Class  1 Pressure Vessel S t e e l ,  
Hanford Engineering Development Laboratory, Richland, Wash., July 1973. 

V 



33. P. C .  Riccardella and J. L. Swedlow, A Combined Analytical- 
Experimental Fracture Study of the Ticro Leading Theories of Elastic-Plastic 
Fracture (J-Integral and Equivalent Energy), WCAP-8224, Westinghouse 
Electric Corp., Pittsburgh, October 1973. 

34, R. J. Podlasek and R. J. Eiber, Final Report on Investigation of 
Mode III Crack Extension in Reactor Piping, Battelle Columbus 
Laboratories, Columbus, Ohio, Dec. 14, 1973. 

35. T. R. Mager, J. D. Landes, D. M. Moon, and V. J. McLaughlin, 
Interim Report on the Effect of Low Frequencies on the Fatigue Crack 
Growth Characteristics of A533 Grade B Class 1 Plate in an Environment of 
High-Temperature Primary Grade Nuclear Reector Water, WCAP-8256, 
Westinghouse Electric Corp., Pittsburgh, December 1973. 

3 6 .  J. A. Williams, The Irradiated Fracture Toughness of ASi'7Y A533, 
Grade B ,  Class 1 Steel Measured with a Four-Inch-Thick Compact Tension 
Specimen, HEDL-TME 75-10, Hanford Engineering Development Laboratory, 
Richland, Wash., January 1975. 

37. R. H. Bryan, J. G. Merkle, M. N. Raftenberg, G. C. Robinson, and 
J. E. Smith, Test of 6-Inch-Thick Pressure Vessels. Series 2: 
Intermediate Test Vessels V-3, V-4, and V-6, ORNL-5059, November ' 1975. 

38. T. R. Mager, S .  E. Yanichko, and L. R. Singer, Fracture 
Toughness Characterization of HSST Intermediate Pressure Vessel Material, 
WCAP-8456, Westinghouse Electric Corp., Pittsburgh, December 1974. 

39. J. G. Merkle, G. D. Whitman, and R. H. Bryan, An Evaluation of 
the HSST Program Intermediate Pressure Vessel Tests in Terms of 
Light-Water-Reactor Pressure Vessel Safety, ORNL/TM-5090, November 1975. 

40. J. G. Merkle, G. C .  Robinson, P. P. Holz, J. E. Smith, and 
R. H. Bryan, Test of 6-In.-Thick Pressure Vessels. Series 3: 
Intermediate Test Vessel V- 7, ORNL/NUREG- 1, August 1976. 

41. J. A. Davidson, L. J. Ceschini, R. P .  Shogan, and G. V. Rao, The 
Irradiated Dynamic Fracture Toughness of ASTM A533, Grade B ,  Class 1 Steel 
Plate and Submerged Arc Weldment, WCAP-8775, Westinghouse Electric Corp., 
Pittsburgh, October 1976. 

42. R. D. Cheverton, Pressure Vessel Fracture Studies Pertaining to 
PWR LOCA- ECC Thermal Shock: Experiments TSE- 1 and TSE- 2, 
ORNL/NUREG/TM-31, September 1976. 

43. J. G. Merkle, G. C. Robinson, P. P. Holz, and J. E. Smith, Test 
of 6- In. -Thick Pressure Vessels. Series 4 : Intermediate Test Vessels V- 5 
and V-9 with Inside Nozzle Corner Cracks, ORNL/NUREG-7, August 1977. 

44. J. A. Williams, The Ductile Fracture Toughness of Heevy Section 
Steel Plate, NUREG/CR-0859, Hanford Engineering Development Laboratory, 
Richland, Wash., September 1979. 

vi 



45. R. H. Bryan, T. M. Cate, P. P. Holz, T. A .  King, J. G. Merkle, 
G. C. Robinson, G. C. Smith, J. E. Smith, and G. D. Whitman, Test of 
6- in. -Thick Pressure Vessels. Series 3: Intermediate Test Vessel V- 7A 
Under Sustained Loading, ORNL/NUREG-9, February 1978. 

46. R. D. Cheverton and S. E. Bolt, Pressure Vessel Fracture Studies 
Pertaining to a PWR LOCA-ECC Thermal Shock: 
and Update of TSE-1 and TSE-2 Analysis, ORNL/NUREG-22, December 1977. 

Experiments TSE-3 and TSE-4 

47. D. A .  Canonico, Significance of Reheat Cracks to the Integrity 
of Pressure Vessels for Light-Water Reactors, ORNL/NUREG-15, July 1977. ” 

48. G. C. Smith and P. P. Holz, Repair Weld Induced Residual 
Stresses in Thick-Walled Steel Pressure Vessels, NUREG/CR-0093 
(ORNL/NUREG/TM-153), June 1978. 

49. P. P. Holz and S. W. Wismer, Half-Bead (Temper) Repair Welding 
for HSST Vessels, NUREG/CR-0113 (ORNL/NUREG/TM-177), June 1978. 

50: G. C. Smith, P. P. Holz, and W. J. Stelzman, Crack Extension and 
Arrest Tests of Axially Flawed Steel Model Pressure Vessels, NUREG/CR-0126 
(ORNL/NUREG/TM-196), October 1978. 

51. R. H. Bryan, P. P. Holz, J. G. Merkle, G. C. Smith, J. E. Smith, 
and W. J. Stelzman, Test of 6-in.-Thick Pressure Vessels. Series 3: 
Intermediate Test Vessel V-7B, NUREG/CR-O309 (ORNL/NUREG-38), 
October 1978. 

52. R. D. Cheverton, S. K. Iskander, and S. E. Bolt, Applicability 
of LEFM to the Analysis of PWR Vessels Under LOCA-ECC Thermal Shock 
Conditions, NUREG/CR-0107 (ORNL/NUREG-40), October 1978. 

53. R. H. Bryan, D. A .  Canonico, P. P. Holz, S .  K. Iskander, 
J. G. Merkle, J. E. Smith, and W. J. Stelzman, Test of 6-in.-Thick 
Pressure Vessels.’ Series 3: Intermediate Test Vessel V-8, NUREG/CR-0675 
(ORNL/NUREG-58), December 1979. 

54. R. D. Cheverton and S. K. Iskander, Application of Static and 
Dynamic Crack Arrest Theory to TSE-4, NUREG/CR- 0767 (ORNL/NUREG-57), 
June 1979. 

5 5 .  J. A .  Williams, Tensile Properties of Irradiated and 
Unirradiated Welds of A533 Steel Plate and A508 Forgings, NUREG/CR-1158 
(ORNL/SUB-79/50917/2), Hanford Engineering Development Laboratory, 
Richland, Wash., July 1979. 

56. K. W. Carlson and J. A .  Williams, The Effect of Crack Length and 
Side Grooves on the Ductile Fracture Toughness Properties of ASTM A533 
Steel, NUREG/CR-1171 (ORNL/SUB-79/50917/3), Hanford Engineering 
Development Laboratory, Richland, Wash., October 1979. 

vi i 



57. P. P. 'Holz, Flaw Preparations for HSST Program Vessel Fracture 
Mechanics Testing; Mechanical-Cyclic Pumping and Electron- Beam 
Weld-Hydrogen Charge Cracking Schemes, NUREG/CR-1274 (ORNL/NUREG/TM-369), 
May 1980. 

58. S. K. Iskander, Two Finite Element Techniques for Computing 
Mode I Stress Intensity Factors in Two- or Three-Dimensional Problems, 
NUREGICR-1499 (ORNL/NUREG/CSD/TM-14), February 1981. 

59. P. B. Crosley and E. J. Ripling, Development of a Standard Test 
for Measuring Kra with a Modified Compact Specimen, NUREG/CR-2294, 
August 1981. 

60. S. N. Atluri, B. R. Bass, J. W. Bryson, and K. Kathiresan, 
NOZ-FLAW: 
Intensity Factors for Pressure Vessel Nozzle-Corner Flaws, NUREG/CR-1843 
(ORNL/NUREG/CSD/TM-l8), March 1981. 

A Finite Element Program for Direct Evaluation of Stress 

61. A. Shukla, W. L. Fourney, and G. R. Irwin, Study of Energy Loss 
and Its Mechanisms in Homalite IO0 During Crack Propagation and Arrest, 
NUREG/CR-2150 (ORNL/SUB-7778/1), University of Maryland, Colleg-e Park, 
August 1981. 

62. S. K. Iskander, R. D. Cheverton, and D. G. Ball, OCA-1, A Code 
for Calculating the Behavior of Flaws on the Inner Surface of a Pressure 
Vessel Subjected to Temperature and Pressure Transients, NUREG/CR-2113 
(ORNL/NUREG-84), August 1981. 

63. R. J. Sanford, R. Chona, W. L. Fourney, and G. R. Irwin, A 
Photoelastic Study of the Influence of Non-Singular Stresses in Fracture 
Test Specimens, NUREG/CR-2179 (ORNL/SUB-7778/2), University of Maryland, 
College Park, August 1981. 

64. B. R. Bass, S. N. Atluri, J. W. Bryson, and K. Kathiresan, 
OR-FLAW: 
User-Defined Flaws in Plate, Cylinders, and Pressure-Vessel Nozzle 
Corners, NUREG/CR-2494 (ORNL/CSD/TM-165), April 1982. 

A Finite Element Program for Direct Evaluation of K-Factors for 

65. B. R. Bass and J. W. Bryson, ORMGEN-30: A Finite Element Mesh 
Generator for 3-Dimensional Crack Geometries, NUREG/CR--2997, vol. 1 
(ORNL/TM-8527/Vl), December 1982. 

66. B. R. Bass and J. W. Bryson, ORVIRT: A Finite Element Program 
for Energy Release Rate Calculations for 2-Dimensional and 3-Dimensional 
Crack Models, NUREG/CR-2997, vol. 2 (ORNL/TM-8527/V2), February 1983. 

67. R. D. Cheverton, S. K. Iskander, and D. G. Ball, PWR Pressure 
Vessel Integrity During Overcooling Accidents : 
NUREG/CR-2895 (ORNL/TM-7931), February 1983. 

A Parametric Analysis, 

viii 



68. D. G. Ball, R. D. Cheverton, J. B. Drake, and S. K. Iskander, 
OCA-11, A Code for Calculating Behavior of 2-D and 3-D Surface Flaws in a 
Pressure Vessel Subjected to Temperature and Pressure Transients, 
NUREG/CR-3491 (ORNL-5934), February 1984. 

69. A. Sauter, R. D. Cheverton, and S. K. Iskander, Modification of 
OCA-1 for Application to a Reactor Pressure Vessel with Cladding on the 
Inner Surface, NUREG/CR-3155 (ORNL/TM-8649), May 1983. 

70. R. D. Cheverton and D. G. Ball, OCA-P, A Deterministic and 
Probabilistic Fracture-Mechanics Code for Application to Pressure Vessels, 
NUREG/CR-3618 (ORNL-5991), May 1984. 

71. J. G. Merkle, An Examination of the Size Effects and Data 
Scatter Observed in Small Specimen Cleavage Fracture Toughness Testing, 
NUREG/CR-3672 (ORNL/TM-9088), April 1984. 

72. C. E. Pugh et al., Neavy-Section Steel Technology Program - 
Five-Year Plan, FY 198T1987, NUREG/CR-3595 (ORNL/TM-9008), April 1984. 

73. D. G. Ball, B. R. Bass, J. W. Bryson, R. D. Cheverton, and 
J. B. Drake, Stress Intensity Factor Influence Coefficients for Surface 
Flaws in Pressure Vessels, NUREG/CR-3723 (ORNL/CSD/TM-216), February 1985. 

74. W. R. Corwin, R. G. Berggren, and R. K. Nanstad, Charpy 
Toughness and Tensile Properties of a Neutron Irradiated Stainless Steel 
Submerged-Arc Weld Cladding Overlay, NUREG/CR-3927 (ORNL/TM;9709), 
September 1984. 

75. C. W. Schwartz, R. Chona, W. L. Fourney, and G. R. Irwin, 
SAMCR: 
Analysis of Moving Cracks, NUREG/CR-3891 (ORNL/SUB/79-7778/3), University 
of Maryland, College Park, November 1984. 

A Two-Dimensional Dynamic Finite Element Code for the Stress 

76. W. R. Corwin, G. C. Robinson, R. K. Nanstad, J. G. Merkle, 
R. G. Berggren, G. M. Goodwin, R. L. Swain, and T. D. Owings, Effects of 
Stainless Steel Weld Overlay Cladding on the Structural Integrity of 
Flared Steel Plates in Bending, Series 1, NUREG/CR-4015 (ORNL/TM-9390), 
April 1985. 

77. R. H. Bryan, B. R. Bass, S. E. Bolt, J. W. Bryson, 
D. P. Edmonds, R. W. McCulloch, J. G. Merkle, G. C. Robinson, K. R. Thorns, 
and G . D. Whitman, Pressurized- Thermal Shock Test of 6- in. -Thick Pressure 
Vessels. PTSE-1: Investigation of Warm Prestressing and Upper-Shelf 
Arrest, NUREG/CR-4106 (ORNL-6135), April 1985. 

78. R. D. Cheverton, D. G. Ball, S. K. ,Iskander, and R. K. Nanstad, 
Pressure Vessel Fracture Studies Pertaining to the PWR Thermal-Shock 
Issue: Experiments TSE-5, TSE-SA, and TSE-6, NUREG/CR-4249 (ORNL-6163), 
June 1985. 

ix 



79. R. D. Cheverton, D. G. Ball, S. E. Bolt, S. K. Iskander, and 
R. K. Nanstad, Pressure Vessel Fracture Studies Pertaining to the PWR 
Thermal-Shock Issue: Experiment TSE-7, NUREG/CR-4304 (ORNL-6177), 
August 1985. 

80. R. H. Bryan, B. R. Bass, S. E. Bolt, J. W. Bryson, J. G. Merkle, 
R. K. Nanstad, and G. C. Robinson, Test of 6-in.-Thick Pressure Vessels. 
Series 3: Intermediate Test Vessel V-8A - Tearing Behavior of Low 
Upper-Shelf Material, NUREG/CR-4760 (ORNL-6187), to be published. 

81. R. D. Cheverton and D. G. Ball, A Parametric Study of PKR 
Pressure Vessel Integrity During Overcooling Accidents, Considering Both 
2-D.and 3-0 Flaws, NUREG/CR-4325 (ORNL/TM-9682), August 1985. 

82. E. C. Rodabaugh, Comments on the Leak-Before-Break Concept for 
Nuclear Power Plant Piping Systems, NUREG/CR-4305 (ORNL/Sub/82-22252/3), 
August 1985. 

83. J. W. Bryson, 0RVIRT.PC: A 2-0 Finite Element Fracture Analysis 
Program fok a Microcomputer, NUREG/CR-4367 (ORNL-6208), October 1985. 

84. D. G. Ball and R. D. Cheverton, Adaptation of OCA-P, A 
Probabilistic Fracture-Mechanics Code, to a Personal Computer, 
N"REG/CR-4468 (ORNL/CSD/TM-233), January 1986. 

85. J. W. Bryson and B. R. Bass, 0RMGEN.PC: A Microcomputer Program 
for Automatic Mesh Generation of 2-0 Crack Geometries, NUREG/CR-4475 
(ORNL- 6250) ,- March 1986. 

86. G. D. Whitman, Historical Summary of the Heavy-Section Steel 
Technology Program and Some Related Activities in Light-Water Reactor 
Pressure Vessel Safety Research, NUREG/CR-4489 (ORNL-6259), March 1986. 

87. C. Inversini and J. W. Bryson, 0RPLOT.PC: A Graphic Utility for 
0RMGEN.PC and ORVIRT.PC, NUREG/CR-4633 (ORNL-6291), June 1986. 

88. This report. 

89. K. V. Cook and R. W. McClung, Flaw Density Examinations of a Clad 
Boiling Water Reactor Pressure Vessel Segment, NUREG/CR-4860, Revision 1 
(ORNL/TM-l0364/Rl), February 1988. 

90. D. J. Naus et al., Crack-Arrest Behavior in SEN Wide Plates of 
Quenched and Tempered A 533 Grade B Steel Tested Under Nonisothermal 
Conditions, NUREG/CR-4930 (ORNL-6388), August 1987. 

91. D. B. Barker et al., A Report cy, the Round Robin Program Con- 
ducted to Evaluate the Proposed ASTM Stardard Test Method for Determining 
the Plane Strain Crack Arrest Fracture Toughness Kra, of Ferritic Mater- 
ials, NUREG/CR-4966 (ORNL/Sub/79-7778/4), to be published. 

X 



92. W. H. Bamford, A Summary of Environmentally Assisted Crack- 
Growth Studies Performed at Westinghouse Electric Corporation Under 
Funding from the Heavy-Section Steel Technology Program, NUREG/CR- 5020 
(ORNL/Sub/82/21598/1), to be published. 

93. R. H. Bryan et al., Pressurized-Thermal-Shock Test of 6-in.-Thick 
Pressure Vessels. PTSE-2: Investigation of Low Tearing Resistance and 
Warm Prestressing, NUREG/CR-4888 (ORNL-6377), to be published. 

94. J. H. Giovanola and R. W. Klopp, Viscoplastic Stress-Strain 
Characterization of A5338 Class I Steel, NUREGJCR-5066 
(ORNL/Sub/87-SA193/1), to be published. 

95. L. F. Miller et al., Neutron Exposure Parameters for the Metal- 
lurgical Test Specimens in the Fifth Heavy-Section Steel Technology 
Irradiation Series Capsules, NUREG/CR-5019 (ORNL/TM-10582), to be 
published. 

96. B. R. Bass et al., Viscoplastic Dynamic Fracture Analyses of the 
WP-1 Series of Wide-Plate Crack-Arrest Tests, NUREG/CR report (ORNL 
report), to be published. 

xi 





CONTENTS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ABSTRACT 

Appendix C. 

Appendix D. 

Appendix E. 

Appendix F. 

LOAD-DISPLACEMENT AND J-R CURVES, 
ENGINEERING ASSOCIATES, FOR UNIRRADIATED MATERIAL 3 

SUPPLIED BY MATERIALS 
. . .  

LOAD-DISPLACEMENT AND J-R CURVES AND PHOTOGRAPHS, 
SUPPLIED BY OAK RIDGE NATIONAL LABORATORY, FOR 
UNIRRADIATED MATERIAL . . . . . . . . . . . . . . . . .  79 
LOAD-DISPLACEMENT AND J-R CURVES, SUPPLIED BY MATERIALS 
ENGINEERING ASSOCIATES, FOR IRRADIATED MATERIAL . . . .  217 

LOAD-DISPLACEMENT AND J-R CURVES AND PHOTOGRAPHS, 
SUPPLIED BY OAK RIDGE NATIONAL LABORATORY, FOR 
IRRADIATED MATERIAL . . . . . . . . . . . . . . . . . .  305 

xiii 





CHARACTERIZATION OF IRRADIATED CURRENT-PRACTICE WELDS AND A533 
GRADE B CLASS 1 PLATE FOR NUCLEAR PRESSURE VESSEL SERVICEIk 

J. J. McGowan,t R. K. Nanstad, and K. R. Thorns# 

ABSTRACT 

Studies of the effects of neutron irradia ion on fracture 
toughness properties of steels have generally included a minimum 
number of tests for each material condition. The present study 
attempts to apply statistical analyses, with multiple testing at 
selected temperatures, to assess the accuracy and reliability of 
the results. 
in the Bulk Shielding Reactor at Oak Ridge National Laboratory 
at 288’C to target neutron fluences of 2 x lo2’ neutrons/m2 
(>1 MeV). The materials were ASTM A533 grade B class 1 plate 
(HSST Plate 02) and four submerged-arc welds representing the 
current fabrication practice for nuclear pressure vessels. 
unirradiated and irradiated specimens were tested by two 
separate laboratories, and multiple tests were conducted at 
selected temperatures. Statistical analyses permitted the 
determination of material and test variability and an interlabo- 
ratory comparison. Behavior in both the transition and ductile- 
shelf regions was studied. 
tively low radiation sensitivity of low copper/nickel welds and 
the qualitative agreement between Charpy impact and fracture 
toughness observations of toughness degradation. 

Fracture toughness test specimens were irradiated 

Both 

The results demonstrated the rela- 

*Research sponsored by the Office of Nuclear Regulatory Research, 
Division of Engineering Safety, U.S. Nuclear Regulatory Commission under 
Interagency Agreement DOE 40-551-75 with the U.S. Department of Energy 
under contract DE-AC05-840R21400 with Martin Marietta Energy Systems, Inc. 

Military Institute, Lexington, VA 24450. 
fFormerly with Oak Ridge National Laboratory, now with Virginia 

#Engineering Technology Division. 
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A VALIDITY LNDEX 

- K I C  (ASTM E3991 
1. K I C  > u y s  * .lao/2.5 
2 .  K I C  > OYS * -C(B*B~)o.5/2.5 
3 .  PMax/PB > 1.1 

- J I C  (ASTM E8131 

lines. 
a. < 4 data points between 0.15 and 1.5 mm exclusion 

b. Data clustering problem. 

c. Delta-a prediction error too large, 
I(delta-a)pred-(delta-a)meas I > 0.15 (delta-almeas 

d. BN < 25  Je/ay 

e. bo. < 25 JQ/OY 

- Tentativedl - R Curve Procedure 

1. < 3 data points between (delta-a)=O and secant line 
[J=4/-3*0y *(  delta-a) 3 

2 .  < 10 data points between secant line and (delta-a)max 
[O. l*bo 3 

3. (delta-a) prediction error too large, 
I (delta-a)pred - (delta-almeas ! > 
MINIMUM [0.15*(delta-a)meas ,0.15*(delta-a)max] 
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F l o w  s t r e s s  
t i c l d  s t r e s s  
t o u n g i  mudul us E 
J-ItITEGRAL MttA-'iSIC 
F a i l u r e  Type H ( J  at 
J i c  
K j c = ( E J i c ) ^ . 5  
K i c  (Eeta C o r r r c t - e d )  

= HJ33-C PLATE 02 
= -95 c 

= 25.4 rnm 
= .617 
= 31 . 34 chin 

= 6 7 7 . 5  11Fa 

= 2126UO PIFA ( E s t  irn6;ltcd ? a l u s )  
= 5 9 2 . 9  IlF'3 

i n s t a b i  1 i t y  = J i c )  
= 8 .  8 kJ/181^2 
= 43.2 PlPa \ i r n  \'=. 3 
= 4 2 .  I I IPa \ / in  \'=. 5 
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Crack .  E x t . e r t s i o n  (mm) 

H533-B PLATE 82 
5 0  c 
28  2 
2 5 . 4 NI ro 
3 1  . 27 ritrit Ir-lit a1L.l = .I515 
3 9 . 6 4 rij rii F i  nix1 a;'W = . 78 
~ 3 1 . 1  MPa 
2 8 4 4 0 0  MPa ( E s t  i mated Val ue) 
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t h s  1 
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,/ 1 I A'- I 
* 61.0 . c .-' 1.8 1 . 5  2.0 2.5 8 

C r a c k  Extension (mm> 

- LEHST S Q U A R E  LIEIEHf? L I H E  (ASTI.1) J = II (TsJta a> + B 
J i c  = 234. i k J/ri1*2 
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I I 

i---l SPECIfIEFJ 68N-HF1 (U) 

C1 eavage 

I 

F.RILURE TYFE R --- 
R curve < 0 .  1 5 i n i n  t ; < ~ l a ~ ~ i u i 3  I i n c  - 

(Insuff i c i e r s x  f o r  a n a l y s i s )  

C1 eavage 

I 

F.RILURE TYFE R --- 
R curve < 0 .  1 5 i n i n  t ; < ~ l a ~ ~ i u i 3  I i n c  

(Insuff i c i e r s x  f o r  a n a l y s i s )  

[3 

TEST SF'EI:'ItlEtl 
F . i ? e r . i a l  T y p e  
1 e5 1, 

F c r c s n t  S i d e  G ' o a v c  
E V E  c i n w n  T I-, i c I: ?e i s E: 
I n i t i a l  axi.1 
I n i t  c r a c k  I s n > c ) r  a 
F 1 O'J 5 t I . E  5s  
t i e l d  st l "ess  

T E  nnpe r 5 t  c1 - e  

tounga. r n o d i r l  L I Z  E 
J - I I ITEGFAL AtIH -YS IF 
F a i  1 irrc Ty1:;i H ( J  st 
J i c  
E j c = ( E J i c ) - . 5  
K i c  (Beta  C o r r i c t e d ?  
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- c-c - = 217.8 J (@J . / 'T= .C .C)  - ._, . 'j I. J- ii 111 2 t: .j c 

C o e f f i c i e n t  C = 3 6 9 . 8  kJ /mA2 
E : ,r h. J cl Ii E' 1-1 t t4 = .4366 
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1' ax i rii i t  m Lo ad P = 3 4 . 0 1  k t I  
E:< Secant O f f s z t  Pq = 3 8 . 1 7  kt4 
K i c  = 46. 1 M P a  

I HTA CORRECT I O ' I S  USED FOR J-I tdTEGRAL DHTFl 
I'erkle-Ccmvten zorr-ect i o n  
C o r  r e c  t i on f o r  spec i tiien r o t  at i on 
C o r r e c t i o n  t o  J f o r  crack e x t e n s j o n  

G a l  i d i  t.y = I N V H L I I l - - l ,  2 
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SPECIE1EI.I 68L.I-JIl ( U )  

I 

'I FRILLRE: {WE C 
I R  curve  [ 1 . 5  nrnS 

MER 8: RSTM F!ts.IFI YSIS RPPLICRBLE 

I I LL- I 
c .5 1 . B  1 . 5  2. B 2.5 

L3 

C r a c k  Extension (mm) 

= A533-B HSST WELD 
= 288 c 
= 28  :: 
= 25. 4 nini 
= 30 .  72 rorn I n i t  a/W = .684 
= 3 7 . 8 1 rii rii Final a/id = . ? 4 4  
= 5 6 1 . 4  MPa 
= 198880 MFa < E s t  i mated V a l  u e )  

c ( D e l t a  a) t.4 
= 1 6 1 . 3  kJ/rap.2 

- LEAST SQ1~lAF:E LINEAR LINE CAST1.1> J = 1.1 ( I l e l t a  -- 2) + E 
J i c  = 131.  5 k J,'riihZ 
P j c  = 1 5 8 . 4  s1 ope I1 = 2 17894 .  E: 1: J/riI.'.3 
I n t. e r c e p t B = 186 kJ/mh2 
'I (AST1.1> = 132 
b a l  i d i t y  ( J i i >  = VHLID 
b a l  i di t y  (R-cu-ue) = VHLID 
J rn ax i rii 1.1 rn a 1 1 CI J e d = 563. 4 k J/mA2 (Jrilitx=Enet +F1 ow 5 . t  t-.es5./28 > 
I c l t a  a M a x .  a1 lowed = 2 . 8 1  mm ( I l e . 1  t a  a niax = 8. 1*ticl) 



38 

I 

SPECIMEbI E;BI.l-JE ( U I  i---7 
32 ' 

c 

2 
2 
L 

T E4 
It 
C - 
c 

16 -- 
c 
c 
c. u 

a 

I 
FAILURE TYFE A 

R C u r v e  i 0. 15rii:n exclu; i o n  1 i n c  
( I n s u f f  i c i e t i t  f o r  a t i a l y s : i s )  

'I 
.I5 .3i( . 4 5  . 6 0  .75 

B 
8.00 

S p r c  i m r n  L o a c l l  i n e  Drf I c + i : t i r ~ n  (rnrieI 





40 

c1 i- 
1-1 5 t 

2 /r 
// 1 
/ I 

/ ' 5  I 
/*' FRILI-IRE TYPE R 

f? c u r v e  < 0. 15riirii e x c l c ~ : i  
/ (Insufficient f o r  a n a l  
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I I I I 

SPECIMEN 6314-118 ( U l  

I t 

I I 
.5 1 . 8  1 . 5  2.8 2.5 

C r a c k  E x t e n s i  u n  (mrii) 

- 7 EST SPEC I P1Et.I DATA 
I’ at. e r  i a1 Type = A533-B HSST WELD 

F e r c e n t  S i d e  G-ooue = 20 2 
S p e c  i men Thick ‘IQSS = 25 . 4 m m  
I n i t  crack length = 38. 6 4  m m  I n i  t a/l4 = .603 
Final c r a c k  le3gtt-r = 40.62 m m  F i n a l  a/LJ = .799 
F 1 ow s t  r e s 5  = 638.3 MFa 
’r o u n g 9 111 o d u 1 u 5 = 288380 MPa < E a t  i m a t e d  Value) 
FOL-JER LHW DHTH J = C <Delta aZ * 14 
J i c  = 147.4 kJ/riiA2 
t c j c  = 171.8 J ( Ca J/’7’=:8.8) = 466.9 l:J/rl1+.2 

C o e f f i c i e n t  C = 297.9 k J/riiA2 

- LEAST SQUHRE L I N E A E  L I N E  (ASTPl> J = M (XsJta a> + B 
J i c  = 147. 3 kJ/m^2 
k .j c = 171.8 s1 ope M = 1615376. 2: J/rii’.3 
I n t , e r c e p t  B = 128.4 k J / m A 2  
7 (HSTPl) = 82 
$a1 i d i t y  ( J i c )  = VHLID 
$a1 i d i  t y  <k -cu-ue)  = VFtLID 
J riiax i rilurii a1 1 o Jed = 634. 8 k J/m^2 (Jrfl;,r:=Bnet,+F1 CIW 5.t r-pz.z./2D) 
Ie1 t a a ma:.:. a1 1 oued = 2.  82 mm (.DE.lta a mas = 0.lito) 

Test  Temperatu-e = 121 c 

- 

E x p 110 VI e t ]  t N = .5364 

7 (auerage)  = 82 
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C r a c k  E x t . s n s  i u n  (mm) 

- TEST SPECIMEt4  [% 
P .it. cr i a1 T y p e  = A533-E: H S f T  WELD 
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FAILL!F.E’ TYPE B 
R .curve d o f z  n o t  r e z c h  

t h m  1 . 5  nm k x c l u s l o n  I I n e  

--4 

i 

.5 1.8 1 . 5  2.0 2.5 

C r a c k  E x t e n s  i r?n (mm) 

c 
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S p e c  i r nen  Load1 i ne D B f  l e c t i  o n  ( m m )  

= -180 c 
= a : :  
= 2 5 . 4 rii rl) 
= .5g3 
= 3 0 . 1 2 rii rti 

= 818.4 PlPa 
= 778.8 FlPa 
= 212480 MFa 
= a  

Maxi niiirti Load  P = 25.84 k H  
52 S e c a n t  O f f s e t  Pq = 25.89 k N  
K i c = 60.1 MFa \ / m  

v=. 3 
v=.  3 

V a l i d i t y  = VALID K i c  ualue 
K at Maxi riiurii Load = 6 8 . 1  MPa \ / rh  

Plsr-I: 1 e-Cor-t e n  c o r r e c  t i o n  
Corr-ec t i on  f o r  spec i nien r o t  at  i on  
C o r r e c t i o n  t o  J f o r  c r a c k  e x t e n s i o n  

UHTA CCtF:l?ECT IONS USED FOF: J- I NTECEAL D A T A  
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- 
.5 1.0 1 . 5  2.0 2.5 

8 
8.8 

C r a c k  E x t s n s i ~ n  (mm> 

- 7 EST SPEC I MEtl DHTH 
tf a?. e r  i a1 Type  
l e s t  T e m p e r a t u - e  
F e r c e n t  S i d e  G * . O O V ~  
Cpec i men T h i c k  '-1ez.5 
I n i ? .  c r a c k  l e n g t h  
F i n a l  c r a c k  l e - t y t h  
F 1 ow s t r e s s  
L h. I-..-- ...-r(.. 1 . .C 

= H533-B HSST WELD 
= 280 c 
= 2I3 2 
= 25.4 mrll 
= 38.6 m m  I n i t  a/W = .6Q2 
= 35. 29 mrii F i n a l  a/W = , 694  
= 623 MPa 

I L.L41,.43 I I IC 'CIW I c,= = 1 9 5 8 0 ~ 1  rips ( E s t  i m a t e d  V a l  i4e) 
FI3CIER LAbI D H T H  J = C (De l  t a a> N 
J i c  = 1 8 7 . 6  kJ/rii*'2 
k j c  = 1 9 1 . 6  J (@J/ ' l '= :8 .  8 )  = 3215. 1 k,J/'rI1*'2 

C o e f f i c i e n t  C = 28 1 . 4  k J / m h 2  

- 

E x p o n e n t  N = .3399 

7 ( a v e r a g e )  = 58 
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C r a c k  E x t e n s  i 0t-1 (mm) 
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SPEC1IIEl.I G91.1- 1c4 
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8.8 .5 1.61' 1.5  2 . 8  2.5 

C r a c k  E x t e n s  i o n  (mm) 

fi533-E! HSST WELD 
264 c 
20 2 
25 . 4 riirii 
3 8 . I8 rii fii I n  i t a/l4 = . 607 
4 0 . 8 € rii 11) F i n a l  a/bl = .IO4 
623 MPa 
145588 MFa ( E s t i m a t e d  Value)  
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1 I I 

SPECItlElJ 69L.1-174 

I 

FRILUPE Ti'FE R 
E curve < 0. ISrrlrn exclution l i n e  

( Ins u f f i c i e n  t f 0 r' an a 1 yz: i 9 ) 

0 
El. ElEl . 4 0  . B O  1 . 2 0  I .  6i i  

N i x  i muill Load F = 53.9 kl4 

K i c  = 74 .2  NFa \/m 

K i t  tlaxirlourn L o i d  = 125.9 NPa \ / I O  

5% S c c a t i t  O f f 5 c t  Fq = 31.76  k N  

V a l i d i t y  = I l i V f i L I D - - I ,  2, 3 
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I I I 

!iPECIMEf.( 6914-188 (U)  

I 
FRILLRE: TYPE C 

i 
0 .5 1.0 1 . 5  2.0 2 . 5  

C r a c k  E x t a n s i o n  (mm) 

'I EST SPEC I MEN DHTA 
Pate t - i  a1 Type 
'I e5.t Temperat u * e  
F e r c  e n t  S i de G *ooue 
5peciriler-I T h i c k ? e C . S  
I n i t  c r a c k  l e n g t h  
F i nal c r a c k  1 e *lgt h 
F 1 o w  s t  r e s 5  
'r 0 1.4 t i  g 8. M 0 d c4 1 LI s 
FOWER LHW D A T A  J = C ( D e l t a  a) * N 
J i c  = 106.4  kJ/mA2 

E x p G ri E. r~ t N = . 4 8 7  
C o e f f i c i e n t  C = 215.7 kJ/mA2 
'I ( a u e r a g e )  = 50 

- - 

- 
k j c  = 142 .4  J (@.J/-'1=:8.8 } = 296. 3 I( .J/rl1^2 

= A533-E HSST WELD 
= 288 c 
= 20 :: 
= 25. 4 11110 

= 3 6 . 7 E. m m I n i  t a/W = . 6 0 5  
= 4 1 . 5 6  mni F i n a l  a/W = .818 

= 19888a MPa ( E s t i m a t e d  V a l u e )  
= 6 5 0 . 7  rips 
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K 
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8.8 .5 1 .0  1 . 5  2.8 2 . 5  

C r a c k  E x t e n s i  u n  (mm) 
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__  
I I I 

SPEZI11E1I 7014-121 ( U )  

rl 

(I 

e a '". 
'I at3 

age 
1 I 1  I;, 

1 i t i t  
i s )  
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I 

SPECIMEN 70  H-146 IU) 
1 - - - 7  

7561 

C 
2: 

1 

5 

C r a c k  E x t e n s i o n  (mm> 

1EST SPECIME-II DHTH 
P a t  e r  i a1 Type = H533-B HSST'WELD 
- 

I n i  t a/l4 = .548 
F i n a l  a/W = . 7 4 4  

< E s t  i mated Value) 
FOl.IEi.: LH1.I DHTA J = C (Del ta a) N 
J i c  = 115 .6  kJ/ri1*2 
- 
E j c = 150.3 J (@J/7 '=:8 .8 )  = 4 8 8 .  1 k J / r 1 1 * ' - 2  

C o e f f i c i e n t  C = 232.5 kJ/mA2 
E x p o r-1 e t i t  N = .5356 

1 ( a v e r a g e )  = 185 
L E H S T  SQCIARE L INEAR L I t 4 E  (HSTII> J = 11 <IS?ta a) + B 
J i c  = 189.3 kJ/riiA2 
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Cr a c k E x  t. a r-1 s i o n < m i - 1  1 
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SPECIHEN 7114-182 ( U )  

I 

FRILURE TYPE R -- 
E curve < 0 ,  15riirii exclusion 1 ine 

(Insufficient f o r  a t - l a l y s i s )  

0 
8.88 

S p e c i m e n  Load1 i n e  D e f  1 ~ i c : t i o n  ( m m )  

7 EST SPEC I I1Et.l D A T A  - 
.at e r  i a1 Type = H533-E HSST WELD . .  

7 c s t T e rn pe t- a t  u * E' 

F erc  en t  Si de G *ooue 
5 pec i men T h  i c I: *~esz. B 
I n i t i a l  a/W 
I n i t  c r a c k  len3t l - i  a 
Flow s t r e s s  
t i e l  J s t r e s s  
'r OLJngs riiodu 1 us E 
- J -  I NTEGRAL A N A  - Y S  I S 
F a i l u r e  Type A (J at 
J i c  
Kjc= (EJ ic ) ^ .5  
K i c  ( B e t a  Corr :cted> 

= -50  c 
= o x  
= 2 5 .  4 m m  
= . 5 4 c  
= 2 7 . 7 3 r(1 rii 
= 687 .4  MPa 
= 5 4 0 . 7  MPa 
= 218180 N P a  

i n s t a b i l i t y  = J i c )  
= 4 3 . 4  kJ /mAZ 
= 9 5 . 5  MPa \ / m  
= 72.9 I l P a  \/m 

- F S T I l  E394-8 1 H .IALYS I S 
P o d i f i c d  K i c  E q u a t i o n ;  B = (BBn)^.5 
Pax i rnurn Load P = 46.46 kt4 
E2  Secant O f f s z t  Pq  = 32.37 k N  
R i c  = 63.3 MPa \ / m  
Gal i d i t y  = ItdVALID--l, 2, 

(E:s.t i mated V a l  tic') 

L'=. 3 
v=. 3 

- 1 A T A  CORRECT IO qS USE11 FOR J- I NTEGEAL DHTFl -_ 
Perk le -Cor ten  1ot.r-ect i o n  
C o r r e c t i o n  f o r  spec imen r o t a t i o n  
C o r r e c t i o n  t o  J f o r  crack  e x t e n s i o n  
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I I 

SPECIMEN 7 lW-lI34 ( U )  

.5 1 .0  1 .5  
8 
0.0 

TEST SPECIMEt4 D A T A  
I' .at e r  i a1 Type - - - 

C r a c k  E x t e n s  i o n  (mm> 

FOLJER LAW DHTH J = C (Del t a  a> * t4 
J i c  = 7 7 . 5  k J/rii*2 
- 

= 121.6 J ( c d  J/'7'=:8. S > = 2 9 6 . g k J _.I' Ill .*. 2 k j c  
E :<ponetit t4 = .5852 
C o e f f i c i e n t  C = 163.2 kJ/rr*2 
7 (average)  = 65 

k j c  = 1 1 5 . 5  S 1 ope M 
I n t e r c e p t  B = 63.2 k J / m ^ Z  
7 ( A S T I ? )  = 72 
b a l . i d i t y  ( J i c )  = VALID 
b a l  i d i t y  (R-ccc-uc> = VALID 
J rnax i liiufii a1 1 o ded = 515.8 kJ/rn*2 <Jnar:=Enet*Flow s t r e s s / 2 0 >  
I e l t a  a max. a l l o w e d  = 2.2.1 m m  ( D c . l t a  a N I ~ X  = 6. l*bo) 
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I I I 1 

SPECIflEt4 7 ll.I-lQ6 

I 
f I  

I 
/ 

1 

( R  c u r v e  b 1.5 mm) 
I 

MEH L fl STtl F itil$hY S I S HPPL I CfiB L E 
I 

1 
J I I I 

3 .5 1 . a  1.. 5 2.8 2.5 

C r a c k  E x t e n s i  ~n (mn-r) 

1EST SPECIPlEEI DHTA 
E.nt .er ia1 Type 
l e s t  Ter i iperatuAe 
Ferce r r t  S i d e  G - o o v e  
I p e c  i riieri T h  i c I: *less 
I n i t  c r a c k  l e t i ~ t l - I  

' F i n a l  c r a c k  le-1gt.h 
F l o w  s t r e s s  
L ourigs riIQdL4 1 us 

- 
= H533-B HSST WELD 
= 204 c 
= 20 2 
= 25.4 mrn 
= 27.€4 mrii I n i  t all4 = . 5 4 4  
= 38 .12  rnm F i n a l  a/ltl = .75  
= 482 MPa 
- 195580 MPa <Es.t i m a t e d  V a l u e )  - 

- FCIlJER LAM DHTH J = C ( D e l t a  a) * 14 
J i c  = 8 1  kJ/mA2 
K j c  = 125.8 J (13 J. ' l=:8.  8 j = 29 1 . 3 k J/rll+.2 
E :Y p u n E' t-I t N = .4751 
C o e f f  i c i e n t  C = 160.7  kJ/rilA2 
7 (aueragc)  = 6 8  
LEHST SQUHRE LINEAE L INE (HSTM? J = M <DE.lta a) + B - -- 
J i c  = 82. 1 k J / m A 2  
K j c  = 126.7 S1 ope m = 781532. 3 k ~ ' / r l ~ * ~ :  

IntEt 'CEpt E = 75.4 kJ4mA2 
1 ( H S T I I )  = 66 
b.31 i d i t y  ( J i c )  = VHLID 
b a l  i d i t y  ( R - c L J - v E ' >  = It4VHLIIS--l 
J n t  ax i r r  u m a 1 1 CI J E. J = 489.3 kJ/mA2 (Jmaz:=Enet+Flow s t r e s c / 2 0 >  
I e l t a  a rnax. a l l o w ~ d  = 2.32 mm ( D e l t a  a max = 6. l+t lo> 
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. 5  1.a  1 . 5  2.0 2.5 8 a. El 

C r a c k  E x t e t - # s i  o n  (mm) 

- ?EST SF'EC:IPlEN DHTA 
P.st e r  i a1 Type = H533-E HSST IJELD 

F e r c e n t  S i d e  G-uoue = 20 2 
S pec i men T t i  i c k qess = 25. 4 mrii 
I n i t  c r a c k  l e n j t h  = 28.58 mm I n i  t a/W = . 562 
F i n a l  c r a c k  l e q g t h  = 48.54 mrii F i n a l  a/W = .798 
F l o w  s t r e s s  = 521.4 MF'a 
'v uungs  modi.Jl us = 284406 MPa ( E s t  i m a t c d  V a l u e >  
FOWER LAW D A T H  J = C ( D e l t a  a? N 

= 126.7 kJ/m*2 J i c  
k j c  = 168.9 J ( @ J/'7'=:8. 8) - 3~ -. . 2 k J / ' n i * : l  
Exponent  tJ = .5195 
C o e f f i c i e n t  C = 248.2 k J / m A 2  

LEAST SIT!I_IHRE LINEHR LINE (ASTP l )  J = 11 ( I I e l t a  -- a? + B 
J i c  = 122.5 kJ/mA2 

I n t e r c e p t  B = 187.1 kJ/mA2 
1 (HSTM) = 98 

\a1 i d i t y  iR-cu-ue)  = INVALID--3 C.33 us- . 3 3 )  
J rii ax  i rid u rii a 1 1 C) J e d = 529.4 kJ/mA2 (JrilitF:=E:net~Floow s t r e s s / 2 0 >  
I e l t a  a max. a l l o w e d  = 2.22 mm ( D e l t a  a rnax = b . l + b o )  

1 e s t  Teuipet-.at U - Q  = 58 c 

- 
- C h q  

7 ( a v e r a g e )  = 99 

I: j c = 158.2 

b a l  i d i t y  ( J i c )  = VALID 

- 
s1 ope M - - 1307Q2. J,.,m1.3 
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5 6  

4 0  

c 
z 

T! 36 

3 
b 

L 
C - 
C 

211 
.c 

c 
c 
t. 
U. 

i a  

- -- 

Cleavage 
Instab1 1 t t y  

SPECIFlEIi 711.1-1 13 (U) 

1' 

/'T 
/ I  I 

/" 
FRILIUEE TYPE R --- 

R c.cjrve < 8.1Srnril exclusion l i n  
/ 

( 1 n s u f f i c i e n . t  f o r  a n e l y z i s )  

1 E E. t 1 E hpe ra t  u -e 
f E - r c c n t  Side G-ooue 
Epccirlirn Thick'ocss B 
I n i t i a l  a/W 
I n i t  crack Icrr?tll a 
f l o w  s t r e s s  
t i e l d  s t r e i s  
toungz modulus. E 
J-114TEGRHL 6I tH - Y E  IS 
F a i l u r e  Type t3 t J  a t  
J i c  
k j c = ( E J i c  ) A .  5 

= HSST WELD 
= -95 c 
= 0 : :  
= 25.4 1,811, 

= .548 
= 27.65 am 
= 6 5 1 . 5  MPa 
= 593.1 MPa 
= 212600 MPa ( € i t  l r i t s d  Valus)  

f i t t e d  e l a s t i c  l o a d  rang*= 2000 T O  600 C c - r r e c t i o n  t o  J f o r  c r a c k  e > t ~ n ~ . i o n  
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I I 

SPECIMEN 7 1 H- 129 U )  

1 - 1  

2.5 c 8.8 .5 1.8  1 . 5  2 . a  
8: 

C r a c k  E x t e t i s i  cln (mm) 

7 t 5 . t  Teriiperat u - e  = 204 c 
F e r c e n t  S i d e  G - o o u t  = 20 2 
S p e c  i men T h i c k  *ie':.s = 25. 4 mrii 
I n  i t. c r a c  I.: 1 e n  3t h = 2 8 . 2 3 rii m 
F i n a l  c r a c k  l e - i g t h  = 39.17 rniit 
F 1 O W  S t  ~ E ' S C .  = 482 I IPa  
'f I:I IJ ri 12 Z. rii o d u 1 IA E. = 145500 N P a  
- F17WEi LHW UHTH 
J i c  = 95.5 kJ/m*2 

J = C !De 1 t. a a> * tj 

I n i  t a;l4 = .555 
F i n a l  a/ld = .771 

( E s t  i mat. ed Val u e i  
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I 

1 - l  

SPECIMEIJ 7 1 W- 132 ( U ) 

40 I C1 e aveye 

FRIL IJEE TYPE R 
E c u r v e  < 0. 15iclm exclusion 1 i n e  

( Ins u f f i c i e )IT. f o r an a 1 ys i s j 

L, -- 
. 1 8  . 2 0  . 130 . 4 0  . 5 8  

e 
6.08 

S p e c i m s n  Load1 i n e  I3ef l o c t i o n  ( m m )  

TEST S F E C I M E t I  Dm 
P . i t e r i + l  Type = A'"" ~ 2 s - B  HSST IdELII 

1 E'S t Teaper a t  i t -e  = -55 c 
Ferc. int S i d e  C-c~cwe = 0 2 
Epcci r i~en Tlrick-aczs B = 25.4 l i n l f i  

I n i  c i * I  a/ld = .551 
I n i t  c rack  l c t i a t h  a = 27.98 n m  

= 661.5 M P i  F 1 01) S t r e s s  
t i e l d  S t r e s s  = 553.1 MPa 
t s:*ittigs hiOd0.t 1 (15 E = Pl2t:OG Mfa 

F i i l u r c  Type A ( J  at i n s t a b i l i t y  = J i c )  
J i c  = 16.6 )tJ/cn"2 
C j c = ( E J i c j A . 5  = 59.6 l lPa \/I, v=. 3 
C i c  ( B e t a  Cot - r rc tcd)  = 55.4 I IPa  \/lo \I=. 3 

(E:s.tima?,~d Value) 

J -  1ttTEGF:HL AttH - Y S  IS 

1' a x  i PI u i n  Lo  ad P = 30.73 k t l  
t%  S ~ c a i i t  O f f s ? t  P q  = 30.73 k N  
E i c  = 61.1 MPa \ / 1 1  

b a l i d i t y  = INVHLlD--2 
L A T H  COFFECTI0,tS IJSED FOR J-INTEGFtilL D H T F i .  
Fc . rk .1  ~ - C c n c - t c n  3FFSET L O R D =  0 1 b ' OFFSET I'E.FLECTIOt4 =-2. 5765388762E:E- @ J  i r,. 
Cpeci i i~en r o t i r t  i o n  Load intercept e lant  i c  s l o p e  =-I. 1515151515Z:E-.07 It 
F i t t e d  elastic I c e d  range= 2000 T O  6.00 C c w r c c t i o n  t o  J fur  c r s c k  e, : tcnr . ion 
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I I 

SPECIMEN 7 114- 136 U 

1 - I  

&-- 

FH I LLIRE: TCPE / C 

C R  curve > 1 . 5  mm) / MER k RSTII FilrlFtLYSIS H F F L I C R B L E  

. 5  1.13 1 . 5  2.8 2 . 5  

C r a c k  E x t s n s i  m n  (mm) 

- 1EST SPECIPlEt.1 
Pat.  et- i a1 T y p e  
1 e s t  T e m p e r - a t  u * e  
F e r c e n t  S i  d e  G-ucave 
E p e c i r n e n  T t i i c k 7 e c . s  
I n i  t c r a c k  1er lg t .h  
F i n a l  c r a c k  1 e?9f,h 
F 1 ow s t  r e s . 5  
'T 13 1.1 r i  3 5. 

FOL*IER LH14 DATH J = 
rii ci d 1-1 1 1-1 5. 

- 
J i c  

= 13533-B HSST WELD 
= 121  c 
= 20 2 
= 25. 4 rnrn 
- - 28. 16 ~ l r i i  I n i  t a/L4 = .554 
= 48.  1 rnin F ' i  rial a/LJ = .789 
= 4 8 4 . 2  P1Pa 
= 2@@300 MFa ( E s t  i m a t e d  V a l u e )  

c ( D e l t a  a) N 
= 144 .4  kJ/mA2 

k j c  = 1 6 4 . 6  s 1 ope M 
I n t e r c  ep t B = 1 0 4 . 6  kJ/mA2 
7 ( A S T M j  = 155 
b a l  i d i t y  ( J i c )  = V f i L I D  
b a l  i d i t y  ( R - c c c - u e )  = V A L I D  
J max i r i i ~ r i i  a 1 1 o JQ d = 496.6 k J/mA2 (Jroax=I :net  +F 1 ow s t r e s s / ' 2 0 )  
f e l t a  a N I ~ X .  a1 l o w e d  = 2.26 mnl ( D e l t a  a max = B . l * b o >  
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C r a c k  Extens i on (mm) 

c - - -5  l e s t  Ternperatu-e 
F e r c e n t  S i d e  G-oove = 8 2 
I pec i ri1et-1 T h  i c I: piec.5 = 25. 4 riirii 
I n i t  c r a c k  l e n g t h  = 28.24 rnrli 
F i n a l  c r a c k  l e q g t h  = 31.43 mrii 
F l o w  s t r e s s  = 5652.7 MPa 
L ocrngs riiodu 1 US = 2075cio pira 
FOWER LAW DHTH J = G ( D e l t a  a> * N 

K .j c , = 197.7 J (QJ/' l=:S.8> = 8 I: J / m " 2  

C o e f f i  c i e n t  C = 397.2 I:Jz.'rii^2 

- 
J i c  = 188.3 kJ/mi^2 

E x p o ne n t N = , 6 5 4 9  

7 (average)  = 165 

I n i t  a/l4 = .556 
F i n a l  a/LJ = .618 

< E s t  i m a t c d  V a l u e )  

- LEHST SQUARE LINEHR LINE ( H S T M >  
J i c  = 155. 3 k J/ri1^2 

J = Pl ( IZJta  a) + B 

= 179.5 s1 ope M = 258532. 2; C J/ri1.,.3 K j c  
I n t e r c e p t  E = 119..6 k J/rn*2 
1 (HSTM) = 176 
b a l  i d i t y  ( J i c )  = It4VALIU--c (.S2 UP. . 4 7 )  
b a l  i d i t y  <R-cu- .ue> = INVALID--3 C.82 uc. .33) 
J rnax i ri iur i i  a1 1 o J e d  - - 632. S kJ,'rli*2 (Jear :=Bnet*F low s t r e s s / 2 0 >  
I e l t a  a rnax. a l l o w e d  = 2.25 riitii ( D e l t a  a max = 8.lwho) 



76 

c . c' 
C r a c k  E x t s n s i  o n  (mm) 
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5 

4 

1 

- TEST SPECIPlEN D x  
Pat e r  i a1 Type 
7 est, Temperat. u-e 
F e r c e n t  S i d e  C-oove 
E p e c  i men T h  i c I: '1ez.5 
I n i  t c r a c k  l e n g t h  
F i nal c r a c k  1 e?yt,h 
F l o w  s t r e s s  
t o LJ n g E. mod 11 1 us 

C r a c k  E x t e n s i o n  (mm) 

= A533-B HSST WELD 
= 288 c 
= 20 2 
= 25.4 mm 
= 27.71 m m  I n i t  a/GJ = . 5 4 5  
= 38.76 mm F i n a l  a/W = .763 
= 508.1 MPa 
= 19)8188 MPa ( E s t  i mated V a l  u e )  

- FOWEF:  LHW DHTA 
J i c  = 81.1 kJ/mA2 

J = c ( D e l t a  a) * t4 

= 124.4 J (@J/'7'=:1.8> = 3 4 7 . 2  kJ'/rll^2 K .j c 
Exponent  N = .5375 

7 ( a v e r a g e )  = 74 
C o e f f  i c i e n t  C = 177.7 kJ/rii*2 

LEAST SQUARE L I H E A R  L I N E  (HSTPl> J = I1 (IzJta a> + - 
J i i  = 83.8 k J/rii*2 
K j c  = 126.5 s 1 ope t l  = 96894, 6 k <'/mA:: 

I n t e r c e p t  B = 75.9 kJ/mA2 
7 (ASTPl) = 71  

b a l  i d i  t y  (R-cu-ue)  = It4VHLID--l  
J max i  m u m  a1 1 o Jed = 5 1 5 . 8  kJ/m^2 (Jmar:=Enet*Flow s.t.r-ess/28> 
1 ~ 1  t a  a max. a1 lowed = 2.31 mm (Delta a max = (3. lwbo) 

b a l  i d i t y  ( J i c )  = VALID 
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7 5 8  

E 80 
P 

R < 
e 
\ 
c: 4 5 8  
3 
b 

r 
-c 

LL' 

* 
T 
C 

.- 300 

.C 

z 
150 

-- 
I I I 

SPECItlEN 7 1 H- 152 U I 

I 

/ 

I I LL- I 

.5 1 . 8  1.5 2 .8  2 . 5  @ a.  8 

C r a c k  E x t e n s i o n  (mrti) 

- 1 E S T  SPECIMEN D X  
Pat. e r  i a1 Type = A533-B HSST LdELD 

I n i  t a/bJ = . 553 
F i n a l  all4 = . 7 5 2  

( E s t  i mated  Val u e )  

7 e s t  Temperat  u - e  = 121 c 
Fer-cent S i d e  G - o ~ u e  = 20 2 
I pec  i men T h  i c I: -1es.5 = 2 5 . 4 NI m 
I n i t  c r a c k  l e n g ? - h  = 28. 13 mm 
F i n a l  c r a c k  l e > t g t h  = 3 8 . 2 1  mm 
F l o w  s t r -ess  = 4 8 9 . 2  MPa 
\ o u n g s m o d u 1 1-1 5. = 20c1300 p1pa 
FOWER LHld ISHTH J = C (Del t ,a a) 14 
J i c  = 131.6 I:J/riiA2 
k j c  = 1 6 2 . 4  J ( c d  J/'1'=:8. 8 ) = 7 E15 . 5 I: J ' i r11  r.3 L 

- 

E xponent. t4 = .€#ill 

'I (auerage)  = 143 
C oe f f i c i en t C = 2 8 2 . 2  kJ/mA2 

- LEHST SQUHRE LIt4EAR L INE ( A S T H )  J = 11 (IsJta a? + B 
J i c  = 1 1 4 . 4  kJ/mA2 

I n t e r c e p t  B = 9 2 . 9  kJ/mA2 
'I ( A S T M )  = 153 
b a l  i d i t y  ( J i c )  = V A L I D  
b a l i d i t y  (R-cu-ue) = V A L I D  
J maxi  riiurii a1 1 G J E . ~  = 496.  6 k J/mA2 (Jmar:=E:net.+Fl OI,! s . t , r e ~ ~ . / 2 8 j  
I e l t a  a ma./:. a1 lowed  = 2.27 mm ( D e l t a  a max = O . l + b o >  

IC j c  = 1 5 1 . 4  S1 ope M = 183219 1: JX'rilc.3 



Appendix D 

LOAD-DISPLACEMENT AND J-6 CUKVES AND PHOTOGRAPHS, 
SUPPLIEU BY OAK RIDGE NATIONAL LABORATORY, 

FOR UNIWIATEU MATEKIAL 

c 
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- J I C  (ASTM E813L 
1. < 4 data points between 0.15 and 1.5 mm exclusion 

lines. 

2. Data clustering problem. 

3. BN < 25 JQ/UY 

4 .  bo < 25 J Q / u ~  

~ 5 .  dJ/da > u f l o w  

6 .  Delta-a prediction error too large, 
:(delta-a)pred-(delta-a)meas f > 0.15 (delta-a)meas 

Tentative JI - R Curve Procedure 

1 -  < 3 data points between (delta-a)=O and secant line 
[J=4/3*uy*(delta-a)] 

2. < 10 data points between secant line and (delta-a)max 
10. l*bo 3 

3. (delta-a) prediction error too large, 
:(delta-a)pred - (delta-a)meas f > 
MINIMUM [0.15*(delta-a)meas,O~l5*(delta-a)max] 
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SPECIMEN ID= 02GA283 
MATERIAL TYPE- A533-B-1 
TEST TEMPERATURE= -95 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 0 96 
I N I T I A L  CRACK LENGTH= 31.6 mm a/W) i =  
MEASURED DUCTILE DELTA-A= . 0 5  mm 
YIELD STRENGTH, 593 MPe 
FLOW STRENGTH, 678 MPa 
ESTIMATED YOUNG'S MODULUS= 213 GPa 

619 

SPECIMEN CLEAVED AT K I c =  57.2 MPa SQRCml (VALID ASTM €399) 

UM LOAD VALUES AT CLEAVAGE LOAD 

3 k J/mh2 J-INTEGRAL- 13.3 kJ/m^2 
PRCml KJc- 53.2 MPa SQRCml 
MPa SQRCml K-beta-c-  50.4 MPa SQRCml 

------- ....................... 

YP1247 
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ORNL-DWG 87-7893 

02GR283 -95 DEGREES C 
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DISPLACEMENT ( m m )  



a5 

02GA293 
TURE- 23 DEG C 
25 .4  mm 
- 0 %  
K LENGTH- 31.5 mm a/W)i= .619 

W t A S U K t D  UULTILE DELTA-A- 1.06 mm 
YIELD STRENGTH= 474 MPa 
FLOW STRENGTH= 550 MPa 
ESTIMATED YOUNG'S MODULUS- 206 GPa 

SPECIMEN CLEAVED AT K = 102.2 MPa SQRCmI (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 248.6 kJIm"2 J-INTEGRAL- 381.1 kJ/m"2 
KJc- 226.2 MPa SQRCmI KJc= 280.1 MPa SQRCml 
K -be ta -c -  99.3 MPa SQRlml K-beta-c= 107.6 MPa SQRCml 

...................... ....................... 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J Ic -  153.6 kJ/m"2 ~ I C -  112.4 kJ/m"2 
K - J I c =  177.8 MPe SQRtml K - J I c -  152.1 MPa SQRCml 
POWER- - .7307 SLOPE- 291420 kJ/m"3 
COEFFICIENT- 379.7 k J/m"2 INTERCEPT= 82.6 kJ/m"2 
T (AVERAGE)= 184  T (ASTM)- 198 

------------------- ..................... 

INVALID, 2 

J I - R  CURVE CALCULATIONS ----------------------- 
J (@JJ/T-8.83- 877.4 kJ/m"2 
POWER- .6473 COEFFICIENT- 364.9 kJ/m"2 
J-MAX ALLOWED- 533.9 kJ/m"2 DELTA-A MAX ALLOWED- 1.94 mm 

V A L  I D R-CURVE 

YP1248 
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ORNL-DWG 87-7894 
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SPECIMEN ID= 02GA296 
MATERIAL TYPE= A533B 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 31.4 mm a /W) i=  .617 
MEASURED DUCTILE DELTA-+ .05 mm 
YIELD STRENGTH= 529 MPa 
FLOW STRENGTH= 609 MPa 
ESTIMATED YOUNG'S MODULUS= 209 GPa 

TEST TEMPERATURE= - 4 0  DEG C 

SPECIMEN CLEAVED AT K = 69 MPa SQRCmI (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 22.8 kJ/m*2 J-INTEGRAL= 22.8 kJ/mh2 
KJc= 69.1 MPa SQRCml KJc= 69.1 MPs SQRlml 
K-beta-c -  59.5 MPa SQRCmI K-beta-c=  59.5 MPa SQRlml 

...................... ....................... 

YP1246 
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SPECIMEN ID= 02GA299 
TEST TEMPERATURE= 50 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOUES- 20 k 
INITIAL CRACK LENGTH- 31.6 mm s/W?i= .62 
MEASURED DUCTILE DELTA-A= 3.09 mm 
YIELD STRENGTH= 456 MPa 
FLOW STRENGTH= 531 MPa 
ESTIMATED YOUNG'S MODULUS- 204 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 265.5 kJ/m"2 
KJ-MAX LOAO- 232.9 MPa SQRCml 

POWER LAW PROCEDURE 

JIc= 213.9 kJ/m"2 
K-JIc= 209.1 MPa SQRCml 
POWER- .5363 
COEFFICIENT= 374.9 kJ/m^2 
T (AVERAGE)= 140 

------------------- 

JI-R CURVE CALCULATIONS ....................... 
3 (@J/T=8.8)= 663.8 kJIm"2 
POWER= .4978 
J-MAX ALLOWED= 513.2 kJ/m"2 
RCURUE INVALID, 2 

ASTM LINEAR PROCEDURE 

JIc= 207.6 kJ/m"2 
K-JIc= 206 MPa SQRtml 
SLOPE= 194064 kJ/m"3 
INTERCEPT- 169.7 kJh"2 
T (ASTMI- 141 
V A L I D ,  E813 

..................... 

COEFFICIENT= 373.6 kJ/mh2 
DELTA-A MAX ALLOWED= 1.93 mm 
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SPECIMEN ID= 02GA301 
MATERIAL TYPE= A533B 
TEST TEMPERATURE= - 4 0  DEG C 
THICKNESS= 25.4 mm 
SIDE GROOUES- 0 % 
INITIAL CRACK LENGTH- 31.4 mm a/W)i= .621 
MEASURED DUCTILE DELTA-A- .05 mm 
YIELD STRENGTH= 5 2 9  MPa 
FLOW STRENGTH= 6 0 9  MPa 
ESTIMATED YOUNG'S MODULUS= 209 GPa 

SPECIMEN CLEAVED AT K = 73.8 MPa SQRCml (NOT VALID KIc) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 26.6 kJ/mA2 J-INTEGRAL= 26.6 kJ/m"2 
KJc= 74.6 MPa SQRCml KJc= 74.6 MPa SQRCml 
K-beta-c= 62.6 MPa SQRtml K-beta-c- 62.4 MPa SQRCml 

...................... ....................... 

YP1244 
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ORNL-DWG 87-7899 
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SPEC I MEN I D= 02GA3 03 
TEST TEMPERATURE= 121 DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES- 20 $6 
I N I T I A L  CRACK LENGTH- 3 1 . 7  mm a /W) i=  .62  
MEASURED DUCTILE DELTA-A= 3.04 mm 
YIELD STRENGTH= 4 2 4  MPa 
FLOW STRENGTH= 500  MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN D I D  NOT CLEAVE, J-MAX LOAD= 233.1 k J / m " 2  
KJ-MAX LOAD= 2 1 6 . 1  MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  171 kJ/m"2 ~ I C =  177 k J / m " 2  
K - J I c =  185.1 MPa SQRCmI K - J I c =  188.3 MPa SQRCml 
POWER= .5717 SLOPE= 172848 k J/m"3 
COEFFICIENT- 327.5 kJ/m"2 INTERCEPT= 146.4 kJ/m"2 
T (AVERAGE)= 144 T (ASTM)= 138  

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 595.8 k J / m " 2  
POWER= .4869 COEFFICIENT= 3 2 7  kJ/m"2 
J-MAX ALLOWED= 484.4 kJ /m^2  DELTA-A MAX ALLOWED= 1.94 mm 
RCURUE INVALID, 1 

YP1213 
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SPECIMEN ID= 02GA309 
TEST TEMPERATURE- 23  DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 31.3 mm a /W) i=  .617 
MEASURED DUCTILE DELTA-A= .56 mm 
YIELD STRENGTH= 474 MPa 
FLOW STRENGTH= 550  MPa 
ESTIMATED YOUNG'S MODULUS= 206 GPa 

I SPECIMEN CLEAVED AT K = 238.9 MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 277 k J I m " 2  J-INTEGRAL= 277 k J / m * 2  
KJc= 238.9 MPa SQRCml KJc= 235.9 MPa SQRCml 
K-beta-c=  101.4  MPa SQRlml K-beta-c -  101.4 MPa SQR[ml 

...................... ....................... 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  216.6 k J / m * 2  J I c =  0 k J / m h 2  
K - J I c =  211.2 MPa SQRlml K - J I c =  0 MPa SQRCml 
POWER= .7556 SLOPE= 0 kJ/m^3 
COEFFICIENT= 481.9 kJ/m*2 INTERCEPT= 0 kJ/m*2 
T (AVERAGE)= 235 T (ASTM)= 0 

------------------- ..................... 

INVALID, 1 

YP1242 
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n 

N < 
E 488 '. 

J I -R ClJRVE CALCULAT IONS 
_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ -  
J ( @ J / T = 8 .  H I =  773.3 k 3 / m " 2  
POWER= .5503  COEFF I C I ENT= 40 1 .4  k J./'m^2 
J-MAX ALLOWED= 535 kJ/m"2 DELTA-A MAX ALLOWED= .1.95 rnm 
ECURUE I N V A L I D ,  2 

MODIFIED-ERNST J- INTEGRAL 

- - -  BLUNTING LINE HCTUHL DELTA-F 

- A J ( 8 . 8 t c T a v  3 JIC(E-833) 

- /' 

. . , . . . . . . ...... . . ... .. . . . .. .. . . OFFSET LINES I J IC(Pl rdR L A W )  - 
r 

LOAD-DISPLACEMENT CURVE UNAVAILABLE - 

ORNL-DWG 87-7902 

Q12GA309 2 3  DEGREES C 

I 3 00 

.2 . 4  .6 .8 1 0 

CRRCK EXTENSION ( m m )  



97 

SPECIMEN ID= 02GA312 
MATERIAL TYPE= A533-E-1 
TEST TEMPERATURE= -95 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 31.2 mm a/W)i= .612 
MEASURED DUCTILE DELTA-A- .05 mm 
YIELD STRENGTH= 593 MPa 
FLOW STRENGTH= 678 MPa 
ESTIMATED YOUNG'S MODULUS= 213 GPa 

SPECIMEN CLEAVED AT K I c =  41.8 MPa SQRCml (VALID ASTM €399)  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 6 .4  kJ/mh2 3-INTEGRAL= 6.4 k J r m " 2  
KJc-  36.8 MPa SQRCml KJc= 36.8 MPa SQRCml 
K-beta-c=  36.3 MPa SQRCmI K-beta-c= 36.3 MPa SQRCml 

...................... ....................... 

IT1211 
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SPECIMEN ID= 02GA321 
TEST TEMPERATURE- 204 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 20 X 
I N I T I A L  CRACK LENGTH= 31.9 mm a/W)i= .626 
MEASURED DUCTILE DELTA-A= 3.139 mm 
YIELD STRENGTH= 418 MPa 
FLOW STRENGTH= 498 MPa 
ESTIMATED YOUNG'S MODULUS= 196 GPa 

SPECIMEN D I D  NOT CLEAVE, J-MAX LOAD- 248.2 kJ/m^2 
KJ-MAX LOAD= 220.3 MPe SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  199.3 kJIm"2 J I c =  191.4 kJ/mn2 
K - J I c =  197.4 MPa SQRCml K - J I c =  193.5 MPa SQRCml 
POWER- .3993 SLOPE= 127287 kJ/m"3 
COEFFICIENT= 303 .1  kJ/m"2 INTERCEPT= 167 kJ/mn2 
T (AVERAGE)= 9 4  T IASTM)= 100 

------------------- ..................... 

V A L I D ,  E813 

31-R CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 425.3 kJ/mA2 
POWER= ,3664 COEFFICIENT= 302.3 kJIm"2 
J-MAX ALLOWED= 474.8 kJ/mn2 DELTA-A MAX ALLOWED- 1.91 mm 
RCURUE INVALID, 2 

YP1240 
*- c -.i -t ,- 

5' 
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SPECIMEN ID= 026A325 
TEST TEMPERATURE= 121 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 24 % 
I N I T I A L  CRACK LENGTH= 31.7 mm e/W) i= .622 
MEASURED DUCTILE DELTA-A= 4.11 mm 
YIELD STRENGTH= 424 MPa 
FLOW STRENGTH= 5 0 0  MPa 
ESTIMATED YOUNG'S MODULUS= 2 0 0  GPa 

SPECIMEN DID  NOT CLEAVE, J-MAX LOAD- 282.5 kJ/m"2 
KJ-MAX LOAD- 237.9 MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

JIc= 139.8 kJ/mn2 JIc= 114.5 kJ/m"2 
K - J I c =  167.3 MPa SQRCml K-JIc= 151.5 MPa SQRCm3 
POWER= .5976 SLOPE= 195314 kJ/m"3 
COEFFICIENT= 293.1 kJ/m"2 INTERCEPT= 92.2 kJ/m"2 
T (AVERAGE)= 139 T (ASTM)=  156 

------------------- ..................... 

VALID,  E813 

JI-R CURVE CALCULATIONS ....................... 
J (@J/T=8.81= 688 kJ/m"2 
POWER= .5958 COEFFICIENT= 292.8 kJ/m"2 
J-MAX ALLOWED= 482.7 kJIm''2 DELTA-A MAX ALLOWED= 1.93 rnm 
RCURVE INVALID, 1 

YP1239 
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SPECIMEN ID= 02GA326 
TEST TEMPERATURE= 204 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES- 20 Y 
I N I T I A L  CRACK LENGTH= 31.7  mm a/W)i= ,623 
MEASURED DUCTILE DELTA-A= 5.73 mm 
YIELD STRENGTH= 418 MPa 
FLOW STRENGTH= 498 MPa 
ESTIMATED YOUNG'S MODULUS- 196 GPa 

SPECIMEN DID NOT CLEAVE, 3-MAX LOAD= 250 kJ/m"2 
KJ-MAX LOAD= 221.1  MPa SQRCml 

POWER LAW PROCEDURE 

~ I C -  148.4  kJ/m"2 
K - J I c =  170.3 MPa SQRCml 
POWER= .4626 
COEFFICIENT= 259.4 kJ/mh2 
T (AVERAGE)= 96 

------------------- 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)- 439.1  kJYm"2 
POWER= .4576 
J-MAX ALLOWED- 478.1 kJ/m"2 

ASTM LINEAR PROCEDURE 

J I c =  142.5 kJ/m*2 
K - J I c =  166.9 MPa SQRCml 
SLOPE= 126090 kJ/mA3 
INTERCEPT= 124.4 kJ/m"2 
T (ASTM)- 99 
VALID, E813 

..................... 

COEFFICIENT- 259 kJ/m"2 
DELTA-A MAX ALLOWED= 1.92 mm 
VALID R-CURVE 

YP1238 
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SPECIMEN ID= 02GA327 
TEST TEMPERATURE= 288 DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES= 2 0  % 
I N I T I A L  CRACK LENGTH= 32.2 mm a /W) i=  .632 
MEASURED DUCTILE DELTA-A= 6 . 0 1  mm 
YIELD STRENGTH= 444 MPa 
FLOW STRENGTH= 5 3 4  MPa 
ESTIMATED YOUNG'S MODULUS= 191 GPa 

SPECIMEN DID  NOT CLEAVE, J-MAX LOAD= 168.9 kJ/mA2 
KJ-MAX LOAD= 179.5 MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  130.9 kJ/m"2 ~ I C =  132.2 kJ/mA2 
K - J I c =  158 MPa SQR[ml K - J I c =  158.8 MPa SQRlmI 
POWER- .455 SLOPE= 109068 kJ/m"3 
COEFFICIENT= 236.4 kJ/mh2 INTERCEPT= 118.7 kJIm"2 
T (AVERAGE)= 75 T (ASTM)= 73 

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS 
-------------^^-------- 

J (@J/T=8.8)=  337.8 kJ/m"2 
POWER= .4083 COEFFICIENT= 2 3 6 . 1  kJ/m"2 
J-MAX ALLOWED= 500.8 kJ/mn2 DELTA-A MAX ALLOWED= 1.88 mm 
RCURVE INVALID, 2 

YP1237 
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SPECIMEN ID= 02GA-350 
MATERIAL TYPE= A533-E-1 
TEST TEMPERATURE- - 8 0  DEG C 
THICKNESS3 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 3 1 . 7  mm a/W) i =  
MEASURED DUCTILE DELTA-A= . 0 5  mm 
YIELD STRENGTH= 5 7 4  MPa 
FLOW STRENGTH= 6 5 7  MPa 
ESTIMATED YOUNG'S MODULUS= 212 GPa 

622 

SPECIMEN CLEAVED AT K I c =  50.3 MPa SQRlml (UALID ASTH €399) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 13.3 kJ/mh2 J-INTEGRAL= 13.3 k J / m ^ 2  
KJc= 5 3 . 1  MPa SQRCml KJc= 5 3 . 1  MPa SQRlml 
K-beta-c= 50.1  MPa SQRCml K-beta-c= 5 0 . 1  MPa SQRCml 

...................... ....................... 

YP1236 
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SPECIMEN ID= 0266357 
TEST -TEMPERATURE= 288 DEG C 
THICKNESS= 25 .4  mm 
SIDE GROOVES= 20 !% 
I N I T I A L  CRACK LENGTH= 31.9 mm e /W>i=  .627 
MEASURED DUCTILE DELTA-A= 3.73 mm 
YIELD STRENGTH= 444 MPa 
FLOW STRENGTH= 534 MPa 
ESTIMATED YOUNG'S MODULUS= 1 9 1  GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 2 0 0 . 1  kJ/m^2 
KJ-MAX LOAD= 195.4 MPa SQRlml 

POWER LAW PROCEDIJRE ASTM LINEAR PROCEDURE 

JIc= 140.4 kJ/m^2 ~ I C =  143.7 kJ/m"2 
K - J I c =  163.7  MPa SQRCmI K - J I c =  165.6 MPa SQRCml 
POWER= . 5 0 6 5  SLOPE= 133412 kJ/m"3 
COEFFICIENT= 266.8 kJ/m"2 INTERCEPT= 125.7 kJ/m"2 
T (AVERAGE)= 92 T (ASTM)= 89 

------------------- ..................... 

VALID, E813 

J I - R CURVE CALCIJLAT I ONS 
....................... 
J I@J/T -8 .8 )=  414.3 kJ/mn2 
POWER= .4526 COEFFICIENT= 245.9 kJ/m"2 
J-MAX ALLOWED= 507.7 kJIm"2 DELTA-A MAX ALLOWED= 1.9 mm 
RCURVE INVALID, 2 

YP1306 

1 
E 
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SPECIMEN ID= 02GA361 
MATERIAL TYPE= A533B 

THICKNESS= 25 .4  mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 31.5 mm a /W) i=  .62 
MEASURED DUCTILE DELTA-A= . 0 5  mm 
YIELD STRENGTH= 529 MPa 
FLOW STRENGTH= 609 MPa 
ESTIMATED YOUNG'S MODULUS= 209 GPa 

TEST TEMPERATURE= -40 OEG C 

SPECIMEN CLEAVED AT K = 69.7 MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD 

J-INTEGRAL= 23.6 kJ/m^2 
KJc= 70.3 MPa SQRCml 
K-beta-c=  60.2 MPa SQRCml 

---------------------- VALUES AT CLEAVAGE LOAD ....................... 
J-INTEGRAL= 23.6 kJ/m"2 

K-beta-c=  60.2 MPa SQRCml 
KJc= 70.3 MPa SQRCm3 

YP1235 
c 



112 

ORNL-DWG 87-7915 

50 

40 

30 

20 

10 

02Gfl36 1 - 4 0  DEGREES C 

DISPLACEMENT ( m m )  



113 

SPECIMEN ID= 02GA-367  
M A T E R I A L  TYPE= A 5 3 3 - E - 1  
TEST TEMPERATURE= 0 DEG C 
THICKNESS= 2 5 . 4  mm 
S I D E  GROOVES- 0 96 
I N I T I A L  CRACK LENGTH= 31.7 mm 
MEASURED D U C T I L E  DELTA-A= . 0 5  mm 
Y I E L D  STRENGTH= 492 MPa 
FLOW STRENGTH= 569 MPa 
ESTIMATED YOUNG'S MODULUS= 2 0 7  GPa 

a/W)i- 622 

SPECIMEN CLEAVED A T  K = 98.6 MPa SQRCml (NOT V A L I D  K I c )  

CJALUES A T  MAXIMUM LOAD VALUES A T  CLEAVAGE LOAD 

J - INTEGRAL= 8 0 . 7  k J / m ^ 2  J- INTEGRAL= 75.1 k J/m"2 
KJc= 1 2 9 . 3  MPa SQRCmI KJc= 1 2 4 . 7  MPa SQRCml 
K-beta-c= 80.7 MPa SQRCml K-beta-e= 7 9 . 4  MPa S Q R t m l  

...................... ....................... 

-1234 
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SPECIMEN ID= 026A-374 
TEST TEMPERATURE= 40 DEG C 
THICKNESS= 2 5 . 4  mm 
SIDE GROOVES- 0 46 
I N I T I A L  CRACK LENGTH= 3 1 . 7  mm a /W) i=  . 623  
MEASURED DUCTILE DELTA-Am 3 . 8 4  mm 
YIELD STRENGTH= 462 MPa 
FLOW STRENGTH= 538 MPa 
ESTIMATED YOUNG'S MODULUS= 205 GPa 

SPECIMEN D I D  NOT CLEAUE, J-MAX LOAD- 450.5 kJ /m"2  
KJ-MAX LOAD= 3 0 3 . 8  MPa SQRlml 

DURE ASTM LINEAR PROCEDURE 

/mA2 J I c =  1 0 2 . 4  k J / m * 2  
MPa SQRlmI K - J I c =  1 4 4 . 9  MPa SQRCmI 

4 8 . 1  k J / m h 2  INTERCEPT- 6 6 . 6  kJ/mh2 
5 8  T (ASTM)= 267  

n n e s r n  I A ~ I  nnnrr 

---- ..................... 

SLOPE= 375940 kJ/mA3 

INVALID, 6 

UtAT IONS 

1 7 7 4 . 2  kJ /m"2  
-------- 

COEFFICIENT= 4 4 6 . 1  kJ/m"2 
5 1 6 . 1  k J/m"2 DELTA-A MAX ALLOWED- 1 . 9 2  mm 
3 

YP1233 
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SPECIMEN ID= 02GA405 
MATERIAL TYPE= A5338 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 96 

I N I T I A L  CRACK LENGTH= 3 1 . 2  mm a / W I i =  .612 
MEASURED DUCTILE DELTA-A= . 0 7  mm 
YIELD STRENGTH= 496 MPa 
FLOW STRENGTH= 574 MPa 
ESTIMATED YOUNG’S MODULUS= 207 GPa 

TEST TEMPERATURES -5 DEG C 

SPECIMEN CLEAVED AT K = 1 0 1 . 1  MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 7 4 . 3  k J / m A 2  J-INTEGRAL= 7 4 . 3  kJ/mA2 
KJc= 1 2 4 . 2  MPa SQRCrnl KJc= 124.2 MPa SQRCml 
K-beta-c= 7 9 . 6  MPa SQRCml K-beta-c= 7 9 . 6  MPa SQRCml 

...................... ....................... 
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SPECIMEN ID- 02GA408 
TEST TEMPERATURE= 2 4  DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES= 20 X 
I N I T I A L  CRACK LENGTH= 3 1  

YIELD STRENGTH= 473 MPa 
FLOW STRENGTH= 549 MPa 
ESTIMATED YOUNG'S MODULUS- 

MEASURED DUCTILE DELTA-A- 

SPECIMEN CLEAVED AT K = 10  

VALUES AT MAXIMUM LOAD 

3-INTEGRAL= 207.5 kJ/m"2 
KJc= 206.6 MPa SQRCml 
K-beta-c- 89.5 MPe SQRCml 

...................... 

POWER LAW PROCEDURE 

J I c =  152.7 kJ/m"2 
K-J Ic=  177.3 MPa SQRCmI 
POWER= .E108 
COEFFICIENT= 417.8 kJ/m"2 
T (AVERAGE)- 225 

------------------- 

J I -R CURUE CALCULATIONS ....................... 
J (@J/T=8.8)= 728.8 k J / m ^ 2  
POWER- .6093 
J-MAX ALLOWED= 545.5 k J / m n 2  
RCURVE INVALID, 1 2 3 

mm a/W)i= .609 
.17 mm 

206 GPa 

MPa SQRCml (NOT VALID K I c )  

VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 206.9 k J / m A 2  
KJc= 206.4 MPa SQRCml 
K-beta-c= 89.4 MPe SQRtml 

....................... 

ASTM LINEAR PROCEDURE 

J I C =  0 k J / m ^ 2  
K-JIc= 0 MPa SQRCmI 
SLOPE= k J/m*3 
INTERCEPT= 0 kJ /mn2 
T (&STMI= 0 
INVALID, 1 6 

..................... 

COEFFICIENT- 330.6 k J / m A 2  
DELTA-A MAX ALLOWED- 1.99 mm 

YP1231 
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SPECIMEN ID= 02GA410 
TEST TEMPERATURE= 50 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 20 % 
I N I T I A L  CRACK LENGTH= 31.9 mm a/W)i= .627 
MEASURED DUCTILE DELTA-+ 2.95 mm 
YIELD STRENGTH= 456 MPa 
FLOW STRENGTH= 5 3 1  MPa 
ESTIMATED YOUNG'S MODULUS= 204 GPa 

SPECIMEN DID NOT CLEAVE, 3-MAX LOAD- 339.8 kJ/mh2 
KJ-MAX LOAD= 263.5 MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  177.5 kJ/mh2 J I c =  118.8 kJ/mh2 
K - J I c =  190.5 MPa SQRCmI K - J I c =  155.8 MPa SQRtml 
POWER= .6771 . SLOPE= 271806 kJ/m"3 
COEFFICIENT= 386.4 kJ/m"2 INTERCEPT= 88.4 kJIm"2 
T (AVERAGEI= 183 T (ASTM)= 1 9 7  

------------------- ..................... 

INVALID, 6 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 1194 k J / m ^ 2  
POWER= .7361 COEFFICIENT= 382.7 kJYm''2 
J-MAX ALLOWED= 503.6 kJ/m^2 DELTA-A MAX clLLOWED= 1.9 mm 
RCURUE INVALID, 1 3 

YP1230 - r- 
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SPECIMEN ID== 02GA415 
MATERIAL TYPE= A533-8-1 
TEST TEMPERATURE= -100 DEG 
THICKNESS= 25.4 mm 
SIDE GROOVES= 0 % 
INITIAL CRACK LENGTH= 31.2 

YIELD STRENGTH- 600 MPa 
FLOW STRENGTH= 685 MPa 
ESTIMATED YOUNG'S MODULUS= 

MEASURED DUCTILE DELTA-A= 

123 

C 

mm a/W)i= .614 
05 mm 

213 GPa 

SPECIMEN CLEAVED AT K I c =  44 MPa SQRlml (CIALID ASTM E3991 

VALUES AT MAXIMUM LOAD 

J-INTEGRAL= 8.3 kJIm"2 
KJc= 41.9 MPa SQRCml 
K-beta-c= 41 MPa SQRCmI 

...................... UFlLUES AT CLEAVAGE LOAD 

J-INTEGRAL= 8.3 kJ/m"2 
KJc5 41.9 MPa SORCmI 

I(-beta-c= 41 MPa SQR[ml 

....................... 

YP1227 
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SPECIMEN ID= 02GA417 
MATERIAL TYPE= A533B 
TEST TEMPERATURE= 0 DEG C 
THICKNESS= 25.4 m m  
SIDE GROOVES- 0 k 
INITIAL CRACK LENGTH= 30.8 

YIELD STRENGTH= 492 MPa 
FLOW STRENGTH= 569 MPa 
ESTIMATED YOUNG'S MODULUS= 

MEkSURED DUCTILE DELTA-A= 

125 

mm a/W)i= . 6 0 6  
1 mm 

207 GPa 

SPECIMEN CLEAVED AT K = 99.7 MPa SQRCml (NOT VALID KIc) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 73.5 kJ/m"2 J-INTEGRAL= 75.9 kJ/m"2 
KJc= 123.4 MPa SQRCml KJc= 125.4 MPa SQRCml 
K-beta-c= 79 MPa SQR[ml K-beta-c- 79.6 MPa SQRCml 

....................... ...................... 

YP1228 
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SPECIMEN ID= 68WAA 
TEST TEMPERATURE= 288 DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES= 20 Y 
I N I T I A L  CRACK LENGTH= 30.3 mm a/W) i= .598 
MEASURED DUCTILE DELTA-A= 3 .21  mm 
YIELD STRENGTH= 500 MPa 
FLOW STRENGTH- 562 MPa 
ESTIMATED YOUNG'S MODULUS= 1 9 1  GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 348.6 kJ /m"2  
KJ-MAX LOAD= 257.9 MPa SQRtml 

POWER LAW PROCEDURE 

J I c =  229.1 kJ/m"2 ~ I C =  206.8 kJ/m"2 
K - J I c -  209.1 MPa SQRCml K -J Ic=  198.6 MPa SQRtml 
POWER- .5528 SLOPE= 227436 kJ/m^3 
COEFFICIENT= 406.8 kJ/m"2 INTERCEPT= 164.9 kJ/m"2 
T (AVERAGE)= 130 T (ASTM)= 138 

ASTM LINEAR PROCEDURE ------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@JJ/T=8.8)- 769.8 kJ/mA2 
POWER- .5725 COEFFICIENT= 406.7 kJ/m"2 
J-MAX ALLOWED= 570.6 kJ/m"2 DELTA-A MAX ALLOWED= 2.04 mm 
V A L  I D  R-CURVE 

YP1226 

i 
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SPECIMEN ID- 68WCB 
MATERIAL TYPE= A533BW 

THICKNESS= 2 5 . 4  mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 30.5 mm 
MEASURED OUCTILE DELTA-A= . 05  mm 
YIELD STRENGTH= 684 MPa 
FLOW STRENGTH= 716 MPa 
ESTIMATED YOUNG‘S MODULUS= 212 GPa 

TEST TEMPERATURE’ - 8 0  DEG C 

e/W)i= . 6 0 1  

EAVED AT K I c =  59.5  MPa SQRCml (VALID ASTM E3991 

AXIMUM LOAD VALUES AT CLEAVfGE LOAD ----------- 
1 6 . 2  k J / m ” 2  

Pa SQRtml 
5 . 9  MPa SQRtml 

....................... 
J-INTEGRAL- 16 .2  kJ/mh2 

K-beta-c= 55 .9  MPa SQRCml 
KJc= 58 .6  MPa SQRCml 

-1225 
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SPECIMEN ID= 68WDD 
MATERIAL TYPE= A533BW 
TEST TEMPERATURE- -30 DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES= 0 % 
INITIAL CRACK LENGTH= 31.3 mm a/W)i= .616 
MEASURED DUCTILE DELTA-A= .26 mm 
YIELD STRENGTH= 615 MPa 
FLOW STRENGTH- 652 MPa 
ESTIMATED YOUNG'S MODULUS= 209 GPa 

SPECIMEN CLEAVED AT K = 120.8 MPa SQRCml (NOT VALID KIc) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 213.5 kJ/m^2 J-INTEGRAL= 215.7 kJ/m"2 
KJc= 211.2 MPa SQRCml KJc= 212.3 MPe SQRCml 
K-beta-c= 113.1 MPa SQRCmI K-beta-c= 113.3 MPa SQRCmI 

...................... ....................... 

YP1224 
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SPECIMEN I D =  68WEB 
MATERIAL TYPE= A533BW 

THICKNESS= 25 .4  mm 
SIDE GROOVES= 0 % 
I N I T I A L  CRACK LENGTH= 30.3 mm a / W ) i =  . 5 9 7  
MEASURED DUCTILE DELTA-A= . 0 5  mm 
Y I E L D  STRENGTH= 776 MPa 
FLOW STRENGTH= 8 0 0  MPa 
ESTIMATED YOUNG'S MODULUS= 215 GPa 

TEST TEMPERATURE= -135 DEG C 

SPECIMEN CLEAVED AT K I c =  40 .2  MPa SQRlml ( V A L I D  ASTM €399) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J- INTEGRAL= 7.6 kJ/m"2 J- INTEGRAL= 7 .6  kJ/m"2 
K J c =  4 0 . 4  MPa SQRCml KJc= 4 0 . 4  MPa SQRCml 
K-beta-c= 40 MPa S Q R l m l  K - b e t a - c =  40 MPa SQRlrnJ 

--------------------_^ ....................... 
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SPECIMEN ID= 68WHB 
TEST TEMPERATURE= 1 2 1  DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES- 20 Y 
I N I T I A L  CRACK LENGTH= 30.8 mm a/W) i= .607 
MEASURED DUCTILE DELTA-A- 3.12 mm 
YIELD STRENGTH= 490 MPa 
FLOW STRENGTH= 542 MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 355.5 kJ/mA2 
KJ-MAX LOAD= 2 6 6 . 8  MPe SQRCmI 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  243.1 kJ/mh2 J I c =  203.3 kJIm"2 
K - J I c =  220.6 MPa SQRlml K - J I c =  201.8 MPa SQRCml 
POWER= .6496 SLOPE= 299044 kJ/m"3 
COEFFICIENT= 460.5 kJ/m"2 INTERCEPT= 1 4 7 . 2  kJ/m"2 
T (AVERAGE)= 1 9 1  T (ASTMI- 204 

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.81= 1070.5 kJ/mh2 
POWER= .6363 COEFFICIENT= 457 kJ/m"2 
J-MAX ALLOWED= 541.3 kJ/m"2 DELTA-A MAX ALLOWED= 2 mm 
I a * .  1 -  CL c,,m,,r 

YP1222 

I 
I 



136 

ORNL-DWG 87-7932 

68WHB 1 2 1  DEGREES C 

s0 ] 

'0 10 1 
1 1 1  1 1 1  I 1 1  I l l  1 1 1  

0 2 4 6 8 10 

DISPLACEMENT ( m m )  

0 

OWL-Om; 87-7933 

68WHB 1 2 1  DEGREES C 
2000 

n 

Iu < 
E 1600 
'\ 

h 
A - 1288 

J a E 800  

c3 
w 
I- 400 Z 
H 

I 
+ ) 8  

A 

............................. - -  

CRRCK EXTENSION ( m m )  



137 

SPECIMEN ID= 68WKA 
TEST TEMPERATURE= 23 DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES= 20 X 
INITIAL CRACK LENGTH= 30.6 mm a/W)i= .604 
MEASURED DUCTILE DELTA-+ 2.78 mm 
YIELD STRENGTH= 557 MPa 
FLOW STRENGTH= 600 MPa 
ESTIMATED YOUNG'S MODULUS= 206 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 423.2 kJ/m^2 
KJ-MAX LOAD= 295.2 HPa SQRtm3 

POWER LAW PROCEDURE 

JIc= 223.5 kJ/m"2 
K-JIc= 214.5 MPa SQRtm3 
POWER- .7398 
COEFFICIENT= 500.4 kJ/mh2 
T (AVERAGE)= 202 

------------------- 

31-R CURVE CALCULATIONS ....................... 
J C@J/T=8.8)= 1321.3 kJ/m^2 
POWER= .7421 

RCURVE INUALID, 3 
J-MAX ALLOWED= 602.1 kJ/m"2 

ASTM LINEAR PROCEDURE 

JIc= 160.9 kJ/m"2 
K-JIc= 182 MPa SQRtrnl 
SLOPE= 383755 kJ/m^3 
INTERCEPT= 109.4 kJ/m"2 
T (ASTMI- 219 
VALID, E813 

..................... 

COEFFICIENTS 497.1 kJ/m*2 
DELTA-A MAX ALLOWED- 2.01 mm 

1 
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SPECIMEN ID= 68WKD 

THICKNESS= 25.4 mm 
SIDE GROOVES== 0 $6 

INITIAL CRACK LENGTH= 30.6 m m  a/W)i- .604 
MEASURED DUCTILE DELTA-A- . 0 7  mm 
YIELD STRENGTH= 684 MPa 
FLOW STRENGTH= 716 MPa 
ESTIMATED YOUNG'S MODULUS= 212 GPa 

TEST TEMPERATURE= -SO DEG C 

SPECIMEN CLEAVED AT K = 113.8 MPe SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 71.3 kJ/m^2 3-INTEGRAL- 71.3 kJ/mh2 
KJc= 122.9 MPa SQRCml KJc= 122.9 MPa SQRCml 
K-beta-c= 93 MPa SPR[ml K-beta-c= 93 MPa SQRCmI 

...................... ....................... 

YP1220 
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SPECIMEN I D =  69W-103 

TEST TEMPERATURE= -100  DEG C 
MATERIAL TYPE= A533BW 

T H I C K N E S S  2 5 . 4  mm 
S I D E  GROOUES= 0 X 
I N I T I A L  CRACK LENGTH= 30.2 mm a/W)i= .595 
MEASURED DUCTILE DELTA-+ . 0 5  mm 
Y I E L D  STRENGTH= 779 MPs 
FLOW STRENGTH= 818 MPa 
ESTIMATED YOUNG'S MODULUS= 2 1 3  GPa 

SPECIMEN CLEAVED AT K I c =  4 2 . 6  MPa SQRCml ( V A L I D  ASTM E 3 9 9 1  

VALUES AT MAXIMUM LOAD VALUES AT CLEAUAGE LOAD 

J- INTEGRAL= 9.9 kJ/m"2 J - INTEGRAL= 9.9 k J / m h 2  
K J c =  4 5 . 9  MPa SQRCml K J c -  4 5 . 9  MPa SQRCml 
K - b e t a - c =  4 5 . 3  MPa SQRCmI K - b e t a - c =  4 5 . 3  MPa SQRCml 

...................... ....................... 

YP1219 
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SPECIMEN ID= 69W109 
MATERIAL TYPE= A533BW 
TEST TEMPERATURE- - 1 0 0  DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES- 0 'x 
I N I T I A L  CRACK LENGTH= 30.3 mm a/W)i= .597 
MEASURED D U C T I L E  DELTA-A- . 0 5  mm 
Y I E L D  STRENGTH= 779 MPa 
FLOW STRENGTH= 818 MPa 
ESTIMATED YOUNG'S MODULUS= 213 GPa 

SPECIMEN CLEAVED AT K I c =  40.7 MPa SQRCml ( V A L I D  ASTM €399) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J- INTEGRAL= 7.8 k J / m A 2  3-INTEGRAL= 7.8 kJ/m"2 
KJc= 40.8 MPa SQRCml KJc= 40.8 MPa SQRCml 
K-beta-c- 40.5 MPa SQRCml K-beta-c= 40.5 MPa SQRCm3 

...................... ....................... 

YP1218 
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SPECIMEN ID= 69W117 
TEST TEMPERATURE- 1 2 1  DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES- 20 X 
I N I T I A L  CRACK LENGTH- 30.3 mm a/W) i -  .598 
MEASURED DUCTILE DELTA-A= 3.18 mm 
YIELD STRENGTH= 580 MPa 
FLOW STRENGTH= 4 3 0  MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 231.7 kJ/mh2 
KJ-MAX LOAD= 215.4 MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  164.6 kJ/m"2 ~ I C =  146.4 kJ/mh2 
K - J I c =  181.6 MPa SQRlml K - J I c =  171.2 MPa SQRCml 
POWER= .5155 SLOPE= 184777 kJ/m^3 
COEFFICIENT= 317 kJ/m"2 INTERCEPT= 124.9 kJ/mh2 
T (AVERAGE)= 8 4  T (ASTMI- 93 

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 460.6 kJ/mh2 
POWER= .4875 COEFFICIENT= 316.3 kJ/m^2 
J-MAX ALLOWED- 640.6 kJ/m^2 DELTA-A MAX ALLOWED= 2 .04  mm 
RCURUE INVALID, 2 3 

-1276 
r 

I 
I 
i 
i 
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SPECIMEN IDS 69W-124 

TEST TEMPERATURE= - 2 0  DEG C 
MATERIAL TYPE= A533BW 

THICKNESS= 2 5 . 4  mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 30.7  mm a/W) i- 
MEASURED DUCTILE DELTA-A= . 0 5  mm 
YIELD STRENGTH= 680 MPa 
FLOW STRENGTH= 722 MPa 
ESTIMATED YOUNG’S MODULUS= 208 GPa 

605 

SPECIMEN CLEAVED AT K = 1 0 4 . 5  MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD 

J-INTEGRAL= 5 8 . 3  k J / m ” 2  
KJc= 1 1 0 . 2  MPa SQRCml 
K-beta-c=  8 7 . 4  MPa SQRCml 

...................... VALUES AT CLEAVAGE LOAD ....................... 
J-INTEGRAL- 5 8 . 3  k J I m ” 2  
KJc= 1 1 0 . 2  MPa SQRCml 
K-beta-c= 8 7 . 4  MPa SQRCml 

YP1277 
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SPECIMEN ID= 69W125 
TEST TEMPERATURE= 5 0  DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES= 20 Y 
I N I T I A L  CRACK LENGTH= 3 0  mm a/W)i= .591 
MEASURED DUCTILE DELTA-A= 2.72 mm 
YIELD STRENGTH= 619 MPe 
FLOW STRENGTH= 6 6 4  MPa 
ESTIMATED YOUNG'S MODULUS= 204  GPa 

SPECIMEN DID  NOT CLEAVE, J-MAX LOAD= 215.3 kJ/m"2 
KJ-MAX LOAD= 209.8 MPa SQRCmJ 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  160 .4  kJ/m"2 J I c =  149.8 kJ/m"2 
K-JIc= 1 8 1 . 1  MPa SQRlmI K - J I c =  174.9 MPa SQRtml 
POWER= .5106 SLOPE= 172774 kJ/m"3 
COEFFICIENT= 312.6 kJ/m"2 INTERCEPT= 130.3  kJ/m"2 
T (AVERAGE)= 76 T (ASTM)= 80 

------------------- ..................... 

INVALID, 6 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=B.8)= 454.2 k J / m " 2  
POWER= .5102 COEFFICIENT- 312.6 kJ/m"2 
J-MAX ALLOWED= 675 kJ/mh2 DELTA-A MAX ALLOWED= 2.08 mm 
RCURUE INVALID, 1 3 

YP1278 
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SPECIMEN ID= 69W128 
MATERIAL TYPE= A533BW 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 96 
I N I T I A L  CRACK LENGTH= 30 .4  mm a /W) i=  .599 
MEASURED DUCTILE DELTA-&= . 0 6  mm 
YIELD STRENGTH= 665 MPa 
FLOW STRENGTH= 708 MPa 
ESTIMATED YOUNG'S MODULUS- 207 GPa 

TEST TEMPERATURE= -5 DEG C 

SPECIMEN CLEAVED AT K - 9 5 . 1  MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD 

J-INTEGRAL= 44.4 kJ/mh2 
KJc= 95.9 MPa SQRCml 
K-beta-c -  79 .7  MPa SQRCml 

...................... VALUES AT CLEAVAGE LOAD ....................... 
J-INTEGRAL= 44.4 kJ/mh2 

K-be ta -c=  79 .7  MPa SQRCml 
KJc- 95.9 MPa SQRCml 

YP1279 
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SPECIMEN ID= 69W-132 
TEST TEMPERATURE= 24 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
INITIAL CRACK LENGTH= 30 mm a/W)i= .592 
MEASURED DUCTILE DELTA-A= 7.92 mm 
YIELD STRENGTH= 640 MPa 
FLOW STRENGTH= 684 MPa 
ESTIMATED YOUNG'S MODULUS= 206 GPa 

SPECIMEN CLEAVED AT K = 138.2 MPa SQRCml (NOT VALID KIc) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 183.2 kJ/m"2 3-INTEGRAL= 253.6 kJ/m"2 
KJc= 194.2 MPa SQRCml KJc= 228.5 MPa SQRCml 
K-beta-c- 111.8 MPa SQRtml K-betr-c= 119.7 MPa SQRCml 

...................... ....................... 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

JIc= 89.2 kJ/m"2 ~ I C =  49.3 kJ/m"2 
K-JIc= 135.5 MPa SQRCml K-JIc= 100.8 MPa SQRtml 
POWER= .717 SLOPE- 235704 kJ/m"3 
COEFFICIENT= 268.3 kJIm"2 INTERCEPT= 40.8 kJ/m"2 
T (AVERAGE)= 87 T (ASTM)= 104 

..................... ------------------- 

INVALID, 2 6 

JI-R CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 532 kJ/rn"2 
POWER= .7017 COEFFICIENT= 264.1 kJ/mn2 
J-MAX ALLOWED= 706.5 kJ/m"2 DELTA-A MAX ALLOWED= 2.06 mm 
RCURVE INVALID, 2 3 

YP1280 
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a/W)i= . 596  

I U A L I D  ASTM E3991 

AT CLEAVAGE LOAD 

EGRALc 16.2 kJlm"2 
8.4 MPa SQRlml 
a-c= 5 6 . 2  MPa SQRCml 

----------------- 

YP1270 
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SPECIMEN ID- 69W138 
MATERIAL TYPE= A5338W 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 3 1  mm a/W) i= .612 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 726 MPa 
FLOW STRENGTH= 766 MPe 
ESTIMATED YOUNG'S MODULUS= 211 GPa 

TEST TEMPERATURE= -60 DEG C 

SPECIMEN CLEAVED AT K I c =  68.4 MPa SQRCml (VALID ASTM €399)  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 21.1 kJ/m"2 J-INTEGRAL= 21.1 kJ/m"2 
KJc- 66.6 MPa SQRCml KJc- 66.6 MPa SQRCml 
K-beta-c=  62.9 MPa SQRtml K-beta-c-  62.9 MPa SQRCml 

-_------------------^_ ....................... 

-1272 
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MEN ID= 69W140 
I A L  TYPE= A533BW 

NESS= 25.4 mm 
GROOVES= 0 % 
A L  CRACK LENGTH= 29.7 mm a/W)i= . 587  
RED DUCTILE DELTA-A= .05 mm 

TEMPERATURE- -60 DEG C 

YIELD STRENGTH= 726 MPa 
FLOW STRENGTH= 766 MPa 
ESTIMATED YOUNG'S MODULUS= 211 GPa 

SPECIMEN CLEAVED AT K I c =  55.8 MPa SQRCml (VALID ASTM €3991 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 12.3 k J / m " 2  3-INTEGRAL= 12.3 k W m " 2  
KJc= 50.8 MPa SQRtml KJc= 50.8 MPa SQRtml 
K-beta-c= 49.6 MPa SQRtml K-bets -c=  49.6 MPa SQRtml 

...................... ....................... 

YP1273 
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SPECIMEN ID= 69W141 
TEST TEMPERATURE= 1 2 1  DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES= 20 96 
I N I T I A L  CRACK LENGTH= 30.2 mm s/W)i= .595 
MEASURED DUCTILE DELTA-A= 3 .2  mm 
YIELD STRENGTH= 580 MPa 
FLOW STRENGTH= 630 MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 219.6 kJ/m"2 
KJ-MAX LOAD= 209.7 MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  178.8 kJ/m"2 J Ic -  164  kJIm"2 
K - J I c =  189.3 MPa SQRCml K -J Ic=  181.3 MPa SQRCml 
POWER= .4954 SLOPE= 174908 kJIm"3 
COEFFICIENT= 329.2 kJ/m"2 INTERCEPT= 141.3 kJ/m^2 
T (AVERAGE)= 83 T CASTMI= 88 

..................... ------------------- 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 466.5 kJ/m"2 
POWER= .4727 COEFFICIENT= 328.7 kJ/m"2 
J-MAX ALLOWED= 640.6 kJIm"2 DELTA-A MAX ALLOWED= 2.06 mm 
RCURUE INVALID, 3 

YPl.274 
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SPECIMEN ID= 69W145 
TEST TEMPERATURE= 204 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 20 96 
I N I T I A L  CRACK LENGTH= 30.6 mm a/W)i- .603 
MEASURED DUCTILE DELTA-A= 3.66 mm 
YIELD STRENGTH= 566 MPa 
FLOW STRENGTH= 623 MPa 
ESTIMATED YOUNG'S MODULUS= 196 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 225.2 kJ/m^2 
KJ-MAX LOAD= 209.9 MPa SQRtml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  137.7 kJ/m"2 J I c =  104'.5 kJ/m"2 
K -J Ic=  164.1 MPa SQRCml K - J I c =  143 MPa SQRCml 
POWER= .475 SLOPE= 150078 kJ/mA3 
COEFFICIENT= 260.9 kJ/m^2 INTERCEPT= 91.9 kJ/mA2 
T (AVERAGE)- 65 T (ASTM)= 76 

------------------- ..................... 

VALID ,  E813 

31-R CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 369.3 kJ/mA2 
POWER= .4986 COEFFICIENT= 248.7 kJ/m"2 
J-MAX ALLOWED= 626.9 kJ/m"2 DELTA-A MAX ALLOWED- 2 . 0 1  mm 
RCURUE INVALID, 2 3 

YP1275 
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SPECIMEN ID= 69W151 
MATERIAL TYPE= A533BW 
TEST TEMPERATURE= 20 DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES= 0 $6 
INITIAL CRACK LENGTH= 30.4 mm e/W)i= .6  
MEASURED DUCTILE DELTA-A= .1 mm 
YIELD STRENGTH= 6 4 2  MPa 
FLOW STRENGTH= 6 8 6  MPa 
ESTIMATED YOUNG'S MODULUS- 206 GPa 

SPECIMEN CLEAVED AT K = 128 MPa SQRCm3 (NOT VALID KIc) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 118.2 kJ/m"2 J-INTEGRAL= 118.4 kJ/m^2 
KJc= 156.1 MPa SQRCml KJc= 156.2 MPa SQRtml 
K-beta-c= 101.6 MPe SQRCml K-beta-c= 101.6 MPa SQRCml 

...................... ....................... 

YP1271 
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SPECIMEN ID- 69W154 
TEST TEMPERATURE- 288 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 20 % 
I N I T I A L  CRACK LENGTH= 30.3 mm e/W) i= .598 
MEASURED DUCTILE DELTA-A= 3 .31  mm 
YIELD STRENGTH= 585 MPe 
FLOW STRENGTH= 6 5 1  MPa 
ESTIMATED YOUNG'S MODULUS= 1 9 1  GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 216.6 kJ/m"2 
KJ-MAX LOAD= 203.3 MPa SQRCm3 

POWER LAW PROCEDURE 

J I c =  123.2 kJ/m"2 
K - J I c =  153.3 MPa SQRCm3 
POWER= .4538 
COEFFICIENT= 233.4 kJ/m"2 
T (AVERAGE)= 5 1  

------------------- 

J I - R  CURVE CALCULATIONS ....................... 
J I@J/T=8.8)= 302.6 kJ/m"2 
POWER- .4506 
J-MAX ALLOWED= 6 6 1  kJIm"2 
RCURUE INVALID, 2 

ASTM LINEAR PROCEDURE 

J I c =  112.5 kJ/mh2 
K - J I c =  146.5 MPa SQRCml 
SLOPE= 123281 kJ/m"3 
INTERCEPT= 101.8 kJ/m"2 
T (ASTM)= 56 
VALID, E813 

-------------------^- 

COEFFICIENT= 233 kJIm"2 
DELTA-A MAX ALLOWED= 2.04 mm 

YP1268 
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SPECIMEN ID= 69W161 
TEST TEMPERATURE= 288 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 20 Y 
INITIAL CRACK LENGTH= 30.3 mm a/W)i= .598 
MEASURED DUCTILE DELTA-+ 3.93 mm 
YIELD STRENGTH- 585 MPa 
FLOW STRENGTH= 651 MPa 
ESTIMATED YOUNG’S MODULUS= 191 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 226.1 kJ/m”2 
KJ-MAX LOAD= 207.7 MPa SQRllml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

JIc= 147 kJ/m^2 JIc= 140.2 kJ/m”2 
K-JIcm 167.5 MPa SQRllml K-JIc= 163.6 MPa SQRCmI 
POWER= .4186 SLOPE= 123937 kJIm”3 
COEFFICIENT= 257.1 kJ/m”2 INTERCEPT= 126.8 kJ/m^2 
T (AVERAGE)= 51 T CASTMI= 56 

------------------- ..................... 

VALID, E813 

JI-R CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 301.6 kJ/m*2 
POWER= .3867 COEFFICIENT= 255.7 kJ/m”2 
J-MAX ALLOWED= 661.6 kJ/mh2 DELTA-A MAX ALLOWED= 2 . 0 4  mm 
RCURVE INVALID, 2 

YP1269 



100 

80 

6 0  

ORNL-DWG 87-7958 

691.1161 2 8 8  DEGR.EES C 

............................... 

0 1 2 3 4 5 

CRRCK EXTENSION ( m m )  

- 
- 
- 

- - 



171 

SPECIMEN ID= 69W170 
MATERIAL TYPE= A533BW 

THICKNESS= 2 5 . 4  mm 
SIDE GROOVES- 0 % 
INITIAL CRACK LENGTH= 3 0 . 7  m m  a/W)i= . 6 0 5  
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 665 MPa 
FLOW STRENGTH= 708 MPa 
ESTIMATED YOUNG’S MODULUS= 207  GPa 

TEST TEMPERATURE= -5 DEG C 

SPECIMEN CLEAVED AT K = 9 5 . 8  MPa SQRCmI (NOT VALID KIc) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 44 kJ/mh2 J- INTEGRAL= 44 kJ/mh2 
KJc= 9 5 . 5  MPa SQRCml KJc= 9 5 . 5  MPa SQRCml 
K-beta-c= 7 9 . 5  MPa SQRlml K-beta-c= 7 9 . 5  MPa SQRCmI 

...................... ....................... 
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SPECIMEN ID= 69W175 
MATERIAL TYPE= A533BW 
TEST TEMPERATURE= 24'DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES= 0 SS 
I N I T I A L  CRACK LENGTH= 3 0 . 4  mrn a /W) i=  . 599  
MEASURED DUCTILE DELTA-A= .1 mm 
YIELD STRENGTH= 639 MPa 
FLOW STRENGTH= 683 MPa 
ESTIMATED YOUNG'S MODULUS= 206 GPa 

SPECIMEN CLEAVED AT K = 133.7 MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 1 3 4  kJ/m"2 J-INTEGRAL= 136.3 kJ/mh2 
KJc= 166 .1  MPa SQRCml KJc= 167.5 MPa SQRCml 
K-beta-c= 104.2 MPa SQRtml K -be ta -c=  104.6 MPa SQRCml 

...................... ....................... 

YP1266 
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SPECIMEN ID= 70W103 
MATERIAL TYPE- A5338W 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 % 
I N I T I A L  CRACK LENGTH= 27.9  mm a/W)i= .55 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 652 MPe 
FLOW STRENGTH= 718 MPa 
ESTIMATED YOUNG'S MODULUS= 215 GPa 

TEST TEMPERATURE- -135 DEG C 

SPECIMEN CLEAVED AT K I c =  35.9 MPa SQRCml (VALID ASTM E3991 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 5.5 kJ/m"2 J-INTEGRAL- 5.5 kJ/m"2 
KJc= 34.2 MPa SQRtml KJc= 34.2 MPa SQRCml 
K-beta-c=  3 4  MPa SQRCml K-beta-c= 3 4  MPa SQRtml 

-----^---------------- ----------------------- 

YP1257 



176 

ORNL-MJG 87-7961 

70W 183 -135 DEGREES C 
I 20 

16 

12 

8 

4 

. 0 4  .08 .12 . 1 6  

DISPLACEMENT ( rnrn 1 

- 2  



177 

SPECIMEN ID= 70W114 
TEST TEMPERATURE= 1 2 1  DEG C 
THICKNESS- 25 .4  mm 
SIDE GROOVES= 20 % 
I N I T I A L  CRACK LENGTH= 27 .3  mm a/W)i= .552  
MEASURED DUCTILE DELTA-A= 3 .27  mm 
Y I EL0 STRENGTH- 436 MPa 
FLOlrl STRENGTH= 494  MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN DID  NOT CLEAVE, J-MAX LOAD= 190.4 kJ/m"2 
KJ-MAX LOAD= 195.3 MPe SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

. J Ic*  1 6 4  kJ/m"2 J I c -  147.6 kJ lm"2 
K-JIG= 181.3 MPa SQRCml K - J I c =  171.9 MPa SQRCml 
POWER= .5312 SLOPE= 171413 kJIm"3 
COEFF IC I ENT= 3 02.5 k J/m"2 INTERCEPT= 122 kJ/m"2 
T (AVERAGE)= 130 T (ASTM)= 140 

------------------- ..................... 

VALID, E813 

J I - R  ClJRUE CALCULATIONS 

J (@J/T=8.8)= 617.4 kJ/m"2 
POWER= .5299 COEFFICIENT= 303.5 kJ/m"2 
J-MAX ALLOWED- 502.5 kJ/m"2 DELTA-A MAX ALLOWED= 2 .27  mm 
RCURUE INVALID, 2 

^---------------------- 

YP1250 
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SPECIMEN ID= 70W116 
TEST TEMPERATURE= 288 DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES- 20 96 
I N I T I A L  CRACK LENGTH= 28 .1  mm a/W)i= . 553  
MEASURED DUCTILE DELTA-A= 3.8 mm 
YIELD STRENGTH= 442 MPa 
FLOW STRENGTH= 5 1 1  MPa 
ESTIMATED YOUNG'S MODULUS- 1 9 1  GPa 

SPECIMEN D I D  NOT CLEAVE, J-MAX LOAD= 188.P kJ/m"2 
KJ-MAX LOAD= 189.9 MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  125.8 kJIm"2 J I c -  115 kJ/m"2 
K - J I c =  154.9 MPe SQR[ml K - J I c =  148.2 MPa SQRCml 
POWER= .4664 SLOPE= 121180 kJ/m*3 
COEFFICIENT= 230.5 kJ/m"2 INTERCEPT= 101.4 kJIm"2 
T (AVERAGE)= 8 1  T CASTMI= 88 

------------------- ..................... 

V A L I D ,  E813 

XRVE CALCULATIONS 

'T=8.8)= 398.7 kJ/mh2 
------------------ 

POWkR= .4833 COEFFICIENT= 230.6 kJ/m"2 
J-MAX ALLOWED= 519.4 kJ/m"2 DELTA-A MAX ALLOWED= 2.27 mm 
RCURUE INVALID, 2 

YP1249 
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SPECIMEN ID= 7015120 
MATERIAL TYPE= A533BW 

THICKNESS= 25.4  mm 
SIDE GROOVES= 0 $6 

I N I T I A L  CRACK LENGTH= 28 mm a/W)i= ,552 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 540 MPa 
FLOW STRENGTH= 6 0 0  MPa 
ESTIMATED YOUNG'S MODULUS- 209 GPa 

TEST TEMPERATURES -40 DEG C 

SPECIMEN CLEAVED AT K = 101.8 MPa SQRtml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 59.3 kJ/m*2 J-INTEGRAL= 59.3 kJ/m^2 
KJc= 111.4 MPa SQRCml KJc= 111.4 MPa SQRCml 
K-beta-c=  79 MPa SQRtmI K-beta-c=  79 MPa SQRCmI 

...................... ....................... 

-1258 
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SPECIMEN I D =  70W127 
MATERIAL TYPE= A533BW 

THICKNESS= 2 5 . 4  mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 2 7 . 9  mm a / W ) i =  .549 
MEASURED D U C T I L E  DELTA-A= .05  mm 
Y I E L D  STRENGTH= 652 MPa 
FLOW STRENGTH= 718 MPa 
ESTIMATED YOUNG'S MODULUS= 215 GPa 

TEST TEMPERATURE= -135 DEG C 

SPECIMEN CLEAVED AT K I c =  4 7 . 3  MPa SQRCml ( V A L I D  ASTM E3991 

VALUES A T  MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 10 kJ/m"2 J- INTEGRAL= 10 kJ/mh2 
K J c =  4 6 . 4  MPa S Q R t m l  KJc- 4 6 . 4  MPa SQRCmI 
K-beta-c= 4 5 . 3  MPa SQRtm3 K - b e t a - c =  45.3 MPa SQRCml 

...................... ....................... 

YP1259 
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SPECIMEN ID= 70W135 
TEST TEMPERATURE= 1 2 1  DEG C 
THICKNESS= 25 .4  mm 
SIDE GROOVES= 20 X 
I N I T I A L  CRACK LENGTH= 27 .8  mm a/W)i= .548 
MEASURED DUCTILE DELTA+= 2.95 mm 
YIELD STRENGTH= 436 MPa 
FLOW STRENGTH= 494 MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa . 

:LEAVE, J-MAX LOAD= 224.2 k J / m ^ 2  
KJ-MAX LOAD- 211.9 MPa SQRCml 

?E ASTM LINEAR PROCEDURE 

'2 J I c =  131.6 kJ/m^2 
9 SQR[ml K - J I c -  162 .4  MPa SQRCml 

, 9 k J/m^2 INTERCEPT= 105.8 kJ/m^2 

-- ..................... 

SLOPE= 194013 kJ/m"3 

T CASTMI= 159 
VALID, E813 

hT IONS 

L .  5 kJ/mh2 
.----- 

COEFFICIENT= 310.4  kJ/mh2 
J-MAX ALLOWED= 502.5 kJ/m^2 DELTA-A MHX ALLOWED- 2.29 mm 
VALID R-CURVE 
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SPECIMEN ID= 70W143 
MATERIAL TYPE= A533BW 

THICKNESS= 25.4 mm 
SIDE GROOVES- 0 56 
I N I T I A L  CRACK LENGTH= 27.7 mm a/W)i= , 546  
MEASURED DUCTILE DELTA-A= .05  mm 
YIELD STRENGTH= 566 MPa 
FLOW STRENGTH= 6 2 7  MPa 
ESTIMATED YOUNG'S MODULUS= 2 1 1  GPa 

TEST TEMPERATURE= -65 DEG C 

SPECIMEN CLEAVED AT K = 103 .1  MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD ...................... 
3-INTEGRAL= 5 8 . 1  k J / m ^ 2  J-INTEGRAL= 5 8 . 1  kJ/m^2 
KJc= 110.7 MPa SQRCml KJc= 110.7 MPa SQRCml 
K-beta-c-  80.5 MPa SQRCml K-beta-c= 8 0 . 5  MPa SQRCml 
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4 
204 DEG C 

IHlCKNkSS= 25.4 mm 
SIDE GROOVES= 20 % 
I N I T I A L  CRACK LENGTH= 2 8 . 1  mm a /W) i=  .553 
MEASURED DUCTILE DELTA-A= 2 .81  mm 
YIELD STRENGTH= 424 MPa 
FLOW STRENGTH== 487 MPa 
ESTIMATED YOUNG'S MODULUS= 196 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD5 159.2 kJ/m"2 
KJ-MAX LOAD= 176.4 MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  132.1 kJ/mh2 J I c =  118.4 kJ/m^2 
K - J I c -  160.7  MPa SQRCml K - J I c -  152.2 MPa SQRCml 
POWER= .5724 SLOPE- 161461 kJ/m"3 
COEFFICIENT= 270.6 kJ/mn2 INTERCEPT5 98.8 kJ/m"2 
T (AVERAGE)= 128 T (ASTM)= 133 

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)=  566.3 kJ/m*2 
POWER= .5415 COEFFICIENT= 269.7 kJIm"2 
J-MAX ALLOWED= 494.7 kJ/mn2 DELTA-A MAX ALLOWED= 2 .27  mm 

1, 1 
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SPECIMEN ID= 70W147 
TEST TEMPERATURE= 204 DEG C 
THICKNESS- 25 .4  mm 
SIDE GROOVES= 20 X 
I N I T I A L  CRACK LENGTH= 28 mm a/W)i= .553 
MEASURED DUCTILE DELTA-A= 3 . 0 1  mm 
YIELD STRENGTH= 424 MPa 
FLOW STRENGTH= 487 MPa 
ESTIMATED YOUNG'S MODULUS= 196 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 216.9 kJ/m"2 
KJ-MAX LOAD= 205.9 MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  137.6 kJ/mh2 J I c =  128.8 kJ/m"2 
K - J I c =  164 MPa SQRCmI K - J I c =  158.7  MPa SQRCm3 
POWER= .4989 SLOPE= 133223 kJ/m"3 
COEFFICIENT= 254.6 kJ/m"2 INTERCEPT= 111.2 kJ/m"2 
T CAVERAGE)= 106 T CASTMI= 110 

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8 I =  445 k J/mh2 
POWER= .4565 COEFFICIENT= 257.4 kJ/m"2 
J-MAX ALLOWED= 494.2 kJ/m"2 DELTA-A MAX ALLOWED= 2.27 mm 
RCURVE INVALID, 2 

YP1253 
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SPECIMEN ID= 70W149 
MATERIAL TYPE= A533BW 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 % 
I N I T I A L  CRACK LENGTH= 2 7 . 7  mm a/W)i- .546 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 566 MPa 
FLOW STRENGTH= 627 MPa 
ESTIMATED YOUNG'S MODULUS= 2 1 1  GPa 

TEST TEMPERATURE= -65 DEG C 

SPECIMEN CLEAVE0 AT k = 101.3 MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE L O A 0  

J-INTEGRAL= 56 kJ /m"2  J-INTEGRAL= 56 kJIm"2 
KJc= 108.7  MPa SQRCmI KJc= 108.7  MPa SQRCmI 
K-beta-c= 79 .8  MPa SQRCml K -bc ta -c=  79 .8  MPa SQRCml 

...................... ....................... 

YP1261 
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SPECIMEN ID- 70W150 
TEST TEMPERATURE- 50 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 20 $6 

I N I T I A L  CRACK LENGTH= 27.5 mm a /W) i=  ,543 
MEASURED DUCTILE DELTA-+ 2.99 mm 
YIELD STRENGTH- 468 MPa 
FLOW STRENGTH- 526 MPa 
ESTIMATED YOUNG'S MODULUS= 204 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 255 kJIm"2 
KJ-MAX LOAD= 228.3 MPa SQRCml 

POWER LAW PROCEDURE 

J I c =  151.3 kJ/m"2 
K - J I c =  175.8 MPa SQRCml 
POWER= .675 
COEFFICIENT= 345.8 kJ/m"2 
T (AVERAGE)= 169 

------------------- 

I 

ASTM LINEAR PROCEDURE 

J I c =  107.5 kJ/m"2 
K - J I c =  148.2 MPa SQRCml 
SLOPE= 254126 kJ/m*3 
INTERCEPT= 81.5 kJ/m"2 
T (ASTM)= 188 
VALID, E813 

..................... 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)-  925.4 kJ/ 
POWER= .671  

RCURVE INVALID, 3 
J-MAX ALLOWED= 534.6 k J  

'm"2 

l/m"2 
COEFFICIENT= 344.6 kJ/m"2 
DELTA-A MAX ALLOWED= 2.32 mm 

c 

I 
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SPECIMEN ID= 70W152 
TEST TEMPERATURE= 288 DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES- 20 X 
I N I T I A L  CRACK LENGTH= 27 .6  mm a /W) i=  .545 
MEASURED DUCTILE DELTA-A= 3.05 mm 
YIELD STRENGTH= 442 MPa 
FLOW STRENGTH= 5 1 1  MPa 
ESTIMATED YOUNG'S MODULUS= 1 9 1  GPa 

SPECIMEN DID  NOT CLEAVE, J-MAX LOAD= 184.7 kJ/m*2 
KJ-MAX LOAD= 187.7  MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  122 .1  kJ/m"2 J I c =  114.6 kJ/m*2 
K - J I c =  152.7  MPa SQRCml K - J I c =  147.8 MPa SQRCm3 
POWER= . 5 0 5 9  SLOPE= 127306 kJ/m"3 
COEFFICIENT= 237 .1  kJ/m"2 INTERCEPT= 100.3 kJ/mh2 
T CAVERAGE)= 90 T (ASTM)= 93  

------------------- --------------------- 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 403.9 kJ/m*2 
POWER= .4776 COEFFICIENT= 236.4 kJ/m^2 
J-MAX ALLOWED= 519.6 kJ/m"2 DELTA-A MAX ALLOWED- 2 .31  mm 
RCURVE INVALID, 2 
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SPECIMEN ID= 71W103 
TEST TEMPERATURE= 1 2 1  DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 20 X 
1 L l l T l A I  CRACK LENGTH= 28.2 mm a/W) i= .556 

D DUCTILE DELTA-A= 3.33 mm 
TRENGTH= 424 MPa 
RENGTHo 489 MPa 
ED YOUNG'S MODULUS= 200 GPa 

N DID NOT CLEAVE, J-MAX LOAD= 188 kJ/m*:! 
KJ-MQX LOAD= 194.1 MPa SQRtmI 

POWER LAW PROCEDURE 

J I c =  125.9 kJ/m"2 
K - J I c =  158.8 MPa SQRCmI 
POWER= .5307 
COEFFICIENT= 248 kJ/m"2 
T (AVERAGE)= 112 

------------------- 

31-R CURVE CALCULATIONS ----------------------- 
J (@J/T=8.8)= 424.5 kJ/m"2 
POWER= .4516 
J-MAX ALLOWED- 497.1 kJ/m"2 
RCURVE INVALID, 2 

ASTM LINEAR PROCEDURE 

J I c =  130.8 kJ/m"2 
K - J I c =  161.9 MPe SQRlml 
SLOPE= 125341 kJ/m*3 
INTERCEPT= 114.1 kJ/m"2 
T (ASTM)= 105 
VALID, E813 

..................... 

COEFFICIENT= 246.9 kJ/m"2 
DELTA-A MAX ALLOWED= 2.25 mm 

YP1256 
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SPECIMEN IDS 71W-105 

TEST TEMPERATURE= -90 DEG C 
MATERIAL TYPE= A533BW 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 27.7  mm a/Wli= .547  
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 656 MPa 
FLOW STRENGTH= 690 MPa 
ESTIMATED YOUNG'S MODULUS= 212 GPa 

SPECIMEN CLEAVED AT K I P  47.8 MPa SQRCml (VALID ASTM E3991 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 12.6 kJ/mA2 J-INTEGRAL= 12.6 kJ/mA2 
KJc= 51.7 MPa SQRtmI KJc= 51.7 MPa SQRCml 
K -be ta -c=  50 MPa SQRCm3 K-beta-c=  5 0  MPa SQRlml 

...................... ....................... 

YP1262 
I 
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SPECIMEN ID= 71W107 
MATERIAL TYPE- A533BW 

THICKNESS= 25.4 mm 
SIDE GROOVES- 0 96 
I N I T I A L  CRACK LENGTH= 27.6 mm a /W) i=  .544 
MEASURED DUCTILE DELTA-+ .05  mm 
YIELD STRENGTH= 5 4 1  MPa 
FLOW STRENGTH= 607  MPa 
ESTIMATED YOUNG'S MODULUS= 210 GPa 

TEST TEMPERATURE= -50 DEG C 

SPEC I ME1 N CLEAVED AT K = 8 4 . 1  MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 3 5 . 1  kJ/m"2 J-INTEGRAL= 35.1 kJ/m"2 
KJc= 85.8 MPa SQRCml KJc= 85.8 MPa SQRCml 
K-beta-c=  68.6 MPa SQRlml K-beta-c= 68.6 MPa SQRlml 

...................... ....................... 

YP1263 
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SPECIMEN ID= 71W-114 
MATERIAL TYPE= A533BW 

THICKNESS= 25.4 mm 
SIDE GROOVES- 0 % 
I N I T I A L  CRACK LENGTH= 28.1 mm a/W) i= .553  
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH- 502 MPa 
FLOW STRENGTH= 5 6 7  MPa 
ESTIMATED YOUNG’S MODULUS= 208 GPa 

TEST TEMPERATURE= - 1 0  DEG C 

AT K = 99.5 MPa SQRIml (NOT VALID K I c )  

LOAD VALUES AT CLEAVAGE LOAD 

k 3/m^2 J-INTEGRAL= 58.8 k J / m ” 2  
R C m l  KJc= 110.6 MPa SQRCml 
a SQRCml K-beta-c= 75.8 MPa SQRlml 

----- ....................... 

YP1264 
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SPECIMEN ID= 71W124 
TEST TEMPERATURE= 50 DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES= 20 k 
I N I T I A L  CRACK LENGTH= 27.8 mm a/W)i= .549 
MEASURED DUCTILE DELTA-&= 3 . 0 1  mm 
YIELD STRENGTH= 457 MPa 
FLOW STRENGTH= 5 2 1  MPa 
ESTIMATED YOUNG'S MODULUS= 204 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 228.4  kJ/m"2 
KJ-MAX LOAD= 216.1 MPa SQRCmI 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  111.6 kJ/m"2 J I c =  99.2 kJ/m"2 
K - J I c =  1 5 1  MPa SQRCmI K - J I c =  142.3 MPa SQRCml 
POWER= .6774 SLOPE= 191563 kJ/m"3 
COEFFICIENT= 280.2 kJIm"2 INTERCEPT= 80.9 kJ/m"2 
T (AVERAGE)= 143 T (ASTM)= 144 

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS 

J (@J/T=8.8)= 763.7 kJ/m"2 
POWER= .672 COEFFICIENT= 280.3 kJ/m"2 
J-MAX ALLOWED= 529.8 kJ/m"2 DELTA-A MAX ALLOWED= 2.29 mm 
RCURUE INVALID, 1 3 

....................... 

YP1291 
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DISPLACEMENT ( m m  1 

ORNL-DWG 87-7986 

71W124 5QI IIEGREES C. 
1000 MODIFIED-ERNST J - I N T E G R A L  
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A 

E; E38 

4 QQ 

2 00 

0 
0 

0 
0 -  

0 1 2 3 4 5 

C R A C K  EXTENSION ( m m  1 
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SPECIMEN ID= 71W125 
TEST TEMPERATURE= 204  DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES= 20 X 
I N I T I A L  CRACK LENGTH= 28 .1  mm a/W)i= .553 
MEASURED DUCTILE DELTA-A= 3.19 mm 
YIELD STRENGTH= 415 MPa 
FLOW STRENGTH= 482 MPa 
ESTIMATED YOUNG'S MODULUS= 196 GPa 

SPECIMEN DID  NOT CLEAVE, 3-MAX LOAD= 158.4 kJ/m"2 
KJ-MAX LOAD= 176 MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I G =  136.5 kJ/m"2 J I c =  122.1  kJ/m^2 
K - J I c =  163.4 MPa SQRCml K - J I c =  154.5 MPa SQRlml 
POWER= .392 SLOPE=- 106659 k J/m"3 
COEFFICIENT= 221.2 kJ/m"2 INTERCEPT= 108.6 kJ/m*2 
T (AVERAGE)= 76  T (ASTM)= 9 0  

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T-8.8)= 344.6 kJ/m"2 
POWER= . 4 0 0 7  COEFFICIENT= 222.9 kJ/m^2 
J-MAX ALLOWED= 489.4 kJ/m"2 DELTA-A MAX ALLOWED= 2.27 mm 
RCURVE INVALID, 2 

YP1290 
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SPECIMEN ID= 71W127 
TEST TEMPERATURE= 288 DEG C 
THICKNESS= 2 5 . 4  mm 
SIDE GROOVES= 2 0  X 
I N I T I A L  f?RACK I FNI=TH= 7F\ mm n/LI> i 6 . 55? 

ml 

‘2 

l/m”2 
1.26 mm 
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SPECIMEN ID= 71W-130 
TEST TEMPERATURE- 3 0  DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 27.7  mm e/W) i= .547 
MEASURED DUCTILE DELTA-A= 3.29 mm 
YIELD STRENGTH= 470 MPa 
FLOW STRENGTH= 535 MPa 
ESTIMATED YOUNG'S MODULUS= 205 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 285.3 k J / m h 2  
KJ-MAX LOAD= 242.1  MPa SQRtmJ 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  131.5 kJ/m"2 J I c =  128.8 kJ/m"2 
K - J I c =  164.4 MPa SQRtml K - J I c =  162.7 MPa SQRCmI 
POWER= .7843 SLOPE= 258546 kJ/m"3 
COEFFICIENT= 364.2 kJ/m"2 I NTERCEPTs 97.7 k J/m"2 
T (AVERAGE)= 2 0 1  T (ASTM)= 186 

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 1019.9 kJ/m"2 
POWER= .6956 COEFFICIENT= 3 6 4 . 1  kJ /mh2 
J-MAX ALLOWED- 613.4 kJ/mA2 DELTA-A MAX ALLOWED= 2.29 mm 
RCURUE INVALID, 3 

YP1288 
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SPECIMEN ID- 71W135 

THICKNESS= 25 .4  mm 
SIDE GROOVES= 0 % 
I N I T I A L  CRACK LENGTH= 28 mm a/W) i= .551 
MEASURED DUCTILE DELTA-&= .45 mm 
YIELD STRENGTH= 502 MPa 
FLOW STRENGTH- 5 6 7  MPa 
ESTIMATED YOUNG'S MODULUS= 208 GPa 

TEST-TEMPERATURE= -10 DEG C 

SPECIMEN CLEAVED AT K = 111.3 MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

3-INTEGRAL= 202.9 k J / m * 2  J-INTEGRAL= 202.2 kJ /m"2  
KJc= 205.3 MPa SQRCml KJc- 205 MPa SQRCml 
K-beta-c-  99  MPa SQRtml K-beta-c= 99 MPa SQRtml 

...................... ....................... 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  161.9 kJ /m"2  J I c =  0 kJ/m"2 
K - J I c =  183.4 MPa SQRtml K - J I c =  0 MPa SQRCml 
POWER- .5616 SLOPE= 0 kJ/m"3 
COEFFICIENT= 322.9 kJ/m"2 INTERCEPT- 0 k J I m " 2  
T CAVERAGE>= 117 T (ASTM)= 0 

------------------- ..................... 

INVALID, 1 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 328.9 kJ/m*2 
POWER= - 3 5 4 4  COEFFICIENT= 256.6 kJ/m"2 
J-MAX ALLOWED= 645.3 kJIm"2 DELTA-A MAX ALLOWED= 2.27 mm 
RCURVE INVALID, 2 
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- Krc (ASTM E3991 --- 
1. KIC > U Y S  * .Cao/2.5 

3. max/ /PQ > 1.1 

- J I C  (ASTM E8131 

lines. 
a. < 4 data points between 0.15 and 1.5 mm exclusion 

b. Data clustering problem. 

c. Delta-a prediction error too large, 
I (delta-a)pr ed - (  delta-a)meae I > 0.15 .(  delta-a)meas 

d. BN < 25 JQ/OY 

e. bo < 25 JQ/UY 

Tentative JI - R Curve Procedure 

1. < 3 data points between (delta-a)=O and secant line 
[J=4/3*uy*(delta-a)] 

2. < 10 data points between secant line and (delta-a)max 
[O. l*bo] 

3. (delta-a) prediction error too large', 
I (delta-a)pred - (delta-a)meaa I > 
MINIMUM [0.15*(delta-a)meas,O.l5*(delta-a)max) 
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I 1 I I 

SPECIFlEN O2G-331 

c 1  e avagc 

FRILLRE TYFE R 
E c u r v e  < 0. 15mm t x c l l ~ z i a i - 1  1 inr 

( I n z u f  f i c i e n t  f o r  an a 1 y s  i s  

i 

. 4 0  .BO 1.20 1.60 

Spec i r iaen Load1 i n e  I?ef l e c t i o n  ! r i m i  

8 
0.00 

TEST SPECIMEtI nHTH 
Mat,eri a1 Type 
Tes t  Tenipcrat.ure 
Perc en! S i  d e  Groove 
Specinien 'Th ickness  B 
I n i t i a l  a/W 
I n i t  c r a c k  l e n g t h  a 
Flow s t r e s s  
Y i e l d  s t r e s s  
Ymings niod<il BJS E.  
Poiss.on's R a t i o  (u) 
J -  I ttTEGF'AL HtIHLYS I E: 
F a i l u r e  Type A (J at i t s s t a b i l i t y  = J i c )  
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I 1 1 I 

SPECIPIEN OZG-335 

c I d avag e 
I n s t a b t  1 I t y  /- 

0 
8. L3c) .30 . 6 0  . 9 0  1 . 2 0  1 

8 I I 

S p a c i m s n  Load1 i n a  D e F l a c t i o n  !rim) 

TEST !;PEl: I t l E t I  D H T A  
rl.st. e r  i .a 1 Ty):ae 
Test  T e m p e r a t u r e  
Percent  S ide  G r o o v e  
Spec imsn Th ickners  E 
I n i t i a l  .a/bl 
I n i t  c r i c k  l e n g t h  .a 
Flow s t r e s s  
l l e l d  s t r e s s  

Poizss2n'c R a t  i-r,  Iu) 

I, . 
Yol.rng. ti,*~.jI.ll 1.15 E 

= 13533-E HSST 02 Ret' 
= 80 C 
S O : :  
= 25.4  mm 
= .617 
= 31.33 am 
= 656.4  PIPS 
= 598.2 MPa 
= 202600 rip.% ( € 5  c i n a  at E -3 ?a I LIE i 
= o  
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/r 
FRILUEE TYPE R 

( Ins u f f i c i e nt f o r an a 1 ys i s 1 

. 2 0  . 4 0  . s o  .EO 1 .  BU 

S p e c i m e n  Load1 i n e  D e f l e c t i o n  ( m m )  

TEST SFECI~lEl4 D A T A  
M a t e r i a l  Type A533-E HSST 132  RE^ 
Tes t  Temperature = 50 c 
Percent  S i d e  Groove = 8 % 
Specimen Th ickness  E = 25.4 m m  
I n i t i a l  a/W = .61E 
I n i t  crack l e n g t h  a = 31.41 rnm 
Flow stre5.s = 6 7 0 . 2  tlPa 
Y i e l d  s t r e ~ 5  = 604 W a  
Youngs a o d c t l  US E' = 204300 IlPa ( E s t  i mated Val U E  ) 
Po isson 's  R a t i o  (u) = 8 
J- I NTEGEHL 
F a i l u r e  Type H i J  at i n s t a b i l i t y  = J i c )  
J i c  = 55. 9 k J/m,'2 

AtIALYS I S 

K j c = ( E J i c / ( l - u ~ 2 ) ) ~ . 5  = 187 IlPa \ / m  v=. 3 
K i c  <Beta C o r r e c t e d )  = 81.5 #Pa \ / fn u=. 3 
ASTtl  E3?9-81 HIIALYS I S 
t l o d i i i c d  K i c  Equat ion ;  B = (EEn)^.S 
Maxi mum Load P = 39.5 k l l  
5% Secant O f f r e t  Pq = 28.95 k t t  
K i  c 74.3 MPa \ / I , >  

V a l i d i t y  = INVHLID--l ,  2, 3 
K a t  Maximum Load = 101.4 MPa \ / i n  
D A T A  CORPECTIOI IS  USED FOR J-IIITEGPAL I l A T H  
PIcr.klc-Cc,rten OFFSET LOAD= 0 Ib OFFSET UEFLECTIOlt = 1.466451 16i iC.E-04 i n .  
Spec i m e n  r o t  a t  i o n  Loird i n t e r c e p t  e l a i t i c   slop^ =-.OOi:!60455 It, 
F i t t e d  e l a s t i c  l o a d  range= 2 5 0 0  TO 2000 C o r r e c t i o n  t o  J f o r  c r i c k  e x t e n s i o n  
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I I I I 

SPECIMEN 02 G-354 

I I 

1 
FAILURE TYPE C 

6 R c u r ~8 i :. i . 5 rilrri :I 
I 

MEA ?- flSTI.1 ANfiLY S I S AF'PL I CAB L E 

C r  ac I:. E x  t. Y r-is i D ti riirri 1 
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8 
0.0 . 5  1.8 1 . 5  2.0 295 

TEST SPECIMEN D A T A  
Mat e r  i a1 Type 
T e s t  Temperat ure 
P e r c e n t  S i  de  Groove 
Spec i men T h  i c k r-1es.s 
I r t i t  c r a c k  l e n g t h  
F i  r i a l  c r a c k  l e n g t h  
F 1 o w  s t  res:. 
Youngs mcdul us v 

C r a c k  E x t e n s i o n  <mm) 

= A533E PLATE 02  
= 121 C 
= 28 Y 
= 25.4 mrit 
= 3 1 . 6 rn rii 
= 4 B . 6 1  mrii 
= 639.2 MPa ' 

= 20L33L3L3 p1pa 

I n i t  aj'W = .G22 
F i n a l  a/W = ,749 

< E s t  i rr la t  ed V a l  UI > 
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SPECIMEN 026-358 

. c1 eavage  
I n ~ t a b l  1 1  t y  

-2 / 
FRILLIRE TYPE R 

R curve < 0. 15riIrii e x c l c r r i o n  l i n e  
( Insuf  f i c I e n t  f u r  51-1 a 1 :is 1s  1 

0 
0.00 

S p e c i m e n  Load1 i n e  nrf l e c t i o n  ( i n m )  

TEST SPECIflEt4 D A T A  
M a t e r i a l  Typo R533-E HSST 0.2 Ref 
Tes t  Temperature = 50 c 
P e r c e n t  S i d e  G r O O U F  = 0 2 
Specimen Th ickness  E = 25.4 mm 
I n i t i a l  a/W = .619 
I n i t  c rack  l e n g t h  a = 31.46 m m  
F l o w  s t r e s s  = 670.2 IlFa 
Y i e l d  s t r e s s  = 684 flPa 
Yo~4ngs modul us E = 209400 I1Pa ( E s t i m a t e d  Va lue)  
Po isson 's  R a t i o  (u) = 0 
J - I t I T E G R HL 
F a i l u r e  Type A ( J  at i n s t a b i l i t y  = J i c )  
J i c  = 26. 6 kJ/tn*.2 
Kjc=<EJic/(l-uA2))^.5 = 73.8 IlPa \ / in  u=. 3 
K i c  (Eeta C o r r e c t e d )  = 65 NPa \ / i n  u=.3 
A S T t l  €389-81 AIIFtLYSIf 
t l o d i i i e d  t:ic Equat ior t ;  E = ( E E t - , ) ^ . S  
Maxi rnulrl Load P = 28.8 kt4 
5:: Secant O f f ss - t  Pq = 28.22 ktJ 
I: i c = 7 2 . 7  w a  \ / w  

A 1.1 AL Y S I S 

V a l i d i t y  = I t (VALID-- l ,  2 
I: ab Maxi m u m  Lo id = 74.2 I lPa \ / m  

Spec i m e n  r o t  a t  i o n  Load i n t e r c e p t  e l a s t i c  s lc ,p i  = ~ . ? l ~ : l : ~ I ~ : l ~ l ' ~ E - ~ : ~ d  I t ,  
F i t t e d  e l a s t i c  l o a d  range= 2500 T O  2800 C o r r e c t i o n  t o  J f o r  Crac I  E x t e n s i o n  



233 

I 

C l e a v a g e  
f i s t a b l l l t y  

1 I I 

SPECIMEN 02G-368 

FRILURE TYPE R 
i a n  l i n  

(Insufficient f o r  analysis) 

.08 . 1 6  .24 .32 . 4 0  

S p e c i m e n  Loadl ine.  D e f l e c t i o n  ( m m l  

TEST SPECIMEN D A T A  
P l a t .  et' i a1 Type = A533-B HSST 02 Ref  
T e s t  Temperat u r e  = -25 c 
P e r c e n t  S i d e  Groove = @ ; !  
Specimen T h i c k n e s s  B = 2 5 . 4  mm 
I n i t i a l  a/W = .622 
I n i t  c r a c k  l e n g t h  a = 3 1 . 6  mm 
Flow s t r e s s  = 715.7 MPa 
Y i e l d  s t r e s s  = 643.3 MPa 
YoUngs modU1 US E = 208600 rwa ( E s t i m a t e d  V a l u e )  
P o i s s o n ' s  R a t i o  (u) = 0  
J- I HTEGR'HL ANALYSIS 
F a i l u r e  Type A <J at i n s t a b i l i t y  = J i c )  
J i  c = 8.2 kJ/m^2 
K j c = ( E J i c / ( l - u A 2 ) ) ^ . 5  = 4 1 . 3  MPa \ / m  v=.  3 
K i c  ( B e t a  C o r r e c t e d )  = 4 0 . 6  MPa \ / m  v=.  3 
ASTM E399-81 At4ALYSIS 
M o d i f i e d  K i c  Equ.at ion;  B = (BBn)^.S 
Maxi  m u m  Load P = 1 6 . 5  k N  
52  Secant  O f f s e t  Pq = 16 .53  kN 
K i  c = 4 3 . 1  MPa \ / m  
V a l i d i t y  = VALID K i c  v a l u e  
K at Maximum Load = 43 MPa \/m 
D A T A  CORRECTIONS USED FOR J-INTEGRAL D A T A  
Merk 1 e -Cor t  en  c o r r e c t  i o n  
C o r r e c t i o n  f o r  spec imen  r o t a t i o n  
C o r r e c t  i o n  t o  J f o r  c r a c k  e x t e n s i o n  
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3 0  I I I I 

I 1 SPECIMEN 02G-366 

I 

FRILURE TYPE R 

( I n s u f f i c i e n t  f o r  an; 
ion  
1 yz 

1 i nt 
i z )  

I I I 
. 0 8  . 1 6  . 2 4  . J L  . 4 0 

0 1'- 
0 .  BO 

S p e c i m e n  L o a d l i n e  I7rf l e c t i o n  ( r n m i  

TEST SPECIMEH D A T A  
I l . i t c r i a 1  Type 
Test  Tehoptrature 
Percent  S i  de Grcnoue 
Spec iriton Tt3icknfs.s E 
I n  i t i a1 a/l4 
I n i t  crack l e n g t h  a 

Y i e l d  stre:s 

Poisson's. R a t i o  (u) 

F l O U  S t f . € 5 5  

Younps nindcll C I S  E 

H533-E HSST 02 F:eC 
= -25  c 

= 25.4 mi6 

= .625  
= 31.72  tom 
= 715.7  NPa 
= 6 4 3 . 3  MPa 
= 2086[10 plpa ( E c  t i float c d Va 1 t ic  ) 
= 0  

J-ItITEGF:HL AtlALYSIS 
F a i l u r e  T y p e  H ( J  at  i n s t a b i l i t y  = J i c )  

= 7 . 4  kJ/mA2 
= 3 9 . 3  MFa \/rn v= .  3 
= 38.8 IWa *./in v= .  3 

E = ( B E n ) A . 5  
= 15.7 k N  
= 15.67 k N  

= VALID K i c  v a l u e  
= 4 1 . 3  I1Pa \ / tu  
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0.0 . 5  1.0 1 . 5  

C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEN D A T A  
M a t e r  i a1 Type = k533B 02 P l a t e  . .  
T e s t T e m pe ra t  u r e = 288 c 
P e r c e n t  S i d e  Groove = 20 Y 
Specimen T h i c k n e s s  = 25.4 rnrn 
I n i t  c r a c k  l e n g t h  = 31.74 mm 
F i n a l  c r a c k  l e n g t h  = 43.32 mm 
F l o w  stress  = 613.1  MPa 
Youngs modulus = 198880 MPa 

I n i  t 
F i  na 

( E s t  mated Value) 
POWER LAW DHTA J = C (De1 t a  a) N 
J i c  = 183.8 kJ/ri iA2 
K j c  = 148.7 MPa \/m 
J <@J/T=8.8)  = 279.1 k J/,mA2 
Exponent  N = .4287 
C o e f f i c i e n t  C = 192.4 kJ/mh2 
T (ave rage)  = 45 
LEAST SQCIARE LINEAR LINE CASTM> J = II ( D e l t a  a> .+ E 
J i  c = 100.9 kJ /mA2 - K j c  - 
S 1 ope M - 
I n t e r c e p t  B - 
T (HSTI.1) - 
V a l i d i t y  ( J i c )  - 
Val i d i  t y  (R -cu rve )  = 
J maxi murii  a1 1 owed - 
D e l t a  a Max. al lcswed = 

- 
- 
- 
- 

- 
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I n i 1, 
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3 
I SPEC1 HE 1.1 OE G - 4 GI? 

64 1 C1 e avaye 

/ yr 
' / I 

FRILURE TYPE R 
/ 

R c u r v e  < 0. 15rilrii e x c l u z i o n  l i n e  
( I n s u f f  i c i ers t  f o r  a n a l y s i s )  

/' /" 
I I 0 

6.811 

S p e c i m e n  Load1 i n e  Ucsf l c c t i o n  ( r n r n )  

TEST SFEC.IHEN D A T A  
Mater  i a1 Type = A533-B HSST 02 R e f  

Percent  S i d e  Groove = 0 2 
S p e c i r e n  Th ickness  B = 25.4 m m  
I n i t i a l  a/W = .615 
I n i t  c rack  l e n g t h  a = 31.24 mm 
F low s t r e s s  = 670.2 MPa 
Y i e l d  s t r e s s  = 604 MPa 
Youngs modulus E = 204400 MPa < E s t i m a t e d  Va lue)  
Po isson 's  R a t i o  (u) = 0 
J-IIITEGRAL ANALYSIS 
F a i l u r e  Type A ( J  at i n s t a b i l i t y  = J i c )  
J i c  = 71.9 kJ/m*'2 
K j r = ( E J i c / ( l - u - 2 ) ) ^ . 5  = 121.2 MPa \ / in v=. 3 
K i c  ( B e t a  C o r r e c t e d )  = 87.1 MPa \/m u=. 3 
ASTM E39?-81 AIIHLYSIS 
M o d i f i e d  K i c  Equat ion ;  B = (EEn)A.5 
Maxi mum Load P = 43.7 k N  
5% S e c a n t  O f f s e t  Pq  = 31.25 k N  
K i c  = 79.1 MPa \/M 
V a l i d i t y  l N V ~ L I D - - l ,  2, 3 
K at Maximum Load = 110.7 MPa \/m 
D A T A  CORRECT IONS USED FOR J-IIITEGRAL D A T A  
M e r k  l e - C o r t e n  OFFSET LOAD= 0 1b OFFSET DEFLECT1011 1 . ~ 0 1 9 ~ 6 ~ ~ : ~ ~ ~ E - O J  in. 
Specimen r o t a t i o n  Load i n t e r c e p t  e l a s t i c  s l o p e  = .00000J~;5 I t  
F i t t e d  c l a s t i c  l o a d  range= 2500 TO 2000 C o r r e c t i o n  t o  J f o r  c r k c k  e x t e n s i o n  

Te 5. t T e in I:, e r st u r e = 50 c 
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4 2  

2 8  

14 

CI 

Z 
5 

. 

. 

. 

. 

m 
6 
0 
J 

7 0  I I I 1 

I I SPECIMEN 02G-411 

C1 eavage 
I n s t a b l l  l t y  f 

FRILLIRE TYFE R 
E curve  < 0. 15riIril rxcluc; i o n  I i n e  -/ , 

( I n s u f  f i c I e n t  f o I* an a 1 y 5 i 5 ) 

0". 00 . 1 6  .32 . 4 8  .61 . E 8  

S p e c i m e n  Load1 i n a  D a C l e c t i o n  ( m m )  

TEST SPECIREtl DHTA 
M a t e r i a l  Type 
Tes t  Temperature 
Percent  S ide  Groove 
Specimen Th ickness  B 
I n i t i a l  a/W 
I n i t  c rack  l e n g t h  a 
F1 ow s t r b  ss 
Y i e l d  s t r e s s  

Poisson 's  R a t i o  ( v )  
Youtlgs mC*d<iil 115 E .  

P A533-E HSST 02 R e f  
= 50 c 
= 0 %  
= 25.4 mm 
= . 6 1 2  
= 31.06 m m  
= 670.2 l lFa 
= 604 PlPa 

- 0  
= 2 0 4 4 0 0  MPa ( E 5 t i hi?(. d V S  1 UE ) 

J-INTEGRHL ANALYSIS 
F a i l u r e  Type H (J at i n s t a b i l i t y  = J- ic )  

34.3 kJ/mA2 
83.7 t1Fa \/m , u=.3 
70.6 llFa \ / m  u=.3 

J i c  
K j c = ( E J i c ~ ( l - ~ ~ 2 ) ) ~ . 5  
K i c  (Beta C o r r e c t e d )  
ASTM €399-81 AllHL':S I S 
M o d i f i e d  K i c  Equat ion ;  = (BBn)^.5 
Maximum Load P 33.8 kI.1 
5% Secant O f f s e t  Pq 29.28  kt( 
K i c  73. 1 HFa \/m 
V a l i d i t y  INVHLID--1, 2 ,  3 
K at, Maximiutl) Load 8 4 . 4  t1Pa \/I,& 

DHTA COEF:ECTIOIlS  USED FOE J-IIITEGRHL n A T A  
I lerk1e-Cor.ten OFFSET LOAD= 8 l b  OFFSET DEFLECTION = 1.36307343724E-04 in. 
Spec i men r o t  at i on Load i n t e r c e p t  e l a s t i c  s l o p e  = - . 0 0 0 0 0 0 3 5  I t - '  
F i t t e d  e l a s t i c  l o a d  range= 2500 TO 2000 C o r r e c t i o n  t o  J fc.1- cr.+:I: e::*.anaion 
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SPECIHEtI 021;-4 13 

( Ins u f f i c i ent f o r an a 1 :i.s i s j /- 
I 1 I 

3 . 2 0  .30 . 6 U  . 8 0  1.00 

A533B P l a t e  02 
8 0  c 
0 %  
2 S . 4 
. 6  
30.48 L l h  

656.5 MP.i 
5?0.3 MP.3 

181 (io  
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SPECIMEN 02G-416  

- C l e a v a g e  
I n s t a b i  1 r t y  . 

- ,, x / -0 
RI 
0 
J 

2 4  I - 

FRILUEE TYFE R 
R curve < 0. 15mm e x c l u z i a n  1 ~ r l t  - 

(Insufficient f o r  a i a l y c i s )  

I I 

0.00 . 2 0  . 4 0  . 6 0  .EO 1 .  

t 

E - 
0 

Lo 

W 
P 

CllII 

TEST SPECIMEN. DQTH 
M a t e r i a l  Type = A533-B HSST 02 Ret. 

P e r c e n t  S i d e  Grooue = 8 2 
Specimen Th ickness  B = 25.4 a m  
I n i t i a l  a/W = .61 
I n i t  c r a c k  l e n g t h  a = 30.98 m m  
F 101.) s t  r e  ss = 670.2 IIPa 
t i c l d  s t r e s s  
Yurrtigs rficndtr 1 CIS E = 264460 IIPa (Es t  itabated ? a l u e j  
Pois.son's R a t i o  (u) = 0 
J - I I I T  E I; E HL A I4 A L Y S I S 
F a i l u r e  Type H ( J  at  i n s t a b i l i t y  = J i c )  
J i c  26.7 k J / n l h 2  

K i c  ( B e t a  C o r r e c t e d )  = 65 PIPS \ / io>  u=.3 
HSTN €399-81 AllHLYSIS 
I l o d i C i e d  K i c  Equa t ion ;  E = ( B B n ) " . 5  
1.1 ix i mum Load P = 23.98 k t l  
5% Sechrtt O f f s e t  Pq = 29 .04  k N  
K i c  = 7 2  I I P i  \,'m 
V a l  i d i t y  = I I 4 V A L I D - - l ,  2 
K at f laximua Load = 74.3 HFa \/n, 
DHTA CC1F:F'ECTIOt~S USED FOE J - I  IITELEAL DATH 
IIet-k I c - C o r t e n  i tFFSET LOHD= 0 I t a  U F F S E T  DEFLEI~TIOll = 4 .  5 8 2 ~ 3 3 . ~ 0 ~ 0 E E - 0 5  ir,. 
Spec i men r o t  ~t i o n  Load in tc t -ce) j t  e l r s t i c  s l o p e  = 1 . 4 1 4 1 : - - - - - - '  r.r_..r_..r_.f..r_., E - i i j  It, 
F i t t e d  e l a s t i c  l o a d  range=  2 5 0 0  T O  ZOC*C* C o r r e c t i o n  t o  J fcsr . .  c r a c l :  ~x ten : . i on  

Tec t Temperature = 50  c 

E: 604 MP;. ., . 

&J~=<E3ic/<l-uAZ))^.5 = 7 3 . 9  kIPa \/re v=. 3 
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I I 1 

SPECIMEN 02C-4 19 

a .5 1 .8  1 . 5  2.0 2 . 5  

C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEt4 DHTA 
Mat,er i a1 Type 
T e s t  Tempera tu re  
P e r c e n t  S i  de Groove 
Spec i men T h i  ckiiess 
In i t ,  c r a c k  l e n g t h  
F i n a l  c r a c k  l e n g t h  
F l o w  s t re5 .s  
Youngs rncsdul us 

= fi533E P l a t e  {HSST 82) 
= 121 c 
= 20 2 
= 2 5 . 4  mm 
= 3 1 . 6 2  m m  I n i t  a/W = .622 
= 4 8 . 5 6  m m  F i n a l  ai'W = .798 
= 639.2 MPa 
= 208300 MPa < E s t  i rnated V a l u e . )  

POL-IEF: LAbJ D A T R  J = C <De1 t a  a) 14 
J i  c = 158 .4  kJ/mA2 
K j  c = 178.1 MPa W m  
J (@J/T=8.8) = 3 4 5 . 5  kJ /mA2 
Exponent  N = .3927 
C o E f f i c i e n t  C = 2 6 2 . 5  kJ/m*2 
T (ave rage)  = 53 
LEHST SGrUHRE LIt4EfiR L INE (HSTM) J = M ( D e l  t a  a) + 2 
J i c = 150 .6  k J / m A 2  - K j c  - 
S 1 ope M - 
I n t e r c e p t  E - 
T (ASTM) - 
V a l i d i t y  ( J i c >  - 
V a l i d i t y  (R-curve)  = 
J maxi  rfiulii a1 1 Ot-Jed - 
D e l t a  a max. alloL.!ed = 

- 
- 
- 
- 

- 
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TEST SPEC: I PlEtI D A T A  
Hater  i a1 Type 
Te5.t TeUipet-at  re 
P e r c e n t  S i  de Groove 
Spec i men T h i c k n e s s  
In i t ,  c r a c k  l e n g t h  
F i rial c r a c k  1 e n g t  h 
F 1 OI.J s t  r e s 5  

C r a c k  E x t e n s i o n  Cmm) 

= HSST S/A Weld 

= 28 y 

= 38. 65 KIRI 

= 34.75 mm 
= 575.5 MPa 
= 288388 MPa 

= 121 c 

= 25.4 Kif11 

I n i t  a/W = .683 
F i n a l  aiW = .684 

( E s t i m a t . e d  V a l u e )  

Kjc  = 222.3 MPa \/M 
J (@J /T=8 .8 )  = 983.7 kJ/mA2 
Exponent  N = .6326 
Coef  f i c i E' n t C = 465.2 kJ/m*2 
T ( a v e r a g e >  ' = 168 
LEAST SC!URRE LIt4EHR LINE (HSTM) J = M ( D e l t a  a> + - B 
J i c  = 217 kJ/m*.2 
Kjc = 2 8 8 . 5  MPa \ / m  
s 1 ope M = 286325.8 k J/mA3 
I t i t  E' r c e p t E = 163 kJ/m*2 
T ( A S T H >  = 173 
V a l i d i t y  ( J i c ;  = VALID 
Val i J i  t y ( R - c  clrve; = I tWAL I D-- 1 
J maxi ri iur i i  a 1  1 O I ~ J E ' ~  = 579.4 kJ/mA2 (Jmax=Enet*Flow stress,, '20> 
D e l t a  a ~1.33:. a l l c l u e d  = 2.81 mm ( D e l t a  a max = B . l + t m >  
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I 

FRILUEE TYPE R 
- R c u 1% v e  < 0 , 1 5 riirii e x 5: 1 1-1 :: i 11 1-1 1 i 1-1 e 

i I n s i j f f  i c i e n t  for  a n a l y s i s )  

i 

J - I t I T E L R A L  Ht4FIL'i'SIS 
F a i l u r e  T y p e  A (J at, i n s . t a b i l i t y  = J i c )  
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SPECIMEN 681J-EC 

I 
0.0 . 5  1.0 1.5 2.0 2 . 5  

C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEN D A T A  
M a t  e r  i a1 Type 
T e s t  Tempera ture  
P e r c e n t  Si de Grooue 
Specimen T h i c k n e s s  
I n i t  c r a c k  l e n g t h  
F i n a l  c r a c k  l e n g t h  
F l o w  s t r e s s  
Youngs modulus 

= A533E HSST Weld 
= 288 c 
= 20 2 
= 25.4 mm 
= 38.59 mm 
= 38.84 mm 

= 190808 MPa 
= 5 9 8 . 9  rwa 

I n i t  a/W = ,682 
F i n a l  a/W = . 748  

( E s t i m a t e d  V a l u e )  
POWER LAW D A T A  J = C ( D e l t a  a) N 
J i  c = 138 kJ/m*2 
K j c  = 162.3 MPa \ / m  
J (CdJ/T=8.8> = 542.9 kJ/m*2 
E x po.nen t N = .5642 
C o e f f i c i e n t  C = 289.4 kJ/m*2 
T (duerage) = 90 
LEAST SQUARE LINEHR L INE (HSTM) J = M ( D e l t a  a) + E 
J i  c = 125.8 kJ/m*2 

154.9 MPa \ / m  
174822.2 k J/riiA3 
187.1 kJ/m*2 
96 
VHLID 
INVALID--8 C.62 US . 3 )  
596.5 k J/m*2 (Jmax=Bnet +F 1 ow st r e ~ . ~ . / 2 0  3 
2.02 mm . ( D e l t a  a max = 0.l+bo) 
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SPECIMEN t3614-CC 

FAILI-IRE TYPE A 
E curve < D .  15mm exclusian line 

( I n s u f f i c i e n t  fo.r a n a l y z i z )  
f 

I/ I I I I 

08 . 2 1. . 4 0  . E 0  . E 0  1.08 

S p e c i m e n  L a a d l i n e  D e f l e c t i o n  ( m m l  

T E S T  S F E C I b l E t 4  IIHTH 
Ma?. er i a1 T y p e  = HSST S/A Weld 
T e 5. ?. T rii 1:' e r .a?. u v B 
Perc  erst S i  de Grc~c~r.Ie 
Specimen T h i c k n e . s s  B 
I n i ?. i a 1 a,' 14 
I n i  t c r a c k  l e n g t h  a 
F 1 O W  s t  t"Bs5 

Y i e l d  S t r e s s  
Youngs - modu 1 us. E 

F a i  1 ur-e T y p e  H C J at. 
Jic 
K j c = < E J i c > * . 5  
K i c  (Beta C o r r e c t a d >  

J - I  t4TEGRHL Ht4ALYS I S 

= -75  c 
= a x  
= 2 5 . 4  mm 
= . 5 9 7  
= 3 8 . 3 3  mm 
= 741 MPa 
= 726 MPa 
= 211408 MPa 

i n s t a b i l i t y  = J i c )  
= 4 4 . 8  k J/m*2 
= 9 7 . 3  MPa \ / m  
= 8 3 . 1  MPa \ / m  

( E s t i m a t e d  Value!  

v=. 3 
v=.  3 
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SPEC1 MEN 68 14-CD 

I 
I 

FRILUEE TYPE R 

. ( I n s u f f i c i e n t  f u r  analy, .s is:)  
R curve  < El. 15mm e x c l u s i a n  1 ine  

8 

Spec i rnen L o a c l l  i ne Def l e c t i  can ( m m )  

T E S T  SPECXPlEt4 DATH - Plater  i a? Type - 
Test, Temperature - 
P e r c e n t  S i  de Groove - 
Spec  i icier1 T h i  c k n e s s  B = 
I n i t i a l  a/W - 
I n i t  c r a c k  l e n g t h  a - 
F l o i , ~  s t r e s s  - 
Y i e l d  s t r e s s  - 
Y ct 1-J n 9 5. ria cl d CJ 1 CJ s E =  
J-INTEGRHL RNHLYSIS 
F a i l u r e  Type H C J  at i n s t a b i l i t y  = J ic )  
J i c  = 9.5 k J / m * \ Z  ' 

- 
- 
- 
- 
- 
- 

K j c = ( E J i c  IA. 5 = 45.3 PlPa \ / rn  v= .  3 
K i  c (Eeta C o r r e c t e d )  = 44 .9  MF'a W r n  v = .  3 
HSTPl E334-8 1 At-IALYS I S 
P l o d i f i e d  K i c  E q u a t i o n ;  E = ( E B n ) ^ . 5  
Plax i riiurii Load P = 19 .1  kt4 
44 Secant Ot-fset P q  = 19. 1 kt4 
t < i  c = 44 .5  b1Pa \ / m  
V a l i d i t y  = V H L I D  K i c  value 

C .  
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SPECIMEN 68N-EA 

I n s t a b i  1 1  t y  

I 
I 

FRILUEE TYFE A 
E curve  < I3. 15mm exclusion 1 ine 

( Ins u f f i c i e n t  f o r an a 1 ys i 5: 1 

.18  . 2 0  . 3 8  . 4 8  . 5 8  

S p e c i m e n  L o a d l i n e  Def l e c t i , o n  (mml  

TEST SPEC I PlEt4 DATH 
M a t e r  i a1 Type = HSST SIR Weld 
T e s t  Tempcrat u r e  = -138 c 
P e r c e n t  S i d e  Grooue = @ ; !  
Specimen T h i c k n e s s  B = 25.4 mm 
I n i t i a l  a/W = .GO5 
I n i t  c r a c k  l e n g t h  a = 38.73 mm 
F l o w  s t r e s s  = 824.5 MFa 
Y i e l d  s t r c - s s  = 817 MPa 
YolJngs NlCtdU 1 US E = 212380 MPa <Est imat,ed V a l u e )  
J-INTEGRHL ANALYSIS 
F a i l u r e  Type A ( J  a t  i n s t a b i l i t y  = J i c )  
J i c  = 12.9 kJ/m*2 
K j c = < E J i c > * . S  = 52.3 MFa \ / m  v=. 3 
K i c .  ( B e t a  C o r r e c t e d )  = 51.4 MFa \ / m  v=. 3 
ASTM E399-8 1 dt4ALYS I S 
P l o d i f i e d  K i c  E q u a t i o n ;  B = ( E B n > * . 5  
Maximum Load P = 22 kN 
52 Secant O f f s e t  Fq  = 22.83 k N  
K i  c = 53.6 ElFa \ / m  
V a l  i d i  t y = VALID K i c  v a l u e  
DHTA CORRECT I O N S  USED FOR J- INTEGRAL DHTA 
Plerk 1 e -Car t  en c c l r rec  t i o n  
C o r r e c t  i on f o r  spec i men r o t  at i on 
C o r r e c t i o n  t o  J f o r  c r a c k  e x t e n s i o n  
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I I I 

SPECIMEN 6EIW-EC 

/ 
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I I I I 

3 .5 1 .0  1 . 5  2 . B  2.5 

C r a c k  E x t e n s i o n  (mm) 

TEST SPEC:IMEt.I DHTA 
M a t e r  i a1 Type = A533-E HS 

P e r c e n t  S i d e  Groove = 20 2 
Specimen T h i c k n e s s  = 25.4 mm 
I n i t  c r a c k  l e n g t h  = 31.01 mm 
F i n a l  c r a c k  l e n g t h  = 34.91 m m  
F l o w  s t r e s s  = 650.2 MPa 
Youngs modulus = 205800 I-lPa 

T e s t  Tempera tu re  = 25 C 

I n i t  a/W = .61  
F i  n a l  a/'L*I = . 687 
( E s t  i mat.ed V a l  ue> 

POIJER LAW DRTA J = C ( D e l t a  a> * 14 
J i c  = 228.1 kJ/mA2 

J (CdJ/T=8.8) = 932.4 kJ/mA2 

C o e f f i c i e n t  C = 484.9 kJ/m*2 
T ( a v e r a g e )  = 153 
LEHST SG!UARE LINEAR LINE (ASTI-1) J = M (De1 t a  a> + E 
J i  c = 218.7 kJ/mA2 
E j  c = 208.3 MPa \/m 
s1 ope M = 389715.3 kJ/mA3 
I n t e r c e p t  B = 160.5 kJ/mA2 
T ( A S T M )  = 151 
V a l i d i t y  ( J i c )  = VALID 
Val i d i  t y  (R -cu rve )  = VALID 
J maxi rnurii a1 1 owed = 642.S kJ/mA2 (Jmax=Bnet+Flow s t r e s s / 2 8 >  
D e l t a  a max. a1 loi t led = 1.98 mm ( D e l t a  a max = 0. l * b o >  
F i n a l  D e l t a  a = 4.83 mrn 
P o i s s o n ' s  R a t i o  ( v )  = 8 

Kjc = 216.7 MPa \*'to 

Exponent  N = .6764 
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Cleavage 
In s t 3 b 1 1 1 t y 

FRILUEE TYPE R 
E curve  < 8. 15mm e x c l u s i a n  1 i ne 

( I n s u f f i c i e n t  f o r  a n a l y s i s )  

. 2 8 . 3 8  . C 8  . B 8  1.08 

Specimen L o a c l l  i n e  DBf l e c t i o t i  I m r i i )  

(Estimated V a l i u ~ . )  

V=.  3 
v=. 3 
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SPEC I MEN 66 1.1- J B 

64 
CI 

z 
v 

4 8  
0 
-I 

c 
aI 
E 32 .- 
0 
W 
Q 
Lo 

1 6 -  

0 

I - 
/’ 

FRILILIEE TYFE.R 
/’ 

E c u r v e  < D .  15riirit ~ X C ~ L J S  i o n  1 i tie 
( I n s u f  f i c i e n f  f o r   ani^ 1 ys i s )  // 

/ 
1 I ,‘ 
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60 

4 8  

A 

z 
A 
v 

a 36 
Id 
0 
-I 
!E 
Q) 

E 2 4  .- 
0 
W 
a 

Ln 

12 

8 .  a. 

I I I I 

SPECIMEN 68 L-I-LA 

- - 

- - 

- - 

FRILURE TYPE A 
- E curve < D .  15mm e x c l u s i o n  1 i n e  - 

(Insufficient f o r  analysis) 

1- I I I I 

00 .25 .50 .?5 1.80 1 .25  

TEST SPECIMEN DATA 
M a t  e r  i a1 Type = HSST S/A H e l d  
Tes t  Temperature = -50 c 
Ferc  e n t  S i  de Groove = @ Z  
Specimen Th ickness  B = 25.4 mm 
I n i t i a l  a/W = .611 
I n i t  c r a c k  l e n g t h  a = 31.04 mm 
F low s t r e s s  = 789 MPa 
Y i e l d  stress = 691 MPa 
Yourlqs modulus E = 210000 MPa 
J- It4fEGRAL ANALYSIS 
F a i  l u r e  Type A <J at 
J i  c 
K j c = < E J i  c ) A .  5 
K i c  ( E e t a  C o r r e c t e d )  

i n s t a b i l i t y  = J i c )  
= 185.8 kJ/m*2 
= 149.1 MPa \/m 
= 183.3 MFa \ / m  

v=. 3 
v=. 3 

ASTM E399-81 ANALYSIS 
M o d i f i e d  K i c  Equa t ion ;  E = ( E E n ) * . 5  
Maxi m u m  Load P = 51.8 kN 
52  Secant O f f s e t  Pq = 32.61 k N  
K i  c = 81.3 MPa W m  
V a l  i d i  t y  = INVALID--1, 2, 3 
DHTH C O R R E C T I O N S  USED FOF: J - I  NTEGRAL DHTA 
Mer-k 1 e -Cor ten  OFFSET LOAD= 8 1 b OFFSET DEFLECTION = 2.68699548854E-64 i ti. 
Spec i meti r o t  at  i on Load i n t e r c e p t  e l a s t i c  s l o p e  = 2.67857142857E-87 l h  
F i t t e d  e l a s t i c  l o a d  range=3400 T O  500 C o r r e c t i o n  t o  J f o r  c r a c k  e x t e t i s i o n  
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SPEC1 MEN GE( GI-LD 

CJ 3 J L 

a 

8 

S p e c  imet-1 Load1 i r - 1 8  D e f  lect i o n  ( m m )  

- c1 e avage 
I t i s t a b l  1 t ty 

//!\ I I 

,.v / / ’  I 

X‘ 
FRILURE TYPE R 

.” ..+’ 
- Y ~ 

.,/ I 

f? c u r v e  < 8. 15mm exclusian 1 i ne /J 

/* C I n s u f  f i c i e n t  f o r an a 1 ys i s  1 
,Y 
1 

I I I 

J- I HTEGRHL 
F a i l u r e  Type A (J at i n s t a b i l i t y  = J i c >  

Ht4HL‘i’S I S 
( E s t  i mated Value)  

v=. 3 
v=. 3 
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/ 1 

TEST SPEC:IMEt4 DATA 
M a t e r i  a1 Type 
T e s t  Teriiperature 
P e v c e n t  S i  de Grooue 
S 1:' E' c i rii E. rs T 1-1 i c k r i  e 5.5. 

I n i  t c r a c k  l e n g t h  
F i rial c rat: k 1 erigt h 
F 1 ow 5 . t  re5.s. 
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1 

C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEN DHTH 
M a t  e r i  a1 Type 
T e s t  Tempera tu re  
P e r c e n t  S i  de Groove 
Specimen T h i c k n e s s  
I n i t  c r a c k  l e n g t h  
F i n a l  c r a c k  l e n g t h  
F l o w  s t r e s s  
Youngs mcll~u 1 us 

A533-E HS 
25 C 
28 2 
25.4 mm 
38.85 mm 
34.89 mm 
658.2 MPa 
205888 MFa 

I n i t  a/W = . G O 7  
F i n a l  all4 = .636 

( E s t i m a t e d  Value.)  
POL-JER LHW DHTA J = C ( D e l t a  a) A N 
J i  c = 217 kJ/m*2 
K j c  = 211.3 MPa \ / m  
J C@J/T=8.8> = 981.6 kJ/mA2 
Exponent  N = .6942 
C o e f f i c i e n t  C = 479.2 kJ/mA2 
T (average. )  = 156 
LEHST SG!UHRE LINEHR LINE (HSTM) J = M ( D e l t a  a.) + E 
J i c  = 178.1 kJ/m*2 
Kjc = 191.4 MFa \ / a  
s1 ope I1 = 336883.2 kJ/mA3 
I n t e r c e p t  E = 131.9 kJ/mA2 
T (ASTM.) = 164 
V a l i d i t y  ( J i c . )  = VALID 
V a l i d i t y  (R -cu rve )  = VALID 
J maxi mum a1 1 owed = 648.1 kJ/m*2 (Jmax=Enet*F low s t r e s . s / 2 8 >  
D e l t a  a max. a l l o w e d  = 2 mm ( D e l t a  a max = 8.1*bo)  
F ina l  D e l t a  a = 3.99 mm 
P o i s s o n ' s  R a t i o  (u) = 0 
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SPECIMEN 63 W-lQ5 

MER L RSTM AfdALYSIS HPPLICAELE r /  

1 I I I  I 

. 5  1.8 1 . 5  2. El 2.5 0 
0.8 

C r a c k  E x t e n s i n n  (mm) 

TEST SPECIMEN DATA 
M a t  et- i a1 Type = A533E Weld . .  
T e s t  Tempera tu re  = 288 c 
P e r c e n t  S i d e  Groove = 28 2 
Spec  i met-1 T h  i c k n e s s  = 25. 4 mrli 
I n i t  c r a c k  l e n g t h  = 3 8 . 7 8 rii m 
F i n a l  c r a c k  lengt,h = 42.56 riirii 

F 1 o w  s t  re5.s = 784.5 PlPa 
Yourigs m o d u  1 US = 19QgQO P1Pa ( E s t  i wat ed Val UB > 
POldER LAW IIHTA J = C ( D e l t a  a) ,' N 
Ji c = 188.3 kJ/m*2 
K j c  = 143.7 MPa \ /rn 
J (@J/T=8.8)  = 212. 1 kJ/rii*2 

C o e f  f i c i e n  t C = 191.5 kJ/hin2 
Expo n e ti t N = .3873 

T (average)  = 31 
LEAST SC.!l-lARE LIt4EAR LIt.IE CASTI.1) J = I.1 ( D e l t a  a) + B 
J i c  = 112. 1 kJ/rii*Z 
K j c  = 146.2 MF'a \ / rn  
s 1 ope M = 88107 kJ/r11*3 
I n t e r c e p t  13 = 185.7 kJ/ri1*2 
T (HSTI.1) = 31 
V a l i d i t y  (Jic) = V A L I D  
V a l  i d i  t y  (R-curue)  = VALID 

D e l t a  a max. a1 l o w e d  = 2 mm ( D e l t a  a Max = 8.l+tlCl> 
J ri iaxi riiurii a1 1 owed = 704. 5 k J/rii*Z (Jrfiax=Bnet+F 1 CII.,.I 5.t rcg.~.,.'28 1 
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0 0  I I I I 

1 SPECIMEN 69W 186 

6 4  

CI z 
2i 
Y 

'o 48  

3 
a 

c 

32 
c 

0 
0) 
Q 
m 

16 

la 

- CI eavage  

- 

~ 

F R I L U E E  TYFE R - R c u r v e  < B .  15rilm e x c l u z i o n  l i n e  
(Insufficient f o r  analysis) 

I I I 

6.00 .20 . 4 0  . 6 0  . B O  1.08 

S p e c i m e n  Load1 i n e  I3rf l e c t i o n  ( m m )  

A533-E HSST WELD 
10 c 
20 % 
25.4 a m  
.61 
30.98 mm 
759.8 MPa 
723.9 MPP 
206600 MPa ( E s t  i 111 ~t E J V a  1 u c  ) 
e 

TEST SPECIMEN D A T A  
Ma te r  i a1 Type P 

Tes t  Temperature P 

P e r c e n t  S i d e  Groove = 
Specimen T h i c k n c s s  E = 
I n i t i a l  a/W 
I n i t  c r a c k  l e n g t h  a = 
F l o w  s t r e s s  5 

Y i e l d  stress E 

Youngs modulus E = 
Poisson 's  R a t i o  (u) = 

F a i l u r e  Type. H ( J  at i n s t a b i l i t y  = J i c )  

- 

J-IItTEGRHL HIlALYSIS 

J i c  = 60.2 kJ/111"2 

K i c  (Beta C o r r e c t e d )  = 86.1 HPa \ / in  u = . 3  
K j c = ( E J i c / ( l - ~ ~ 2 ) ) ~ . S  = 111.6 NPa \ / h i  u=.3 

ASTll E399-5:I AttHLYSIS 
Mod iC iad  K i c  Equa t ion ;  E = < B B n ) ^ . 5  
Maximum Load P = 38.9 k t l  
5% S e c a n t  O f f c e t  P q  = 26.77 k H  
K i c  = 74.2 IlPa \/m 

K dt  Maximurn Load = 107.8 MPa \/m 
DHTH CC~EPECTIOtlS USED FOR J-IIITEGF:HL'DATA 
I l e r l :  le-Ccnr-tan OFFSET LnRD= 8 I t ,  OFFSET IIEFLECTICIII '= 1.0?375'?73;17E-63 in. 
Specimen r o i r t i o n  Load i n t e r c e p t  e l a s t i c  slnlse. = .0000032 I t ,  
F i t t e d  e l . i s . t i c  load  r a n g e =  2500  TO 20OU C o r r e c t i o n  t o  J f o r  c r a c k  e x t e t ~ s i o n  

V a l i d i t y  = I I 4 V H L I D - - 2 ,  3 
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@:El .5 1.8 1 . 5  

TEST SPECIMEtJ DATA - Materi a1 T y p e  - 
Te5t  T e m p e r a t  u r c  - 
P e r c e n t  S i d e  G r o o v e  = 
Spec i mer1 Tti i c k  tic5.s - 
I n  i t. crack 1 e n g t  t i  - 
F i n a l  crack lcri j t t - t  = 
F 1 ow st res.5 - 
Y CI 1-4 n 9 s 10 d u 1 u s - 

- 
- 
- 
- 
- 

C r a c k  E x t . s n s i  cln ( m m j  

fi533E l - l e l d  
288 c 
20 
25. 4 riirn 
28.  23 mrii  

4 1 . E: 1 mrn 
704 .5  PlPa 
190808 PlPa 

I n i  t 
F i  ria 

( E s t  

.- 2 . 5  

POWER LAId DATA J = C (Delta a> 14 
J i c  = 1 1 0 . 5  kJ/m"2 
K j c  = 1 4 5 . 2  P1Pa \,'ro 
J (CdJ/T=8.8) = 1 4 9 . 9  kJ/rtlA2 
Expo ti en t N = .3597 
C o e f  f i c i ent  C = 187 .3  kJ /mA2 
T (aueraae)  = 29 
LEAST SQfifiRE LIt4EHR L I N E  (FISTPI> J = 11 ( D e l t a  a) + E 
J i c  = 106 .6  kJ/mA2 
K j c  = 142 .6  PlPa \/M 
s 1 ope M = 86534.9  kJ/rli*3 
I n t e r c e p t  B = 100.1 k J/t11*2 
T (AST1.1) = 33 
V a l i d i t y  ( J i c )  = V A L I D  
v a l i d i t y  ( R - c u r v e )  = It4VALID--3 ( 1 . 6 6  v s  . 3 3 )  
J niax i mum a 1 1 owed = 715.2 k J / m ~ 2  (Jmax=Btiet+Flow s t r e s s / 2 8 >  
Delta  a max. a1 lowed = 2 . 2 6  mm (Delta a rnax = 0 . l + b o >  
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SPECIMEN 631.4- l 2 B  

-1 e a v a g e  - //? I n s t a b i  1 i t y  

/ I - 

I 
I - 

FRILUEE TYPE R 
R cu rve  < 8. 15mm e x c l u s i o n  line - 

( I n s u f f i c i e n t  f o r  analysis) 

I I I I 

. 2 5  . 5 8  . ?5  1.88 1.25 
0 
G1.88 

TEST SPECIMEN D A T A  
M a t e r  i a1 Type = HSST S/A Weld 

P e r c e n t  S i d e  Groove = a %  
Specimen T h i c k n e s s  B = 25.4 mm 
I n i t i a l  a/W = .6 
I n i t  c r a c k  l e n g t h  a = 38.48 mm 
Flow s t r e s s  = 739.4 MPa 
Y i e l d  s t r e s s  = 783.3 MPa 
Youngs modul ;AS E = 284380 MPa ( E s t i m a t e d  V a l u e )  
J-INTEGRHL AtdALYSIS 
F a i l u r e  Type H (J  at  i n s t a b i l i t y  = J i c )  
J i c  = 8 6 . 5  kJ/m*2 
K j c = ( E J i c ) * . S  = 133 MPa \ / m  v=. 3 
K i c  ( B e t a  C o r r e c t e d >  = 98.3 PlFa \ / m  u=. 3 
A S T H  E399-81 AtdHLYS I S 
P l o d i f i e d  K i c  E q u a t i o n ;  B = ( B E n ) * . 5  
Maxi  m u m  Load F = 4S.5 kN 
5% Secant  O f f s e t  Fq  = 34.67 k N  
K i c  = 82.7 MFSa \ / m  
V a l  i d i  t y = INVALID--1, 2, 3 
D A T A  CORRECT I [INS USED FOR J- I NTEGRHL DHTA 

Tes t  Tempera tu re  = 58 C 

Mer-k 1 e - C o r t e n  OFFSET LOAD= 8 1 L OFFSET DEFLECTION = 2.3816S29801 GE-05 i n .  
Spec i men r o t  at i on Load i n t e r c e p t  e l a s t i c  s l o p e  =-2.85714285714E-87 1 b 
F i t t e d  e l a s t i c  l o a d  ranye=3408  TO 580 C o r r e c t i o n  t o  J f o r  c r a c k  e x t e n s i o n  
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0.; f /  I I I I  I 

0.8 . 5  1 . 0  1 . 5  2.8 2 . 5  

LEHST SC!<lHF.IE LIt4EfiF: L I N E  !fiSTH) J = Pl (DE'lt,a a! + - B 
J i c  = 1 2 3 . 7  kJ/rll*2 
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I I I 

SPECIMEN 6314-137 

, 
IR cu rve ’  > 1 . 5  mm) I 

I 
- 

x 
MEA & flSTt.1 APRLYSIS  APPLICABLE 

1 

I 
1: I 

I I I I  I 

I 
I 
I *  
I* 

* * I  
* 

* 

.5 1 .0  1 . 5  2.0 2.5 
61 
61.8 

C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEN D A T A  
Ma te r  i a1 Type 
T e s. t T e 111 p e r  at  u r e 
Percen t  S i  de Groove 
Spec i men T h i  c I: ness  
I n i t  c r a c k  l e n g t h  
F i n a l  c rack  l e n g t h  
F low s t r e s s  
Youngs modu 1 US 

= A533-E HSST WELD 
= 50 c 
= 0 : !  
= 2 5 . 4  m m  
= 30 .24  m m  
= 34 .14  m m  
= 7 3 9 . 5  MPa 
= 204400 MPa 

I n i t  a/W = . 595  
F i n a l  aiW = . 672  

(Es t  i mated V a l  ue)  
POLJER LAbl D A T A  J = C (Delta a) * N 
Ji c = 6 9 . 2  kJ/mA2 
K j c  = 119 MPa \ / m  
J (@J/T=E:. 8) = 496 .1  k J/m*2 
Expo ne n t N = . 4272  
C o e f f i c i e n t  C = 137 .9  kJ/mA2 

LEHST SC!ClHRE LINEAR LINE (ASTM) J = M ( D e l t a  a) + B 
J i c  = . 2  kJ/m*2 
E j c  = 6 . 8  MPa \ / m  
S1 ope M = 124470.1 k J/m*3 
I n t e r c e p t  E = . 2  kJ/m*2 
T (ASTt.1) = 47 
V a l i d i t y  ( J i c )  = INVALID--b, c ( 1 . 1 1  US . 5 8 )  
V a l i d i t y  (R-curve)  = INVALID--l,2, 3 (1.11 u s  . 3 )  
J rilaxi mum a1 1 owed = 7 5 9 . 7  k J/m*2 (Jmax=Enet WF1 ow s t  ress.120) 
D e l t a  a max. a l l o w e d  = 2.86  mm ( D e l t a  a max = 8. l + b o )  
F i n a l  D e l t a  a = 5.82 mm 
Po isson ’s  R a t i o  (u) = 0 

T (average)  = 25 
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TEST SPEC: I MEt.4 DHTH 
Mat et- i a1 Type 
T e s t  Temperat.ure 
P e r c e n t  S i  de Ct-ooue 
Spec imen Th ickness  
I n i t  c r a c k  l e n g t h  
F ina l  c t - a r k  leng?.h 

Yc~ungs m o d u  1 us 

J i  i 

F 1 0 C, t. r e  5 . 5  

POldER LAW DHTA J = 
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I I I 

SPECIMEN 69 W148 

I 

I 

8 
0.0 .5 1.8 1.5 2.8 2.5 

C r a c k  Extens i on ( m m l  

TEST SPEC:IPlEtJ DRTA 
Plater i a1 Type = HSST S/A LJELD 

Percent  5;icje Gt-cacg\*e = 20 2 
S p e c i fit e n T h i c k n e 5 . 5  

I n i t  c r a c k  l e n g t h  = 3 1  . 85 riiril 
F i n a l  crack l e n g t h  = 4 1 . 8 6  rilrii 

T e s t  T e m p e r a t u r e  = 2 0 4  c 

= 2 5 . 4 rii ril 

F low s t r e s s  = 647.8 rwa 
'I' o 1-1 t-i g 5. rii CI d ca 1 11 s = 1 9 5 5 0 0  PlFs 
POL-IEF: LA14 DATA J = C <DE. 1 t a a> * t4 
J i  c = 1 4 2 . 6  kJ/'riiA2 
K j c  = 167 P1Pa \ / m  
J {@J/T=E.S: )  = 2 9 8 . 5  k J/mAZ 

Coef f ' i  c i ent  C = 2 4 9  kJ/rlr*Z 
E x p ti E. ti t 14 - - .4873 

T ( a v e r a g e >  = 4 3  

I n  i t a.4 = . 6 1 1 
F i n a l  ai'LJ = . 8 2 4  
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I I I 

SPECIMEt4 6914- 157 

/ ----- 
f 

1 
FAILURd TYPE C 

i : R  c u r v e / >  1.5 r i i r i )  

14EA L flSTt.1 Htd3LYSIS AP'PLICABLE 

I 
I I I t  I 1 
.5 1.61 1.5 2. 8 2.5 8 

El. 8 

C r a c k  E x t a n s  i c ~ t i  ( m m )  
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35 

28 

2 1  

1 4  

7 

SPECIMEN 691.4- 159 

-1 e a v  
I n s  t ab 

FRILURE TYPE R 
E curve < 0. 15mm exclusian 

(Insufficient f o r  analys 

. -  dg e 
1 1 1 t y  

1 ine 
i s )  

4 I I I I 

is. 88 . 1 2  . 2 4  .36 . 4 8  . E 8  

S p e c i m e n  Load1 i n e  D e f l e c t i o n  (mm) 

TEST SPEC I MEN D A T A  
Ma te r  i a1 Type = HSST S/FI Weld . .  
Tes t  Temperature = -35 C 
Pe rcen t  S i  de Groove = o : :  
Specirilen Thickrsess E = 25.4 me 
I n i t i a l  a/W = . 589  
I n i t  c r a c k  l e n g t h  a = 29.9 mm 
F low  s t r e s s  = 803.8 MPa 
Y i e l d  s t re5.s  = 773.5 MPa 
YCaLJtiQS fiodul u5 E = 289188 MPa 
J-ItdYEGRAL At4HLYSIS 
F a i l u r e  Type A < J  at i n s t a b i l i t y  = J i c )  . .  

J i  c = 21.3 kJ/m*2 
K j c = < E J i c > ^ . 5  = 66.7 MPa \ / m  
K i c  ( E e t a  C o r r e c t e d >  = 63.6 MPa \ /n i  
HCJT1.1 E399-81 ANALYSIS 
l l o d i t f i e d  E i c  Equat ion ;  E = ( E B n > ^ . 5  
Max i ilium Load P = 28.66 ktJ 
5% Secant O f f s e t  Pq = 28.66 k N  
K i  c = 65.4 P1Pa \ / f i t  

( E s t i m a t e d  Va lue )  

v=. 3 
v=. 3 

V a l  i d i  t y  = VALID K i c  v a l u e  

Spec i men r o t  at i on Load i n t e r c e p t  e l a s t i c  s l o p e  = 1.8181818181SE-07 l b  
F i t t e d  e l a s t i c  l o a d  range=3400 TO 580 C o r r e c t i o n  t o  J f o r  c r a c k  ex te t - i s ion  



274 

I I 

8 0  

6 4  
CI 

5 

3 

v 

-u 4 8  
-m 

t 

3z 
c 

0 
0) 
Q 
ul 

16 

8 . 8 6  .30 . E O  . % O  1 . 2 0  1.513 

SPECIMEN 69W-166 

C1 e a v a y e  

FRILIARE TYFE R 
R c u r v e  < 0. 15mm e x c l u r i a n  1 i n e  

(Insufficient f o r  a n a l y s i s )  

f 

TEST SPECIMEN D A T A  
N a t e r i a l  Type = 
Tes t  Temperature ii 

P e r c e n t  S i d e  Groove = 
Specimen Th ickness  E 
I n i t i a l  a/W 
I n i t  c rac ' k  l e n g t h  a 
Flow s t r e s s  = 
Y i e l d  s t r e s s  = 
Younas modul us E =  

- 

A533-E HSST WELD 
10 c 
0 %  
25.4 mm 
.594 
30.19 a m  
739.5 MPa 
723.9 NFa 
206680 MFa (E  I t i mat E J V a  1 CIB ) 

Poisson's. R a t i o  ( v )  = 0 
J- I N T  E GR AL AN A L Y  S I S 
F a i l u r e  Type A ( J  a t  i n s t a b i l i t y  = J i c )  
J i c  = 62. 3 kJ/t11*.2 
K j c = < E J i c / ( l - u ^ 2 ) ) ^ . 5  = 113.5 MPa \ / m  v=. 3 
Kic < B e t a  C o r r e c t e d )  = 91.3 MPa \ / m  U'. 3 
ASTM €399-81 ANHLYSIS 
Mcmdified 1:ic Equat i .on;  B = <BBn)^.5 
Maxi mua Load P = 45.6 k N  
5% Secant O f f s e t  Pq = 25.35 k t l  
K i c  = 59.1 MPa \ / m  

K at Maxifiturn Load = 106.3 l l P a  \ / i n  

D A T A  COFFECTIOt4S USED FOE J-INTEGRAL D A T A  
M s r k l c - C o r t f n  OFFSET LOHD= 0 1b OFFSET DEFLECTI?tf = 5.5589911 1 l ' ? < E - C I <  i n .  
Spec i m4n r o t  a t  i o n  Load i n t e r c e p t  e l a s t i c  s l o p e  = Z.OZ;Z72;272;E-Ob l b  
F i t t e d  e l a s t i c  l o a d  range= 2500 T O  2000  C o r r e c t i o n  L O  J f a r  c r i c l :  e:;t,e,rsion 

Val  i d i  t y  = ItJVALID--3 
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I 1 I t  I 

. 5  1.0  1 . 5  2.8 2.5 
0 
8.8 

TEST SPEC I PlEt4 D A T A  
M a t e r  i a1 Type 
Tes t  Tempera ture  
F e r c e n t  S i d e  Groove 
Specimen T h i c k n e s s  
I n i t  c r a c k  l e n g t h  - 
F i n a l  c r a c k  l e n g t h  
F l o w  s t r e s s  
Youngs madu 1. us 

C r a c k  E x t . e n s i  o n  (mm) 

- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

POWER LAW D A T A  J = C <De l  t a a> A I 4  
J i c  = 193 kJ/m*2 
Kjc = 196.6 MPa \/ in 
J CCdJ/T=8.8> = 537.9 kJ/mA2 
Exponent  t4 = .4634 
Cuef f i c i en?. C = 323.7 k J/fiiA2 
T Caverage) = 98 

HSST S/A W'eld (1) 
121 c 
20 2 
25.4 mrn 
27.51 m m  
37. 57 nirn 
549.8 NPa 
2883138 MPa 

I n i t  a/W = .541 
F i n a l  a/W = .739 

<Est imat .ed V a l u e >  

LEAST SClLIARE LIt4EHR LINE (A!STM> J = 1.1 ( D e l t a  a> + J 
J i c  = 117.4 kJ/.mA2 
K j c  = 194 riPa  VI^ 
s 1 ope M = 151318.3 kJ*'mA3 
I n t e r c e p t  B = 162 kJ/m*2 
T < A S T M >  = 108 

V a l i d i t y  ( R - c u r u e >  = IHVALID--8 C.37 us .34)  
J maxi muril a1 1 owed - 430.2  kJ/rn*2 (Jmax=Bnet*F low s . t r e s s / 2 0 >  
D e l t a  a max. a1 l owed  = 2.33 rnm ( D e l t a  a rnax = B . l + b o >  

V a l i d i t y  ( J i c )  = VALID 

- ccn  
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SPEC1 HEN 7861- 1 1 1 

FR LURE TYPE R 
R ci-c r v e  < D , 1 5 riirri e x c: 1 LJ s i Q t-i 1 i ti e 

~ I n s i J f f i  c i et-it. f o r  at - la lys i s )  / 
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a v 
a b 

/‘ 

FRILLIRE TYPE R 
E curve < 0. 15mm exclusian 

(Insufficient f o r  a n a l y s  

s” 
P /b’ 

ag e 
1 1 1 t y 

1 i n e  
is j 

TEST SPEC I MEN DflTH. 
Mat et - i  a 1  Type = HSST S/A Weld 
T e s t  Teriiper*at u r e  = -25  c 
P e r c  e n t  S i  de Groove = a : :  
Speci r i len T h i c k n e s s  B = 25.4 mm 
I n i  t i a1 a/W = .548 
I n i t  c r a c k  l e n g t h  a = 27.86 mm 
F 1 O W  s t  t-655 = 638 PlPa 
Y i e l d  st,ress = 578 MPa 
Yocrngs rnodu 1 us. E = 288688 MPa 

F a i l u r e  Type H ( J  a?. i n s t a b i l i t y  = J i c )  
J-INTEGRHL HNHLYSIS 

J i c  
K .j c = i E J i c ? *’. 5 
K i c ( B e t  a Currec t ed ? 
A:STt.l E393-:31 HNHLYSIS 
N o d i  f i e d  K i c  E q u a t i o n ;  
M a x i  ri iur i i  Load P 

K i  c 
Val i d i  t y  

5;: S e c a n t  O f f s e t  Pq 

= 82.6 kJ/mh2 
= 131.3 MPa \ / m  
= 87.9 MPa \ / m  

F = (EEn)*.S - - r 40.75 c, kt4 

= 34.97 k N  
= 69 MPa v m  
= INVALID--1, 2, 

( E s t i m a t e d  V a l u e >  

V‘. 3 
v=. 3 

3 
DHTH CCkRECT I ONS USED FOR J- I NTECRAL DATA 
tlerk 1 e-Cor t  en c o r r e c t  i on 
C o r r a c  t i on f o r  spec4 men r o t  at i on 
C o r r e c t i o n  t o  J f o r  c r a c k  e x t e n s i o n  
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7 5  1 I I 1 

SPEC1 MEN 7OL.1- 1 13 

68 - C 1 e avag 8 - 
--%s-tat~l 1 1  t y  

4 5  - PIH - 

I - 
I 

FRILLIRE Ti'FE R 
E curve < 8. 15mm exc;lusian 1 i n e  - 

. .  

4 -7 .> B - 

/" 
/ 

(Insufficient f o r  analysis) 
, 

15 - 

/' 

f 
#' 

I I I I 8 

.- 
0 
W 
P 
m 

1.013 

Specimen Load1 i n e  D a f  l e c t i o n  ( m m 5  

instat l i  1 i t y  = J i c >  
= 155.5 kJ/mln2 
= 117 MPa \ / m  v = .  3 
- - 83. 1 k1Pa \ / r l i  v= .  3 
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SPECIMEN 7014- 1 15 

4 8 0  
n 
N < 
e 
\ 2 360 
W 

r) 

0 

.E 2 4 0  * 
U 
0 

.C 

z 
1 2 0  

I 

I 
I I I J  I 

0.0 . 5  1 .0  1 . 5  2 . 8  - ,  2 . 5  

TEST SPECIMEN D A T A  
M a t e r  i a1 Type 
l e s t  Tempera tu re  
P e r c e n t  S i  de Groove 
Spec i men T h i c k n e s s  
I n i t  c r a c k  l e n g t h  
F i n a l  c r a c k  l e n g t h  
Flow stress  
Young5 mudul us 

J i c  
POL-JER LAW D A T A  J = 

C r a c k  E x t e n s i o n  (mm) 

= A533-B. HSST WELD 
= 30 C 
= 20  2 
= 25.4 mm 
= 28.22 rnm 
= 39.79 mm 
= 599.8 MPa 
= 285500 MPa 

C . ( D e l t a  a) * t.4 
= 166.6  kJ/m*2 

I n i t  a/W = .S55 
F i n a l  a44 = .7S3 

( E s t  i mated V a l  ue) 

K j c  = 185 MPa \ / m  
J (@J/T=8.8)  = 442.5 kJ/mA2 
Ex p on e t> t N = .4144 
C o e f  f i c i e n t  C = 277.7 kJ/mA2 
T ( a v e r a g e )  = 68 
L E A S T  SQl-lHRE LINEHI? L I N E  (ASTPl) J = 11 { D e l t a  a) + 
J i c  = 163 kJ/mA2 
E j c  = 183 MPa \ / m  
S 1 o p e  M = 123868. 6 k J,'mA3 
I t i t  e r c  ept  B = 146.2 kJ /mA2 
T (ASTI.1) = 71  
V a l i d i t y  ( J i c )  = VALID 
Va l  i d i t y (R-c u r v e  } = I NVHL I D--2 
J m ax i 111 11 fii a 1 1 u I.I e d = 689 k J/rnh2 (Jrnax=Enet +F 1 olri 5.t ress./20 1 
Del t a a fii.aX. ' a1 1 owed = 2.26 min ( D e l t a  a ~ I I ~ X  = 0. l+bc i> 
F i n a l  D e l t a  a = 11.34 mm 
P o i s s o n ' s  R a t i o  (VI = 0 
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I I I I 

SPECIFlEII 7 0 W -  1 19 

TYPE R 

I 
i or1 1 i 11 E: 

( I n s u f f i c i e n t  f u r  ar ia1yr : is )  

8. O i j  .2O .10 . C O  .BO 1 . DbII 

Spacirrten Loacll i n e  D r C ' l e ~ . t i o ~ i  (riami 
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4 0  

32 
A 

Z 
A 

-a 24  ro 
0 
-I 

W 

S 

16 .- 
0 
01 
Q 
ul 

a 

SPEC1 MEN 7861- 125 

FRILURE TYPE R 
R curve < E1.15mm exclusian line 

(Insufficient f o r  a n a l y s i s )  

I I I I I 0 

S p e c i m e n  Load l i ne  D e f l e c t i o n  (mm) 

TEST SPECIMEN DATA 
M a t e r  i a1 Type = HSST S I R  b le ld  
T e s t  Tempera ture  = -95 c 
P e r c e n t  S i d e  Groove = B y  
Specimen T h i c k n e s s  B = 2 5 . 4  mrn 
I n i t i a l  a/W = . 5 4  
I n i t  c r a c k  l e n g t h  a = 27.41  rnm 
F l o w  s t r e s s  = 708 MPa 
Y i e l d  s t r e s s  = 644 MPa 
Youngs modul us E = 212600 MPa ( E s t i m a t e d  V a l u e )  
J- INTEGRAL ANAL'S I S  
F a i l u r e  Typo A ( J  at  i n s t a b i l i t y  .= J i c )  
J i  c = 1 6 . 7  kJ/mA2 
K j c = ( E J i c ) 5 = 59.6 MPa \/m v=. 3 
K i c  -<Beta C o r r e c t e d )  = 5 6 . 2  MPa k / m  v=. 3 
ASTM E399-81 ANALYSIS 
M o d i f i e d  K i c  E q u a t i o n :  B = (BBn)*.S 
Maxi m u m  Load P = 3 0 . 8  k N  
52 Secant  O f f s e t  Pq = 3 0 . 8 2  k N  
K i  c = 59 MPa v m ,  
V a l i d i t y  = INVALID--1, f 
DATA CORRECT I Ot4S USED FOR J- INTEGRAL D A T A  
Merl.: 1 e -Cor t  en OFFSET LOAD= 0 1 b OFFSET DEFLECT I ON = 1 .1987  18746:35E-84 i n.  
Specimen r o t a t i o n  Load  i n t e r c e p t  e l  ast i c s1 ope =-7.56897568976E-88 1 t t  

F i t t e d  e l a s t i c  l o a d  range=3400 TO 500 C o r r e c t i o n  t o  J f o r ' c r a c k  extercs. ion 
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I I 1 1 
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12 

a !  

FRILUEE TYPE R - 
R curve C B .  15mm e x c l u s i o n  1 i n e  

C I n  s u f f  i c i e t i t  f o r an a 1 ys i s 1 

IL I I I m -  B .  138 . 0 c  . 1 2  . 1 8  .24 . 3 8  

S p e c i m e n  Load1 i n e  Def 1 e c t . i o n .  irnrn! 

TEST SPEC: I MEt4 DHTA 
Plat e r  i a1 Type = HSST S/A ldel d { I )  
T e s t  Tefi>pet%atut%e = -125 C 
Per-c e n t  S i  de  Grooue = @ %  
Specimen Thickr ie.ss E = 25.4 mm 
I n i t i a l  a/W - - . 55  
I n i t  c r a c k  l e n g t h  a = 27.94 NIP 
F 1 0 0 . ~  s t  res.5. = 748.8 MPa 
Y i e l d  s t r e 5 5  = 6 8 2 . 5  MFa 
Youngs modu 1 us- E = 214488 MPa 

F a i l u r e  Type A .CJ at  i n s t a b i l i t y  = J i c )  
J i c  = 6. 3 kJ/n1*'2 
K j c = ( E J i c  )*..!5 = 36.8 MFa '\/m 
E i c .  <Bet.a C o r r e c t e d >  = 36.4 MPa '.*/rfi 

M o d i f i e d  K i c  E q u a t i o n ;  E: = <EBn>^.5 
Maxi  fiiurii Load P = 18.82 k N  
5:: Secant  O f f s e t  P q  = 18.82 k N  
K i  c = 32.3 HPa \ / r i i  

J- It4TEGRAL HtJHLYSIS - 

ASTM E399-31 RElALj 'SI S 

( E s t i m a t e d  Value)  
CEst i roa ted  V a l u e )  
C E s t  i mat e d  Va 1 u e  > 

v=.  3 
u=. 3 

V a l  i d i  t y  = VALID K i c  v a l i ~ e  
D A T H  COF:E'ECT I ijtlS USED FOR J- I tlTEGRAL D A T A  
I.1 t -. r ,k  - 1 e -Cor t  erl  c o v r e c  t i on 
Cor-r-ec t. i o n  f o r  sl:lec i men r o t  a t  i o n  
C o r r e c t i o n  t o  J f o r  c r a c k  e x t e n s i o n  
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SPECIME1.I 7814-130 
1  

. s  1.8  1 . 5  2 . 8 2.5 
0 
0.8 

C r a c k  E x t e n s i  D n  ( m m j  

TEST SPECIMEN DATA 
M a t e r  i a1 Type = H533B Weld 
T e s t  Temperat  u r e  = 288 C 
P e r c e n t  S i d e  Groove = 28 X 
Spec  i rnen T h  i c k ness = Tmc L J . 4 rii rn 
I n i t  c r a c k  l e n g t h  = 28.7 rnm Ini t ,  a/W = .566 
F i n a l  c r a c k  l e n g t h  = 39.79 riirn F ina l  ' a/ld = . 783 
F l o w  s t r e s s  = 542.6 1.1Pa 
Yourigs mc~dit l  its = 198808 1.1Pa ( E s t  i miat ed Va 1 ue  :I 

K j c  = 142.7 1.1Pa \ / r i i  
J (@J/T=8.8) = 287.8 kJ/riiA2 

C o e f f i c i e n t ,  C = 177.9 kJ/mA2 
E x p o ti en t N = .3696 

T (ave rage)  = 46 . 
LEAST SrJClAEE LIHEHE LIEIE (ASTM> J = 1.1 ( D e l t a  a? + B 
J i c  = 102.6 kJ/m*2 

K j c  = 139.9 PlPa \ / f i i  

S1 ope ' I1 = 747r38.9 kJ/rnA3 
I n t e r c e p t  E = 95.6 kJ/m*2 
T (ASTM) = 48 

V a l i d i t y  (R-curue> = It4VALID--3 ( . 3 7  us . 3 3 >  
J maximum a1 l o w e d  = 558.9 k J/mA2 (Jri iax=Bnet*Fl O M  st,ress./Z8> 
D e l t a  a max. a l l o w e d  = 2.21 mrn < D e l t a  a rnax = O . l * t l C I >  

V a l i d i t y  ( J i c )  = VALID 
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I I I 

SPECIMEN 7014-131 

I 

I 

8 
61.8 . 5  1.8  1 . 5  2.0 2.5 

C r a c k  E x t o r t s  i o n  (mm) 

TEST SPEC:IrnEH DHTA 
Hater  i a1 Type 
Tes t  TE.wipeVat ure  
P e r c e n t  S i  de Gruoue 
Spec i liiE t i  T h  i c k ness  
I n i t  c r a c k  l e n g t h  
F i n a l  c r a c k  1 e n g t h  
F 1 o w  5 t  res.5. 
Younos modu 1 us 

= HSST S I R  Weld (I) 
= 204 C 
= 20 2 
= 25.4 mril 
= 28.28 mrn 
= 39.8 mrn 
= 535.3 MPa 
= 195500 MPa 

POWEE LAW DHTA J = c ( D e i t a  4) N 
J i  c = 135.4 kJ/mA2 

I n i t  a.’W = , 5 5 6  
F i n a l  a/W = .783 

(Es t  i mat ed V a l  ue) 

Kjc = 162.7 MPs V m  
J <@J/T=€:. 8 )  = 412 kJ/m*\2 
Exponent  N = .457 
Coef f i c i e n t  C = 242.7 kJ/mA2 
T (auerage) = 78 
LEHST SBUARE LINEHF: LINE (ASTM) J = M ( D e l t a  a) + - B 
J i i  = 123.9 kJ/mA2 

155.6 MPa \*’in 
124574.7 k J/mA3 
109.5 .k J/mA2 
85 
VAL I D  
INVALID- - l ,  3 58 .US 33)  
543.5 k J/mA2 (Jmax=Bnet *F 1 ow s t  re.r .s /20 1 
2.. 25 mm (Delta a max = 0 . l + b o )  
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SPEC1flEl.I 78W-133 

FRILUEE TYPE R 
R c u r v e  < CI. 15mm exc lu ; ian  1 inc .  

( I n s u f f i c i e n t  f o r  a n a l y s i s )  

. 2 8  . 4 0  .6O . B O  1 .  U8 

S p e c i m e n  L o a d l i n e  D e f l e c t i o n  ( m m )  

TEST SPECIMEN D A T A  
Plat,erial Type = A533-E HSST WELD 

Percent  S i d e  Groour  = 0 Z 
Specimcn Th ickness  E = 25.4 mal 
I n i t i a l  .a/W = .55 
I n i t  c rack  l e n g t h  a = 27.91 mrn 
F l o w  s t r e s s  = 655.3 MPa 
Y i e l d  s t r e s s  = 572.3 MFa 
Yocrngs  mc~dulus E = 210100 I lFa ( E s t i m a t e d  Va lue)  
Po isson 's  R a t i o  (u) = 0 

Test  Temperature = -50 c 

.I-IHTEGEHL AtdALYSIS 
F a i l u r e  Type A (J at i n s t a b i l i t y  = J i c )  . .  
J i c  = 47.6 k J / i v 2  
K j r = ( E J i c / ( l - u n = ) ) n . 5  = 100.1 MFa \ / m  . u=.3 
K i c  (Eeta C o r r e c t e d )  = 76.7 MFa \ / rn  , u=.3 
ASTI1  E393-81 AttALYSIS 
N o d i f i e d  K i c  E q u s t i o n ;  E = (EBn)^.5 
Maxi mum Load P = 49.5 k t l  
5% Secant Of fse t  Pq = 27.66 k t l  
K i c = 53.8 MFa \ / m  

. V a l i d i t y  = INVALID--3 
K at MaXinNrO Load = 98.1 MFa \ / m  
D A T A  COREECTIOI IS  USED FOR J-It.ITEGRAL D A T A  
M e r k l e - C o r t e n  OFFSET LOAD= 0 l b  OFFSET DEFLECTIOH = 1.04616173?41E-03 in. 
Specimen r o t a t i o n  Load i n t e r c e p t  e l a s t i c  s l o p e  =-.@600030825 I b  
F i t t e d  e l a s t i c  l o a d  range= 2500 10 2080 C o r r e c t i o n  t o  J f o r  c r a c k  ~ \ : t s n s i o n  
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SPECIMEN 7814- 137 

32 - - 
h 

Z 
A 

-cJ 24 
W 

- - 

- 
0 
W 
n 

rn FRILILIEE TYPE R 
P, c u r v e  < D ,  15mm e x c l u s i o n  1 i n e  - 

( Ins u f f i c i e t i t  f CI r an a 1 ys i s 1 

I I I 

0. E10 . 1 0  . 2 0  . 3 8  .40 .5c1 

S p s c i m e n  L o a d l i n e  D e f l e c t i o n  ( m m )  

TEST SFEC:IMEN D A T A  
Mater  i a1 Type 
Tes t  Temperature 
Perc e n t  S i  de Groove 
Spec i men T h  i c k n e s s  B 
I n i t i a l  a/W 
I n i t  c r a c k  l e n g t h  a 
Flow s t r e s s  
Y i e l d  s t r e s s  

J-INTEGRAL ANALYSIS 
F a i  1 u r e  Type A ( J  at 
J i  c 
K j c = ( E J i c ) ^ . S  
K i c  ( B e t a  C o r r e c t e d )  

Youngs modulus E 

= HSST S / A  N e l d  
= -75 c 
= @ Z  
= 2 5 .  4 m m  
=. .548 
= 27.86 .mm 
= 683.5 MPa 
= 621 MPa 
= 211580 MPa ( E s t i m a t e d  V a l  ue)  

i n s t a b i l i t y  = J i c )  
= 22.5 kJ/m*2 
= 69.1 MPa \ / m  u=. 3 
= 62.5 MPa \ / m  v=. 3 

RSTM E349-81 R N A L Y S I  S 
M o d i f i e d  K i c  Equat ion ;  B = (EEn>^.5 
Maximum Load P = 35 kN 
52 Secant O f f s e t  P q  = 35 k N  
K i  c = 69.1 MPa \/rn 
V a l  i d i  t y  = INVALID--1, 2 
D A T A  CORRECTIONS USED FOR J-INTEGRAL D A T A  
Merk le -Cor ten  c o r r e c t i o n  
C o r r e c t i o n  f o r  specimen r o t a t i o n  
C o r r e c t i o n  t o  J f o r  c r a c k  e x t e n s i o n  
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- 
Instab111 t y  

. - 
I 
I - 

FAILURE TYPE R 
R curve  < 0 . 1 5 m  exclusion line - 

(Insufficient f o r  analysis) 
f 

/* 1 I I I 

6 0  

48 
n 
Z 
Y 

D 36 
m 
0 
J 

W 

t 

2 4  
.C 

0 
0 
P 

Ln 

li! 

I I I 1 

SPECINEN 78W-136 

. 1 5  . 3 0  rn 4 5  . 6 0  . 7 5  
0 
0 . 0 0  

S p e c i m e n  Load l i ne  D e f l e c t i o n  (mml 

TEST SPECIMEN DATA 
H a t e r  i a1 Type = HSST S A 3  Weld 
T e s t  Tempera tu re  
P e r c e n t  S i d e  Groove 
Spec i men T h i c k n e s s  B 
I n i t i a l  a 4  
I n i t  c r a c k  l e n g t h  a 
F l o w  s t r e s s  
Y i e l d  s t r e s s  
Youngs modulus E 
J-INTEGRAL ANALYSIS 
F a i  l u r e  Type A (J at 
J i  c 
K j c = < E J i c ) ^ . S  
K i c  ( B e t a  C o r r e c t e d )  

= -50 C 
= 0 z  
= 25.4 mm 
= .551 
= 27.99 rnm 
= 655.5 MPa 
= 59.4 MPa 
= 210000 MPa < E s t  i mated V a l  we) 

i n s t a b i l i t y  = J i c )  
= 49.8 kJ/m^2 
= 102.3 MPa v m  V'. 3 
= 79 MPa \/rn V'. 3 

ASTM E399-81 ANALYSIS 
M o d i f i e d  K i c  E q u a t i b n ;  B = <BBn)^.5 
Maximum Load P = 49.2 kN 
5% Secant  O f f s e t  Pq = 36.45 k N  
K i  c = 72.6 MPa V r n  
V a l i d i t y  = INVALID--1, 2, 3 
D A T A  CORRECTIONS USED FOR J-INTEGRAL DATA 
M e r k l e - C o r t e n  OFFSET LOAD= 0 l b  OFFSET DEFLECTION = 1.11268570869E-84 in. 
Spec i men r o t  at i on Load i n t e r c e p t  e l a s t i c  s l o p e  =-3.38045238095E-07 1b 
F i t t e d  e l a s t i c  l o a d  range=3400 TO 500 C o r r e c t i o n  t o  J for c r a c k  e x t e n s i o n  



290 

400 

320 
n 
tv < 
E 
\ 

A c, e 4 0  
W 

r, 

7 s  

.E 1 6 8  
cc 
-0 
0 

.C 

r 
80  

8 
E 

I I I I 

SPECIMEN 7014-142 

0 . . 5  1.0 1.5 2.0 2.5 

C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEN D A T A  
Ma te r  i a1 Type 
Tes t  Temperature 
P e r c e n t  S ide  Groove 
Spec i men T h i c k ness  
I n i t  c r a c k  l e n g t h  
F i n a l  c r a c k  l e n g t h  
F low s t r e s s  
Youngs modulus 

= A533B Weld 
= 288 c 
= 28 2 
= 2 5 . 4 m m 
= 27.94 mrn 
= 39. 84 m m  
= 542.6 MPa 
= 196S0c3 MPa 

I n i t  a/L4 = . 5 5  
F i n a l  a/W = .784 

( E s t i m a t e d  V a l  ite) 
POWER LAW D A T A  J = c ( D e l t a  a) A N 
J i  c = 91.5 kJ/m^2 
K j  c = 132.1 MPa \ / m  
J (@J/T=8.8) = 249 kJ/rnA2 

C o e f f i c i e n t  C = 165.2 kJ/mA2 
T (averaae)  = 48.  

Exponent N = . 4 18.2 

a 

LEAST SQUARE LINEAE LINE (ASTI I )  J = Pl ( D e l t a  a) + E 
J i c  = 166.7 kJ/m^2 
K j c  
S1 ope I1 
I n t e r c e p t  B 
T ( A S T M )  
V a l i d i t y  ( J i c )  
V a l i d i t y  (R-curve) 
J maximurn a1 lowed 
D e l t a  a max. a l l o w e d  

142.7 MFSa \ / m  
60966.1 k J/mA3 
160.7 kJ/mA2 
46 
VAL I D  
114VHLID--l, 3 <.72 vs  . 3 4 )  
558.9 k J/m^2 (Jmax=Enet +F1 O W  S t  resr . /20  
2.29 mm ( D e l t a  a N I ~ X  = 8.1+.b0) 
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SPECIMEN 7814- 145 
I 

I I I I 1  I 

. 5  1.0 1 . 5  2.8 2 . 5  

C r a c k  E x t a n s  i o n  (mrrt) 

TEST SPEC: I MEN DHTH 
M a t  e r  i a1 Type 
Tes t  Tempera tu re  
P e r c e n t  S i d e  Groove 
Spec i men T t i i  c k n e s s  
I n i t  c r a c k  l e n g t h  
F i n a l  c r a c k  l e n g t h  
F low s t r e s s  
Youngs modulus 

HSST S/A Weld (I) 
284 c 
20 Y 
25.4 mm 
28.87 mm 
39.62 mm 
935.3 MPa 
195580 MPa 

I n i t  a/W = .552 
F i nal a 4  = . 779 
( E s t  i mat ed V a l  ue) 

J i c  = 126 kJ/mA2 
K j c  = 157 MPa \ / m  
J <@J/T=8.8) = 418.9 kJ/mA2 
Exponent  N = . 4747  
C o e f f  i c i e n t  C = 236.1 kJ/mA2 
T ( a v e r a g e )  = 88 
LEAST SQUHRE LINEAR LINE <ASTM> J = M <De l  t a  a) + 2 
J i c  = 124.1 kJ/mA2 
K j c  = 155.7 MPa \ / m  
s1 ope M = 118205.8 k J/mA3 
I n t e r c e p t  B = 110.4 kJ/mA2 
T (ASTM) = 81  
V a l i d i t y  ( J i c )  = VALID 
V a l i d i t y  ( I ? -cu rve )  = VALID 
J maximuril a1 1 owed = 543.5 kJ/mA2 (Jmax=Bnet*F low stress, '20> 
D e l t a  a Max. a1 lowed  = 2.27 mm ( D e l t a  a max = O. l *bo)  
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SPECIMEN 7 114- 1 10  

I 

< R  curvJ l  z 1.5 mm) 

MEA Px RSTM A t A L Y S I S  APPLICABLE 
I 

I 
I 

I 
I I 

I 

I 
I 

. 5  1 . 0  1 . 5  2. 0 2.5 

C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEN DATA 
M a t e r  i a1 Type = A533B HSST I-Jeld 
T e s t  Tempera tu re  = 288 C 
P e r c e n t  S i d e  Groove = 20 2 
Specimen T h i c k n e s s  = 25.4 mm 
I n i t  c r a c k  l e ' n g t h  = 28. 17 rnm 
F i n a l  c r a c k  l e n g t h  = 40.27 mm 
F l o w  s t r e s s  = 532.6 MPa 
YOUt3QS. modul US = 190800 PlFa 

I n i t  a/W = . 554  
F i n a l  ' a/W = .742 

( E s t  i mated V a l  ue>  
POWE6 LAW D A T A  J = C ( D e l t a  a) A N 
J i c  = 63.7 k J'/mA2 
K j c  = 110.3 rwa \ / rn  
J C@J/T=8.8) = 169 kJ/mA2 
Exponent  N = .3606 
C o e f f  i c  i e n t  C = 111.4 kJ/mA2 
T ( a v e r a g e )  = 31  
LEAST SQUARE LINEHE LINE ( A S T M )  J = M (De l  t a  a) + P 
J i  c = 56.4 kJ/m*2 
K j c  = 183.7 MPa \ / m  
S1 ope M = 53607.5 k J/mA3 
I n t e r c e p t  B = 53.6 kJ/mA2 
T (ASTH)  = 36 
V a l i d i t y  ( J i c )  = VALID 
V a l  i d i t y  (R -cu rve )  = VALID 
J maximum a1 lowed  = 546.8 kJ/mA2 (Jmax=Bnet*F low s t r e s s / 2 0 )  
D e l t a  a max. a l l o w e d  = 2.26 mm ( D e l t a  a max = O. l *bo>  
Final D e l t a  a = 11.81 mm 
P o i s s o n ' s  R a t i o  <u) = 0 
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SPECIMEN 7164-1 12 

Instabl 1 1  t y  

I 
I 
I 

FRILUEE TYPE R 
R CU r v e  < El , 15mm e x  c 1 us i o n  1 i t i  e 

(Insufficient f o r  analysis) 

I 

.28 . 4 8  . 6 8  . e a  1.08 
8' 8.08 

TEST SPEC1 HEN DATA 
Mat s r i  a1 Type 
Tes t  Tefiiparat u r s  
P e r c  en t  S i  de Groove 
Spec i riteti Thickness  E 
I n i t i a l  a/W 
I n i t  c r a c k  1engt.h a 
F l o w  s t r e s s  
Y i e l d  s t r e s s  

J- I  NTEGRHL AHALYSIS 
F a i  1 u r e  Type H {J at 
J i c  
K j c = ( E J i c > ^ . S  
E i  c ( B e t a  C o r r e c t e d )  

Youngs nodu 1 us E 

= HSST S/H I . leld (1 )  
= o  c 

= 25 .4  nirn 
= , 548  
= 27. 83 nirn 
= 615.5 MPa 
= 558  MPa 
= 26172861 MPa { E s t i m a t e d  Va lue )  

i n s t a b i l i t y  = J i c )  
= 91.8 k J/m*'%2 
= 138 MPa \*'ftI v=. 3 
= 84 MPa \ / r o  u=.? 

HSTM E394-11 At-IHLYSIS 
M o d i f i e d  K i c  Equa t ion ;  B = (BBn>^.5 
Maxi fiiUfll Load P = 53.58 kN 
52 Secant O f f s e t  Pq = 31.86 kN 
K i  c = 61.2 MPa \ / ~ I I  

V a l i d i t y  = INVALID--1, 2, 3 
DHTH CORFECT I ONS USED FOR J- INTEGRAL D A T A  
t lerk  1 e-Cort  en  c o r r e c t  i on 
Cor rec  t i on f o r  spec i men r o t  at i on 
C o r r e c t i o n  t o  J f o r  c r a c k  e x t e n s i o n  
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0 
W 

Spec i m e n  L o a c l l  i ne D e f l e c t i u n  ( m m j  

J- I t4TEGKHL 
F a i l u r e  Type'A iJ at  i n s t a b i l i t y  = J i c )  

HEIHLYS I S - 

Maxi mum Load P = 57.32 k t I  
5 2  Secant O f f s e t  Pq = 35.11 kt4 
K i c = 68.6 MFa \ / m  
Val i d i  t y  = It4VALID--1, 2, 3 
DHTF! COF'F:ECT IONS USEIS FOR J- I tJTEGRHL IIATA 
I.1c.r.l:: 1 e-C,:,rt et1 c ort-.~',: t i ot-~ 
Cor-rec t i can for spec i men t w t  a t  i on 
C o r r e c t i o n  t o  J f o r  c r a c k  e x t e n s i o n  
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C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEN D A T A  
M a t e r  i a1 Type = A533B 02 P l a t e  
T e s t  Tempera ture  = 288 C 
P e r c e n t  S i d e  Grooue = 20 Z 
Specimen T h i c k n e s s  = 25.4 mm 
I n i t  c r a c k  l e n g t h  = 28  mm I n i t  a/W = .551 
F i n a l  c r a c k  l e n g t h  = 28.85 mm F i n a l  a/W = .5C8 
F low s t r e s s  = 532.6 MPa 
Youngs modulus = 190800 MPa < E s t  i mated V a l  ue )  
POWER LAW DATA J = C ( D e l t a  a) N 
J i c  = 88.2 kJ/mA2 
K j c  = 123.7 Mra \ / m  
J (@J /T=8 .8 )  = 0 kJ/mA2 
Exponent  N = ,2377 
Coef  f i c i e n t  C = 114 kJ/mA2 

LERST SQURRE LItIERF: LINE (ASTM> J = M ( D e l t a  a) + P 
J i c  = 5 1.8 k J/mA2 
K j c  = 99.4 MPa \ / m  
S1 ope M = 113429.9 kJ/mA3 
I n t e r c  ep t B = 46.3 kJ/mA2 
T ( A S T M >  = 76 

V a l i d i t y  ( R - c u r v e I  = INVALID--2, 3 C.33 us . 1 2 >  
J maximum a1 1 owed = 548.8 k J/mA2 (Jmax=Gnet*F l  ow st ressf2C1> 
D e l t a  a max. a1 l owed  = 2 .28  mm ( D e l t a  a rnax = 0.1*bo> 
F i n a l  D e l t a  a = . 51  mm 
P o i s s o n ' s  R a t i o  (u> = 0 

T C a w r a g e >  = 21 

V a l i d i t y  ( J i c )  = INVALID--b,  c C.33 US .12>  
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C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEN DRTA 
Hat e r  i a1 Type 
T e 5. t T e m p B r at u r e 
P e r c e n t  S i  de Groove 
Spec  i men T h i c k n e s s  
I n i t  c r a c k  l e r ~ g t h  
F i n a l  c r a c k  l e n g t h  

Young5 Niiadul 1 ~ 5  

PCllllER LHW DRTR J = 
J i i  

' F l o w  s t r e s s  

= HSST S/R Weld ( 1 )  
= 204 C 
= 26 :: 
= 25.4 mrn 
= 28.58 rfim I n i t  a/W = . 5 6 2  
= 41.26 rfirii F i n a l  ail4 = . 81 2 
= 527 MPa 
= 195500 PlPa < E s t  i mat eJ V a l  UB 1 

c ( D e l t a  a) * t4 
= 45. 3 kJ/ritA2 

K j i  = 13€.  5 MPa \/rn 
J <@J/T=8 .8 )  * 374.3 kJ/m*2 
Exponen t  N = .5426 
C o e f f  i c i e n t  C = 205.4 k J/m*2 
T < a v e r a g e )  = 82 
LEAST SOllFlRE LINEAR LINE (HSTt l )  J = M ( D e l t a  a) + B 
J i c  = 95.7 kJ/m*2 
K j c  = 136.8 MPa \ / rn  
S i  ope M = 114956 kJ/m'.3 
I n t e r c e p t  B = 55.2 k J/m*2 
T (ASTM) = 8 1  

V a l i d i t y  (R-curue)  = INVALID--1, 3 C.51 us .33) 
J maxi  muff1 a1 1 owed = 535 k J/m*2 (Jmax=Bnet *F 1 olri s t  r e s s / 2 0  1 
D q l  t a  a max. a1 lowed  = 2.22 mrn 

V a l i d i t y  ( J i c )  = VALID 

( D e l t a  a rnax = 6 . lwbo)  
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C r a c k  E x t a n s  i D n  (mm) 

TEST SPECIMEN D A T A  
M a t e r i  a1 Type = HSST S/A Weld (1) 
T e 5. t T e m 1:' E' r a t u r e = 121 c 
P e r c e n t  S i d e  Groove = 20 2 
Specimen T h i c k n e s s  = 25.4 mm 
I n i t  c r a c k  l e n g t h  = 27.81 mm 
F i n a l  c r a c k  l e n g t h  = 39.14 mm 
F l o w  5tre5.5 = 545.5 MPa 
Youngs modu 1 1-4s = 288380 MPa 
POL*IER LAW D A T A  J = ' C  ( D e l t a  a) A N 
J i c  = 109.4 kJ/mA2 
K j c  = 148 MPa \ / m  
J (@J/T=8.8)  = 383 kJ/mA2 
Exponent  N = .5253 
C o e f  f i c i en t C = 225.3 k J/mA2 
T ( a v e r a g e )  = 83 

I n i t  a/W = .547 
F i n a l  aJW = . 7 f  

( E s t  i mat ed  V a l  uc > 

LEAST SOUHEE LItJEAR LINE (ASTM) J = M ( D e l t a  a) + E 
J i c  = 115 kJ/m*2 
Kjc = 151.8 MPa \ / m  
s1 ope M = 121637.2 kJ/mA3 
I t i t  e r c  ep t B = 102.2 kJ/mA2 
T (HSTPl) = 82 
V a l i d i t y  ( J i c )  = VALID 
V a l  i d i  t y  (R-curve)  = iNVALID- - l  
J maximum a1 lowed = 553.8 k J/mA2 (Jmax=Bnet *F1 ow st r e s s / 2 0  j 
D e l t a  a Max. a l l o w e d  = 2.3 m m  ( D e l t a  a max = 0.1*bo) 
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I I 1 1 

SPECIMEN 7 1 H- 1x1 

0 . 5  1.0 1.5 2.8 2.5 

C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEN D A T A  
Mat, e r  i a1 Type 
T e s t  T e m p e r a t u r e  
P e r c e n t  S i d e  Groove 
S p e c  i m e n  T h i  c k n e s s  
I n i t  c r a c k  l e n g t h  
F i n a l  c r a c k  l e n g t h  
F l o w  s t r e s s  
Youngs modu 1 us 

= A533-B HSST WELD. 
= 50 C 
= 28  2 
= 25. 4 nirn 
= 28.21 mm I n i t  a/W = . 5 5 5  
= 38.74 mm F i n a l  a 4  = .762 
= 569.5 MPa 
= 284488 MFa ( E s t  i mat.ed V a l  ue) 

POWER LAW D A T A  J = C ( D e l t a  a) A t4 
J i  c = 148.7 kJ/mA2 
K j c  = 174.3 MFa \ / m  
J C@J/T=8.8) = 478.2 kJ/mA2 

C o e f f i c i e n t  C = 278.3 k J/rnA2 
T ( a u e r a q e )  = 88 

Expo n e n t N = .4463 

LEAST SOCIARE LINEAR LINE (ASTM) J = 1.1 ( D e l t a  a) + E 
J i  c = 145.7 kJ/mA2 
K j c  = 172.5 MPa \ / m  
s1 Qpe M = 141857.5 kJ/mA3 
I n t e r c e p t  B = 127.6 kJ/rnA2 
T (AST1.1) = 89 
V a l i d i t y  ( J i c )  = VALID 
V a l  i d i t y  (R -cu rue )  = INVALID--2 
J maximum a1 l o w e d  = 578.2 kJ/mA2 (Jmax=Enet*F low s t r e s s . / 2 8 )  
D e l t a  a max. a l l o w e d  = 2.26 mm ( D e l t a  a m a x  = 0. l*t lo> 
F i n a l '  D e l t a  a = 10.38 mm 
P o i s s o n ' s  R a t i o  <u) = 0 
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4 0  I I I I 

3 ‘2 

E 4  

16 

a 

SPEC1 HEN 7 1 14- 13 1 

- :\ C1 e avage 
I n s t a b l  1 1  t y  

I 
I 
I 

- 

- 
I 

FRILLIRE TYPE A 
- E curve < D. 15mm exclusion 1 irse 

(Insufficient f o r  analysis) 

[;1 I/‘ I I I I 

@. 88 . li3 .20 .30 .48 .58 

S p s c  i m e n  Load1 i ria Daf l e c t i  o n  (rnmj 

TEST SPECIMEt4 D A T A  
H a t e r  i a1 Type 
Tes t  T E‘ rti p e v a t  u r e 
Percent  S i  de Groove 
S p e c  i men T h  i c k ness E 
Irli t i a1 a/W 
I n i t  c r a c k  l e n g t h  a 
F low s t r e s s  
Y i e l d  s t r e s s  
Youtlgs modul us E 

HSST S/H Meld  ( 1 )  
-58 C 
8:: 
25.4 m m  
.553 
28.09 mm 
649.2 MPa < E s t i m a t e d  Va lue>  
587 MPa ( E s t  ima ted  Value.) 
210188 HPa (Es t  i mated V a l  ue}  

J- I NTECRHL HNALYS I S 
F a i l u r e  Type H (J  at  i n s t a b i l i t y  = J i c )  
J i c  = 21.4 k J/m,’2 

K i c  (Beta C o r r e c t e d )  = 68.2 MPa \/m v=. 3 
K j c = < E J i c ) ^ . 5  = 67.1 MPa \ / m  v=. 3 

HSTM E399-81 ANHLYSIS 
M o d i f i e d  K i c  Equa t ion ;  B = (I;En)”.5 
Maxi m u m  Load P = 34.14 kN 
52 Secant O f f s e t  Pq = 33.66 kN 
K i c  = 67.5 MPa \/m 
V a l i d i t y  = INVALID--1, 2 
D A T A  CORRECT IONS USED F O R  J- I NTECRAL D A T A  
blerk l e - C o r t e n  c o r r e c t  i o n  
C o r r e c t  i on f o r  spec i men r o t  at  i on 
C o r r e c t  i o n  t o  J f o r  c r a c k  e x t e n s i o n  
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SPECIMEN 71W-138 

- \ C1 e a v a g e  
I n s t a b l  1 1  t y  

- 

FRILURE TYPE R - R curve < 0 .  15mm e x c l u s i a n  l i n e  

( I n s u f f i c i e n t  f o r  a n a l y s i s )  
/ 

/ 

32 
n 
Z 
Y 
W 

24  : 
0 
A 
C 

0 
0) 
n 

Ln 

a 

. 1 2  . 2 4  .36 . 4 8  .E l3  0 
8.88 

S p e c i m e n  L o a d l i n e  D e f l e c t i o n  (mml  

TEST SPEC I MEN D A T A  
Mater  i a1 Type = HSST S/A l Je ld  
Test  Temperat u r e  = -70 C 
Pe rcen t  S i  de Groove = 0 ; :  
Specimen Th ickness  B = 25.4 mm 
I n i t i a l  a/W = .548 
I n i t  c r a c k  l e n g t h  a = 27.84 mrfi 
F low s t r e s s  = 672.5 MPa 
Y i e l d  s t r e s s  = 609 MPa 
Youngs modul us E = 211100 HPa (Es t  i rnatcd V a l u e )  
J- I t4TEGRAL ANALYSIS 
F a i l u r e  Type A < J  at i n s t a b i l i t y  = J i c )  
J i c  = 22.2 kJ/m*2 
K j c = ( E J i c > * . S  = 68.6 MPa \ / m  u=. 3 
K i c  ( B e t a  C o r r e c t e d )  = 61.8 MPa \ / m  v=. 3 
ASTM E399-81 ANALYSIS 
M o d i f i e d  K i c  Equat ion ;  B = (BEn)*.5 
Maximum Load P = 34.9 k N  
52 Secant O f f s e t  Pq = 34.91 kN 
Ki c = 68.8 MPa \ / m  
V a l  i d i  t y  = INVALID--1, 2 
DATA C O R R E C T I O N S  USED FOR J-INTEGRAL D A T A  
Merk le -Cor ten  OFFSET LOAD= 8 l b  OFFSET DEFLECTION =-1.99267238415E-85 i n .  
Specimen r o t a t i o n  Load i n t e r c e p t  e l  a s t  i c s lope  =-1.82426829268E-07 1 tr 
F i t t e d ' e l a s t i c  l o a d  range=3400 TO 580 C o r r e c t i o n  t o  J f o r  c r a c k  e x t e n s i o n  
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I SPECINEN 7 1 bl- 139 

t .  C1 e avage 

FRILUEE TYPE A 
R c u r v e  < El. 1Smm e x c l u s i a n  1 i n e  

( I n s u f f i c i e n t  f o r  analysis) 

. 1 2  . 2 4  .36 . 4 8  . E O  

S p e c i m e n  L o a d l i n e  D r f  l e c t i o n .  (mm) 

TEST SPEC;INEN DHTH 
Mat,erial Type A533-E HSST WELD 
f a s t  Temperature 5 - 2 0  c 
Percent  S ide  Grooue = 0 Z 
Specimen Thickness B = 25.4 mm 
I n i t i a l  .a/W = .55 
I n i t  c rack  l e n g t h  a = 27.05 m m  
F1 ow s t r c s s  = 635 MPa 
Y i e l d  s t ress  = 577.8 NPa 
Youngs thcodulus E = 205900 MPa ( E s t i a a t e d  V a l u e )  
Po isson ’s  R a t i o  ( v )  = 0 
J - I NT E G R H L  At4ALY S I S 
F a i l u r e  Type fi (J at i n l t a b i l i t y  = J i c )  
J i c  = 2 5 . 9  kJ/m-2 

K i r  (Beta  C o r r e c t e d )  = 6 3 . 9  MFa \/tu v=.  3 
ASTN €399-81 AtIALYSIS 
M o d i f i e d  K i c  Equat ion ;  E = (EEn)^.5 
Maxi mum Load P = 3 7 . 8  kW 
5% Secant O f r s e t  Pq = 27.02 k N  
K i c  = 53.7 nPa \ / m  
V a l  i d i  t y  - INVALID--3 
K at naximurn Load = 75.1 HPa \ / m  
D A T A  CORRECTIONS USED FOR J-IltTECRAL n A T A  
M e r k l e - C o r t e n  OFFSET LOHD= 0 l b  OFFSET DEFLECTION = 6.7018514:?C:b5E-U5 in. 
Specimen r o t a t i o n  Load i n t e r c e p t  e l a s t i c  s lope  =-.0OOOO0325 it. 
F i t t e d  e l a s t i c  l o a d  range= 2500 TO 2000 C o r r e c t i o n  t o  J Cor c r + c k  f x t e n s i o n  

. .  

K j c = ( E J i c / ( l - u A 2 ) ) ~ . 5  = 7 3 . 6  MPa \ / m  u=. 3 
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SPECIMEI.4 7 114-145 

. 5  1.0 1 .5  2.8 2.5 
8 
61.0 

C r a c k  E x t e n s i D n  (mm) 

TEST SPECIMEN DATA 
M a t  e r  i a1 Type 
T e s t  Ternperat lure 
P e r c e n t  S i  de Groove 
Spec i rileti T h i c k n e s s  
I n i t  c r a c k  l e n g t h  
F i n a l  c r a c k  l e n g t h  
F l o w  s t r e s s  
Youngs rilodul us 

= HSST S/H l - l e ld  (I) 
= 284 C 
= 20 z 
= 25. 4 nirn 

I t i i  t a/l4 = cc = 27.49 rnm . J J 

= 41.12 m m  F i n a l  a/W = .SO9 
= 527 MPa 
= 195588 MF'a (Est i r i ia t .ed Val ere) 

POL4ER LAW D A T R  J = C (Del t.a a) t4 
J i c  = 92 k J/m*"2 
K j c  = 134.1 MPa \/rn 
J (CdJ/T=8.8> = 385.6 k J/mA2 

Coef  f i c i en t C = 183.7 k J / n i A Z  
T (ave rage)  = 66 

J i c  = 89 kJ/m*2 
K j c  = 131.9 MF'a \ / m  
s1 ope M = 98948.8 k J/riiA3 
I n t e r  c e p  t E = 80.6 kJ/mA2 
T (ASTM) = 70 
V a l i d i t y  ( J i c )  = V F t L I D  
V a l  i d i  t y  (R-curve)  = V.ALID 
J niaxi niuni a1 1 owed = 535 k J/mA2 < Jmax=Enet *F 1 oc~i 5 t r e s s / 2 8 >  
D e l t a  a max. allowed = 2.28 nirn ( D e l t a  a tilax = 0. l*bo> 

E xp cl n en t N = .4844 

LEHST SQLlARE L I N E H R  LIEIE ( R S T H )  J = I1 (Delta a) + B 
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500 

4 00 
n 
cu < 
E 
\ 2 300 
W 

r, 

'p 

2 200 
ce 
w 
0 

.C 

;r 
100 

0 
0 

I I I 1 

SPECIMEN 7 1W-150 

3 . 5  1.0 1.5 2.0 2 . 5  

C r a c k  E x t e n s i o n  (mm) 

TEST SPECIMEN DATA 
M a t e r  i a1 Type 
T e s t  Tempera ture  
P e r c e n t  S i  de Groove 
Specimen T h i c k n e s s  
I n i t  c r a c k  l e n g t h  
F i n a l  c r a c k  l e n g t h  
F l o w  s t r e s s  
Youngs modul.us 

= HSST S/A Weld (I) 
= 121 c 
= 28 2 
= 25.4 mm 
= 27.74 mm I n i t  a/W = .546 
= 39.75 mm F i n a l  a1.W = .782 
= 545.5 MPa 
= 200300 MPa ( E s t i m a t e d  V a l u e )  

POWER LAW D A T A  J = C ' < D ~ l t a  a> * N 
J i  c = 189.9 kJ/m*2 
K j c  = 155.5 MPa \ / m  K i c  ( B e t a )  = 92.7 MPa \/m 
J (@J/T=8.8)  = 365 kJ /mA2 
Exponent  N = .4972 
C o e f f i c i e n t  C = 217.6 kJ/mA2 
T (aueraga) = 76 
LEAST. SQUARE LINEAR LINE ( A S T M )  J = M ( D e l t a  a) + E 
J i  c = 187.4 kJ/mA2 
K j c  = 153.7 MPa \ / m  K i c  ( B e t a )  = 92.3 MPa \/m 
s1 ope M. = 116347.5 kJ/mA3 
I n t e r c e p t  B = 95.9 kJ/mA2 
T (ASTM) = 78 
V a l i d i t y  ( J i c )  = VALID 
V a l  i d i t y  (R-curve)  = INVALID--1 
J maxi mum a1 1 owed = 553. S k J/mA2 (Jmax=Enet*F l  ow s t r e s s / 2 8 >  
D e l t a  a max. allowed = 2 .31  mm ( D e l t a  a max = 0 .  lwbo) 
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I 

SPECIMEN 7 1 W- 15 1 

F f i I L U E E  TYFE R 
R curve < 0. 1 ; r m  e x c l u s i o n  1 i n e  

( Ins u f f i c i e n t  f o I' an a 1 ps i s 1 

/ .  
8 
0.00 

S p e c i m e n  L o d l  i n e  D e C l a c t i o n  (mm) 

TEST SFECIPIEtI DATA 
M a t e r i a l  Type A533-E HSST I4ELD 
Test Tesperatur-e = -30 c 
F e r c e n t  S i d e  Groove = 0 Z 
S p e c i f i t e n ' l h i c k n e s s  B = 25.4 mm 
I n i t i a l  a/l4 = .513 
I n i t  crac.k l e n g t h  a = 23.07 rom 
Flow s t r e z 5  = 635 MPa 
Y i e l d  s t r e s s  = 577.8 tlPa 
Youngs modulus E = 268900 MPa ( E s t i m a t e d  Va lue)  
Poisson 's  Ratio (u) , = 6 
J- 1 tlTEGEHL AtlALYSI S 
F a i l u c e  Type A ( J  a t  i n s t a b i l i t y  = J i s )  
J i c  = 25.3 kJ/m^2 
K j c = ( E J i ~ / < l - u ~ 2 ) ) ~ . 5  = 72.8 MPa \/ti, un.3 
K i c  (Beta C o r r e c t e d )  = 63.4 MPa \ /e  u=. 3 
ASTM E399-81 HtlfiLYSIS 
M o d l f i e d  K i c  Equat ron ;  B = ( tE i i ) ^ .5  
Max 1 muhl Load P = 36.8 kt4 
5% Secant O f f s e t  Pq = 30.77 kt4 
K i  c = 61.6 MFa \ / I n  
V a l i d i t y  = I I l V f i L I D - - l ,  2, 3 
K at Haximum Load - 73.7 MFa \ / m  
D A T A  C O R F E C T I O t l S  USED FOP J-INTEGRAL D A T A  
Merk Ie -Cor ten  OFFSET L O A D =  0 It OFFSET DEFLECTION = 7.8653749545;E-06 in. 
Spec i men r o t  a t  i o n  Load i n t e r c e p t  elastic S1Gl:Ie = .0000036125 I b  
F i t t e d  e l a s t i c  l o a d  r a n g e r  2500 T O  2600 C o r r e c t i o n  t o  J f o r  c r a c k  e x t e n s i o n  



Appendix F 

LOAD-DISPLACEMENT AND J AND PHOTOGRAPHS, 
SUPPLIED BY OAK RID AL LABORATORY, 

."  





- JIG (ASTM E8131 

lines. 
1. < 4 data points between 0.15 and 1.5 mm exclusion 

2. Data clustering problem. 

3. BN < 25 JQ/UY 

4 .  bo < 25 J Q ~ P  

5. dJ/da > b e l o w  

6. Delta-a prediction error too large, 
(delta-a.)pred-(delta-a)meas > 0.15 (delta-a)meas 

Tentative JI - R Curve Procedure 

1. < 3 data points between (delta-a)=O and secant line 
[J=4/3*uy*(delta-a)] 

2. < 10 data points between secant line and (delta-a)max 
LO. l*bo 3 

3. (delta-a) prediction error too large, 
t (delta-a)pred - (delta-a)meaa I > 
MINIMUM [0.15*(delta-a)meas,O.l5*(delta-a)max] 
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Page 
F- 309 
F-311 
F- 313 
F- 315 
F- 317 
F- 319 
F- 321 
F- 323 
F- 325 
F- 327 
F- 329 
F- 331 
F- 333 
F- 335 
F- 337 
F- 339 
F- 341 
F- 343 
F- 345 
F- 347 
F- 349 
F- 351 
F- 353 
F- 355 
F- 357 
F- 359 
F- 361 
F- 363 
F- 365 
F- 367 
F- 369 
F-371 
F- 373 
F- 375 
F-377 
F- 379 
F- 381 
F- 383 
F- 385 
F- 387 
F- 389 
F-391 
F- 393 
F- 395 
F- 397 
F- 399 
F-401 
F- 403 

Specimen ID 
02G282 
026285 
026288 
026298 
02G316 
02G328 
02G329 
02G338 
026340 
02G344 
026353 
026362 
026363 
026365 
0 2640 1 
026404 
026406 
026407 
02G414 
026421 
026422 
68WAD 
68WBB 
68WCE 
68WDA 
68WDC 
68WHC 
68WKB 
68WKC 
68WKE 
68WLC 
6 8WMB 
68WMD 
69W102 
69W113 
69W114 
69W116 
69W119 
69W121 
69W126 
69W142 
69W143 
69W144 
69W149 
69W153 
69W160 
69W165 
69W167 

Page 
F- 405 
F- 407 
F- 409 
F-411 
F-413 
F- 415 
F-417 
F-419 
F-421 
F- 423 
F- 425 
F-427 
F- 429 
F-431 
F- 433 
F- 435 
F- 437 
F- 439 
F-441 
F- 443 
F- 445 
F- 447 
F- 449 
F- 45 1 
F-453 
F- 455 
F-457 
F-459 
F-461 
F-463 
F- 465 
F-,467 

Specimen ID 
69W172 
69W173 
70W106 
70W107 
70W108 
70W110 
70W117 
70W118 
70W123 
70W124 
70W126 
70W136 
70W139 
70W140 
70W148 
71W101 
71W108 
71Wlll 
71W116 
71W119 
71W122 
71W123 
71W126 
71W133 
71W134 
71W140 
71W141 
71W142 
71W143 
71W144 
71W146 
71W147 
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26282 
A 5 3 3  

RE= 5 0  DEG C 
4 mm 
0 %  
LENGTH- 31.6 mm a/W)i= .618  
LE DELTA-A= .05  mm 
= 6 0 4  MPa 

672 MPa 
G'S MODULUS= 2 0 4  GPa 

ED AT K = 116.5 MPa SQRCml (NOT V A L I D  K I c )  

MUM LOAD VALUES A T  CLEAVAGE LOAD 

.7 k J /mA2 3- INTEGRAL= 9 0 . 3  k3/mA2 
-------- ....................... 
SQRCml KJc- 135.9 MPa SQRCml 
MPa SQRCmI K-beta-c- 9 2 . 2  MPa SQRCmI 
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100 

80 

6 0  

ORNL-DWG 87-7995 

- 
- 
- 
- - - 
- 

02G282 50  DEGREES C 
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SPECIMEN ID- 02GA285 
TEST TEMPERATURE- 121 DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES- 20 X 
I N I T I A L  CRACK LENGTH- 31.9 mm s/W) i= .626 
MEASURED DUCTILE DELTA-A- 3.54 mm 
YIELD STRENGTH- 573 MPa 
FLOW STRENGTH- 639 MPa 
ESTIMATED YOUNG'S MODULUS- 200 GPa 

SPECIMEN DID  NOT CLEAVE, J-MAX LOAD- 204 .1  kJ /mA2 
KJ-MAX LOAD- 202.2 MPa SQRtml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  156.7 kJ/mA2 J I c =  141.6 kJ /mA2 
K - J I c -  177.2 MPe SQRIml K - J I c -  168.4 MPa SQRIml 
POWER- .4336 SLOPE- 139549 kJ/mh3 
COEFFICIENT- 275.4 kJ/mA2 INTERCEPT- 126.2 kJ/m"2 
T (AVERAGE)- 6 1  T (ASTM)= 68 

---_--------------- ..................... 

VALID, E813 

J'I-R CURVE CALCULATIONS ....................... 
J (@J/T-8.8)-  376.5 kJ/m"2 
POWER- .4614 COEFFICIENT- 274  kJ/m"2 
3-MAX ALLOWED- 609.4  kJ /mA2 DELTA-A MAX ALLOWED- 1 .91  mm 
RCURUE INVALID, 1 3 
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- 
- 

MODIFIED ERNST J INTEGRAL - J ( 8 . 8 * T a v  3 e JIC(E-813) 
... "."_"_".."1....... OFFSET L I N  E S JIC(PWR L A W )  

A 
- 
- - e  BLUNTING .LINE +. ACTUAL DELTA-F - 

5 0  

4 0  

3 0  

2 0  

10 

0 1 1 1  1 1 1  1 1 1  1 1 1  I 1 1  

5 
- 
0 1 2 3 4 

DISPLRCEMENT ( m m )  

ORNL-DWG 87-7997 

02GA285 121 DEGREES C 

i 6 00 

4 00 

2 00 

B 

+ o  
0 

- 
0 1 2 3 4 5 

CRRCK EXTENSION ( m m )  
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SPECIMEN ID= 02GA288 
MATERIAL TYPE= A533B 
TEST TEMPERATURE= 79 DEG C 
THICKNESS= 2 5 . 4  mm 

;= 0 x 
:K LENGTH= 3 1 . 9  mm a/W)i= .624 
:TILE DELTA-A= . 12  mm 
;TH= 5 9 1  MPa 
-H= 657 MPs 
LING'S MODULUS- 203 GPa 

:AWED AT K = 111.3 MPa SQRfml (NOT VALID K I c )  

bXIMUM LOAD VALUES AT CLEAVAGE LOAD 

84.9 kJ/m"2 J-INTEGRAL= 84.7 kJ/m*2 
IPS SQRfml KJc= 1 3 1 . 1  MPa SQRfml 
l.6 MPa SQRfml K-bsta-c= 8 9 . 5  MPa SQRtml 

I---------- ....................... 
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02GH288 
OWL-DWG 87-7998 

79 DEGREES C 

v -  

0 . 2  . 4  . 6  . 8  

DISPLACEMENT ( m m )  

1 
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SPECIMEN ID= 02GA298 
TEST TEMPERATURE= 121 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES- 20 k 
INITIAL CRACK LENGTH= 31.8 mm a/W)i= .623 
MEASURED DUCTILE DELTA-A= 4.5 mm 
YIELD STRENGTH= 573 MPa 
FLOW STRENGTH= 639 MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 209.1 kJ/m"2 
KJ-MAX LOAD- 204.6 MPa SQRtmI 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

JIc- 159.6 kJ/m"2 JIc= 146.3 kJ/m"2 
K-JIc= 178.8 MPa SQRCml K-JIc= 171.2 MPa SQRtml 
POWER= .3918 SLOPE- 123731 kJ/m"3 
COEFFICIENT= 264.7 kJ/m"2 INTERCEPT= 132.2 kJ/mh2 
T (AVERAGE)= 54 T (ASTMI= 61 

-_----------------- ..................... 

VALID, E813 

31-R CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 337.8 kJ/m"2 
POWER= .4162 COEFFICIENT= 264.7 kJ/mh2 
3-MAX ALLOWED- 614.3 kJ/m"2 DELTA-A MAX ALLOWED= 1.92 mm 
RCURVE INVALID, 2 3 
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- - - A J (8 .8 *Tav  3 
.." ....- -...........-.- OFFSET L I N E S  

OWL-DUG 87-7999 

50 

4 0  
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SPECIMEN ID- 026316 
MATERIAL TYPE- A533 
TEST TEMPERATURE= 8 0  DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 0 96 
I N I T I A L  CRACK LENGTH= 31.6 mm a /W) i=  .619 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 590 MPa 
FLOW STRENGTH= 656 MPa 
ESTIMATED YOUNG’S MODULUS= 203 GPa 

SPECIMEN CLEAVED AT K = 96.9 MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

3-INTEGRAL= 50.2 kJ/m*2 J-INTEGRAL= 50 .1  kJ/m”2 
KJc= 100.9  MPa SQRCmI KJc- 100 .7  MPs SQRIml 
K-beta-c= 78.2 MPa SQRCml K-beta-c-  78.1 MPa SQRCmI 

...................... ....................... 
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SPECIMEN ID- 026328 
TEST TEMPERATURE- 288 DEG C 
THICKNESS- 2 5 . 4  mm 
SIDE GROOUES- 20 X 
I N I T I A L  CRACK LENGTH- 31 .2  mm a/W)i-  .613 
MEASURED DUCTILE DELTA-A- 4 .5  mm 
YIELD STRENGTH= 526 MPa 
FLOW STRENGTH= 613 MPa 
ESTIMATED YOUNG'S MODULUS- 191  GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAO- 192.4  kJ/m*2 
KJ-MAX LOAD- 191.6 MPa SQRlml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J Ic -  162.4 kJ/mh2 J I c -  157 kJ/m"2 
K - J I c -  176 MPa SQRCml K - J I c -  173 .1  MPa SQRlmI 
POWER- .3464 SLOPE- 100182 k3/m^3 
COEFFICIENT= 251 .7  kJ/m"2 INTERCEPT- 144.1  kJIm"2 
T (AVERAGE)- 47  T (ASTMI- 5 1  

..................... ------------------- 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
3 (@J/T-e.8>- 282.6 kJ/m"2 
POWER= .3256 COEFFICIENT- 250.2 kJ/mh2 
J-MAX ALLOWED- 605 kJNrn"2 DELTA-A MAX ALLOWED- 1.97  mm 
RCURVE INVALID, 2 .  3 
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SPECIMEN ID= 026329 
TEST TEMPERATURE= 8 0  DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 31.2 mm a/W)i= .612 
MEASURED DUCTILE DELTA-A= .51  mm 
YIELD STRENGTH= 590 MPa 
FLOW STRENGTH= 656 MPa 
ESTIMATED YOUNG’S MODULUS- 203 GPa 

SPECIMEN C 

VALUES AT --------__ 
J - I NTEGRAL 
KJc- 178. 
K-beta-c= 

POWER LAW 

J Ic=  150. 
K - J I C ~  17 
POWER- . 5  
COEFF I C  I Eh 
T (AVERAGE 

-------___ 

:LEAVED AT K - 121.2 MPa SQR[ml (NOT VALID K I c )  

MAXIMUM LOAD WLUES AT CLEAVAGE LOAD 

.= 157 kJ/m*2 3-INTEGRAL= 161.1 kJ/m*2 
4 MPa SQRfml KJc- 150.7 MPa SQRCml 

------------ ....................... 

102.9 MPa SQRtml K-beta-c= 103.5 MPa SQRCml 

PROCEDURE ASTM LINEAR PROCEDURE 

4 k J/mA2 J IC- 0 k J/m”2 
’4.5 MPa SQRtml K-JIc= 0 MPa SQRlml 
1613 SLOPE- 0 kJ/m^3 
IT= 317.1 kJ/mA2 INTERCEPT- 0 kJIm”2 
: )=  85 T (ASTM)- 0 

INVALID, 1 6  

. - - - - - - - _ -  ..................... 

J I -R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)- 0 kJ/m*2 
POWER= 0 COEFFICIENT* 0 kJ/m*2 
J-MAX hLLOWED= 650.3 kJ/m^2 DELTA-A MAX ALLOWED- 1.98 mm 
RCURVE INVALID, 2 3 
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SPECIMEN ID- 02GA338 
TEST TEMPERATURE- 2 8 8  DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES= 2 0  X 
I N I T I A L  CRACK LENGTH- 31 ,7  mm a/’W) I =  
MEASURED DUCTILE DELTA-A- 1 . 9 1  mm 
YIELD STRENGTH- 526 MPa 
FLOW STRENGTH- 613 MPa 
ESTIMATED YOUNG’S MODULIJS- 1 9 1  GPa 

6 2 2  

SPECIMEN D I D  NOT CLEAVE, J-MAX LOeD- 1 9 6 . 7  kJ/mh2 
KJ-MAX LOAD- 1 9 3 . 7  MPa SQRCml 

POWER .LAW PROCEDURE ASTM L I N E A R  PROCEDURE 

J Ic -  139.5 kJ/m“2 J I c -  116.8 kJ/m”2 
K - J I c =  163.2 WPa SQRCml K - J I c -  149.3  MPa SQRtml 
POWER- .3854 SLOPE- 121740 kJ/m”3 
COEFFICIENT- 233.2 kJ/m”2 INTERCEPT= 105.2  kJ/m”2 
T (AVERAGE!= 49 T (ASTM)- 6 2  

-_----------------- ________--__--------- 

VALID. E813 

J I - R  CURUE CALCULATIONS ....................... 
J (@J/T-8.8)-  299.6 kJ/m”2 
POWER- .4119 COEFFICIENT- 233 .1  kJ Im”2  
J-MGX ALLOWED- 591.3 kJ/m“2 DELTA-A MAX ALLOWED- 1 .93  mm 
RCURUE INVALID, 2 
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SPECIWEN ID- 02GA340 
TEST TEMPERATURE- 204 DEG C 
THICKNESS- 25 .4  mm 
SIDE GROOVES- 2 0  Y 
I N I T I A L  CRACK LENGTH- 31.8 mm a /W) i -  .622 
MEASURED DUCTILE DELTA-&= 2.99 mm 
YIELD STRENGTH- 545 MPa 
FLOW STRENGTH- 617 MPa 
ESTIMATED YDUNG'S WODULUS- 196 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 177.1 kJ/m^2 
KJ-MAX LOAD- 186.1 WPa SQRtml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c -  125.2 kJ/m"2 J I c -  118.8 kJ/mA2 
K - J l c -  156.5 WPa SQRtml K - J I c -  152.4 MPs SQRtml 
POWER= .4775 SLOPE- 126681 kJ/mn3 
COEFFICIENT- 242.1 kJ/m"2 INTERCEPT- 106.6 kJ/m*2 
T (AVERAGE)- 62  T (ASTM!- 65 

------------------- ..................... 

INVALID. 6 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T-8.8)-  310.2 kJ/m"2 
POWER- .4079 COEFFICIENT- 241.8 kJ/m"2 
J-MAX ALLOWED- 596.3 CJ/mA2 DELTA-A MAX ALLOWED- 1.93 mm 
RCURVE INVALID, 2 3 
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SPECIMEN ID- 026344 
TEST TEMPERATURE- 80 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES- 0 % 
INIT IAL CRACK LENGTH= 3 1  mm a/W)i= .607 
MEASURED DUCTILE DELTA-A- .25 mm 
YIELD STRENGTH- 590 MPa 
FLOW STRENGTH= 656 MPa 
ESTIMATED YOUNG'S MODULUS- 203 GPa 

SPECIMEN CLEAVED AT K = 115.1 MPa SORCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL- 151.2 kJ/m"2 J-INTEGRAL- 152 kJ/mA2 
KJc= 175.1 MPa SQRCml KJc= 175.5 MPa SQRtml 
K-beta-c= 102.1 MPa SQRtml K-beta-c= 102.2 MPa SQRCmI 

...................... ....................... 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c -  140.8 kJ/m"2 J f c -  0 k J/mA2 
K-JIc-  168.9 MPa SQRtml K-JIc-  0 MPa SQRCml 
POWER- .a626 SLOPE- k J/m"3 
COEFFICIENT= 454.2 kJ/mA2 INTERCEPT- 0 kJ/m"2 
T (AVERAGE)- 181 T (ASTMI- 0 

------------------- ..................... 

INVALID, 1 

J I -R CURVE CALCULATIONS ....................... 
J (@J/T-8.8)= 0 kJIm"2 
POWER- 0 COEFFICIENT- 0 kJ/mA2 

RCURVE INVALID, 2 
J-MAX ALLOWED= 658.6 kJ/m"2 DELTA-A MAX ALLOWED= 2 01  mm 
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SPECIMEN ID= 02G353 
MATERIAL TYPE= A533 
TEST TEMPERATURE= 50 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 0 96 
INITIAL CRACK LENGTH= 3 1 . 5  mm a0W)i= .618 
MEASURED DUCTILE DELTA-A- .05 mm 
YIELD STRENGTH= 604  MPa 
FLOW STRENGTH= 672 MPa 
ESTIMATED YOUNG'S NODULUS= 204 GPa 

SPECIMEN CLEAVED AT K = 7 8 . 9  MPa SQRtml (NOT VALID KIc) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 2 9 . 8  kJ/m*2 J-INTEGRAL- 2 9 . 8  k W m " 2  
KJc= 78 MPa SQRtml KJc= 7 8  MPa SQRtml 
K-beta-c= 6 7 . 5  MPa SQRtml K-beta-c- 6 7 . 5  MPa SQRtml 

...................... ....................... 
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SPECIMEN ID- 02G362 
TEST TEMPERATURE= 1 2 1  DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES= 20 K 
I N I T I A L  CRACK LENGTH= 31.7 mm a/W) i= .622 
MEASURED DUCTILE DELTA-A- 4.3 mm 
YIELD STRENGTH- 573 MPa 
FLOW STRENGTH= 639 MPa 
ESTIMATED YOUNG'S MODULUS- 200 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 192.2 kJ/m"2 
KJ-MAX LOAD- 196.2 MPa SQR[ml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  148.7 kJ/m*2 J I c -  146.3 kJ/m^2 
K - J I c -  172.6 MPa SQRCml K -J Ic=  171.2 MPa SQR[mI 
POWER= .3731 SLOPE= 99999 kJ/m^3 
COEFFICIENT- 243.6 kJ/m"2 INTERCEPT- 134.8 kJ/m"2 
T (AVERAGE)= 48 T (ASTM)= 49 

------------------- ..................... 

V W I D ,  E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T-8.8)-  246.2 kJ/m^2 
POWER- .2567 COEFFICIENT= 239.9 kJ/m^2 
J-MAX ALLOWED= 617.5 kJ/m"2 DELTA-A MAX ALLOWED= 1.93 mm 
RCURVE INVALID, 2 
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SPECIMEN 13- 02GA363 
TEST TEMPERATWE- 2 0 4  DEG C 
TH:Ck'NESS= 2 5 . 5  mm 
S I D E  WC)OVES- 20 % 
I N I T I A L  CRACK LENGTH- 3 1 . 8  rnm a / W ) i =  . 6 2 3  

'm"2 
'a SGfRtrnl 

'ROCEDURE 

kJ/m"2 
WPa SOR[rnl 

'7 kJ/mA3 
1 6 . 4  kJ/mA2 

-------- 

2 3 9 . 6  kJ/mA2 
LLOWED= 1 . 9 2  mm 
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SPECIMEN ID- 02G36S 
MATERIAL TYPE- A53Z 
TEST TEMPERATURE= S 
THICKNESS= 2 5 . 4  mm 
SIDE GROOVES- 0 X 
I N I T I A L  CRACK LENGl 
MEASURED DUCTILE DE 
YIELD STRENGTH= 60L 
FLOW STRENGTH- 672 
ESTIMATED YOUNG'S r 

SPECIMEN CLEAVED A7 

VALUES AT MAXIMUM L 

3-INTEGRAL- 22.5 kJ 
------------------- 
KJc- 6 7 . 8  MPa SQRCn 
K-beta-c= 61.2 MPa 

i 
I 
LO DEG C 

TH- 3 1 . 8  mm s/W)i- . 624  
TLTA-A= .05 mm 
i MPa 
MPa 
10DULUS- 2 0 4  GPs 

- K - 6 9 . 4  MPs SQRCml (NOT VALID K I c )  

.OAD VALUES AT CLEAVAGE LOAD 

l/mh2 J-INTEGRAL- 2 2 . 5  kJ/m"2 
rl KJc-  6 7 . 8  MPa SQRCml 
SQRCml K-beta-c-  6 1 . 2  MPa SQRIml 

.--- ....................... 
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SPECIMEN ID- 026401 
MATERIAL TYPE- A533B1 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 % 
INITIAL CRACK LENGTH- 31 mm a/W)i- .609 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH- 647 MPa 
FLOW STRENGTH- 717 MPa 
ESTIMATED YOUNG'S MODULUS- 209 GPa 

TEST TEMPERATURE= -25 DEG C 

SPECIMEN CLEAVED AT KIc= 58.9 MPa SQRIml (VALID ASTM E3991 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 16.6 kJ/m"2 J-INTEGRAL- 16.6 kJIm"2 
KJc- 58.8 MPa SQRIml KJc- 58.8 MPa SQRIml 
K-beta-c- 55.6 MPa SQRlml K-beta-c= 55.6 MPa SQRIml 

...................... ....................... 
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SPECIMEN ID= 026404 
MATERIAL TYPE= A533 
TEST TEMPERATURE= 50 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 31.1 mm a /W) i=  .609 
MEASURED DUCTILE DELTA-A- .05  mm 
YIELD STRENGTH= 604  MPa 
FLOW STRENGTH= 672 MPa 
ESTIMATED YOUNG'S MODULUS= 204  GPa 

SPECIMEN CLEAVED AT K = 79.9 MPa SQRfmI (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 36.7  kJ/m"2 J-INTEGRAL= 36.7 kJ/mh2 
KJc= 86.6 MPa SQRCml KJc= 86.6 MPa SQRCmI 
K-beta-c= 72.1 MPa SQRCmI K-bs ta-c=  7 2 . 1  MPa SQRtml 

...................... ....................... 
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SPECIMEN ID= 026406 
MATERIAL TYPE- A5336 

THICKNESS- 25.4 mm 
SIDE GROOVES= 0 % 
I N I T I A L  CRACK LENGTH= 30.7  mm a/W) i= .602 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH- 647 MPa 
FLOW STRENGTH- 717 MPa 
ESTIMATED YOUNG'S MODULUS- 209 GPa 

TEST TEMPERATURE- -25 DEG C 

SPECIMEN CLEAVED AT K I c -  45 .1  MPa SQRCmI (VALID ASTM E3991 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 14.3 kJ/m"2 J-INTEGRAL= 14.3 kJ/mh2 
KJc= 54.6 MPa SQRlmI KJc- 54.6 MPa SQRCml 
K-beta-c= 52.2 MPa SQRCmI K-beta-c= 52.2 MPa SQRCmI 

...................... ....................... 
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SPECIMEN ID- 02GA407 
MATERIAL TYPE= A533B 
TEST TEMPERATURE= 5 0  DEG C 
THICKNESS= 25 .4  mm 
SIDE GROOVES- 0 X 
I N I T I A L  CRACK LENGTH= 3 1 . 1  mm e0W)i- .611  
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 604 MPa 
FLOW STRENGTH- 672 MPa 
ESTIMATED YOUNG'S MODULUS- 2 0 4  GPa 

SPECIMEN CLEAVED AT K - 62.3 MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD. ...................... ....................... 
J-INTEGRAL- 18.3 kJ/m"2 J-INTEGRAL- 18.3 kJ/mh2 
KJc= 6 1 . 1  MPa SQRCml KJc= 61.1 MPs SQRCml 
K-beta-c=  56.6 MPa SQRCml K-beta-c=  56.6 MPa SQRCml 

*. .-.. - . w*-l-- . .- 

.e- 

%- 
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SPECIMEN ID= 026414 
MATERIAL TYPE= A53381 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH- 30.2 mm a/W)i- .592 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 6 4 7  MPa 
FLOW STRENGTH= 717 MPa 
ESTIMATED YOUNG'S MODULUS= 209 GPa 

TEST TEMPERATURE- -25 DEG C 

SPECIMEN CLEAVED AT K I c -  36  MPa SQRCmI (VALID ASTM E3991 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 6.9 kJ/m"2 &INTEGRAL= 6.9 kJIm"2 
KJc= 38 HPa SQRtmI KJc= 38 MPa SQRtml 
K-beta-c=  37.5 MPa SQRtml K-beta-c=  37.5 MPa SQRtml 

...................... ....................... 
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SPECIMEN ID- 026421 
TEST TEMPERATURE= 8 0  DEG C 
THICKNESS- 25 .4  mm 
SIDE GROOVES- 0 96 
IN IT IAL  CRACK LENGTH- 30.7 mm a/W)i- .603 
MEASURED DUCTILE DELTA-A= .44 mm 
YIELD STRENGTH- 590 MPa 
FLOW STRENGTH= 656 MPa 
ESTIMATED YOUNG’S MODULUS= 203 GPa 

SPECIMEN CLEAVED AT K - 118.4 MPa SQRCmI (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 138.1 kJ/m”2 J-INTEGRAL= 198.8 kJ/m”2 
KJc= 167.3 MPa SQRtml KJc= 200.7 MPa SQRCml 
K-beta-c- 100.1 MPa SQRfmI K-beta-c= 108.1 MPa SQRtml 

...................... ....................... 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J Ic -  151.4 kJ/m”2 J I c -  0 k J/m”2 
K-JIc- 175.2 MPa SQRtml K-JIc= 0 MPa SQRtmI 
POWER- .353 SLOPE= k J/mA3 
COEFFICIENT- 241.9 kJ/m”2 INTERCEPT- 0 kJIm”2 
T (AVERAGE)- 43 T (FISTM)- 0 

------------------- ..................... 

INVALID, 1 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 236.7 kJIm”2 
POWER- .2921 COEFFICIENT- 223.9 kJ/m”2 
J-MAX ALLOWED- 6.62.8 kJ/m”2 DELTA-A MAX ALLOWED= 2.02 mm 
RCURUE INVALID, 2 
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SPECIMEN ID= 026422 
TEST TEMPERATURE- 288 DEG C 
THICKNESS 25.4 mm 
SIDE GROOVES= 2 0  96 
I N I T I A L  CRACK LENGTH= 30.9 mm a /W) i=  .607  
MEASURED DUCTILE DELTA-A= 4.73 mm 
YIELD STRENGTH- 526 MPa 
FLOW STRENGTH- 613 MPa 
ESTIMATED YOUNG'S MODULUS= 1 9 1  GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 195.5 kJ/mA2 
KJ-MAX LOAD= 1 9 3 . 1  MPa SQRtml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  154.4 kJ/mA2 J Ic -  153.8 kJ/m"2 
K - J I c -  171.6 MPa SQRtml K - J I c =  171.3 MPa SQRtml 
POWER- .3786 SLOPE= 103020 kJ/mA3 
COEFFICIENT= 251.4 kJ/m"2 INTERCEPT- 140.9 kJ/m"2 
T (AVERAGE)- 5 1  T (ASTMI- 52  

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)=  293.9 kJ/m"2 
POWER= .3509 COEFFICIENT= 2 5 1  kJ/m"2 
J-MAX ALLOWED= 614.4 kJ/mh2 DELTA-A MAX ALLOWED= 2 rnm 
RCURVE INVALID, 2 3 

R 

I '  
Ir 
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SPECIMEN ID= 68WAD 
MATERIAL TYPE- A5338W 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 30.9 mm a/W) i= .608 
MEASURED DUCTILE DELTA-A= .25 mm 
YIELD STRENGTH- 727 MPa 
FLOW STRENGTH- 727 MPa 
ESTIMATED YOUNG'S MODULUS= 210 GPa 

TEST TEMPERATURE= -50 DEG C 

I SPECIMEN CLEAVED AT K * 131.3 MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

&INTEGRAL= 140.3 kJ/mn2 &INTEGRAL= 140.4 kJ/mn2 
KJc= 171.7 MPa SQRCml KJc= 171.7 MPa SQRCml 
K-beta-c=  113.5 MPa SQRCml K-beta-c=  113.5 MPa SQRCml 

...................... ....................... 



352 
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SPECIMEN ID= 68WBB 
MATERIAL TYPE= A5338W 

THICKNESS= 25 .4  mm 
SIDE GROOVES- 0 96 
I N I T I A L  CRACK LENGTH- 3 0 . 1  mm a/W)i- .593 
MEASURED D U C T I L E  DELTA-&= .05 mm 
Y I E L D  STRENGTH- 7 5 7  MPa 
FLOW STRENGTH- 757  MPa 
ESTIMATED YOUNG’S MODULUS- 2 1 1  GPa 

TEST TEMPERATURES -75 DEG C 

SPECIMEN CLEAVED A T  K = 116.1 MPa SQRIml (NOT V A L I D  K I c )  

VALUES A T  MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL- 84.3 kJ/mA2 3-INTEGRAL- 84.9 kJ/mh2 
K J c =  133.6 MPa SQRCml KJc- 134 MPa SQRtml 
K-beta-c- 102 MPa S Q R I m l  K-beta-c- 102.2 MPa SQRIml 

...................... ....................... 
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SPECIMEN I D -  6RWDA 
TEST TEMPERATUPE- 2 0 1  DEG C 
THICKNESS= 2 5 . 4  mm 
SIC'€ GROOVES= 2 0  Y 
I N I T I A L  CRACK LENGTH= 7 O . q  mm aZ1.d) I *  . 5  
MEASUPECl DUCTILE DELTA-A= 2 . 4 7  mm 
'<IELCl STPENGTH= 5 3 3  MPa 
FLOLI STRENGTH- 5.72 MPa 
EST IMATED YOUNG ' S PlOCIl~LUS- 1on GPa 

SPET-IWN DID NOT CLEAllE, J-MUX LQAD= 2'5.1 ) . . J / rn 'Z  
KJ-tlQX LOAD= 27.1.0 MPa SDSCml 
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ORNL-DWG 87-8032 
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SPECIMEN ID= 68WOC 
TEST TEMPERATURE= 1 2 1  DEG C 
THICKNESS= 25 .4  mm 
SIDE GROOVES= 20 X 
I N I T I A L  CRACK LENGTH= 30.5 mm a/W)i= , 401  
MEASURED DUCTILE DELTA-A= 2 .81  mm 
YIELD STRENGTH= 538 MPa 
FLOW STRENGTH= 575 MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN DID  NOT CLEAVE, J-MAX LOAD= 313 .1  kJ/m"2 
KJ-MAX LOAD= 250.4 MPa SQRtmI 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  163.8 kJ/mh2 ~ I C =  131.2 kJ/m"2 
K - J I c =  1 8 1 . 1  MPa SQREml K - J I c =  162.1  MPs SQRtm3 
POWER- .7302 SLOPE= 292740 kJ/m"3 
COEFFICIENT= 402.1 kJ/m"2 INTERCEPT= 97.8 kJ/m"2 
T (AVERAGE)= 173 T (ASTM)= 177 

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 1090 kJ/m"2 
POWER= .7321 COEFFICIENT= 402.7 kJ/mh2 
J-MAX ALLOWED= 583.3 kJ/m^2 DELTA-A MAX ALLOWED= 2.03 mm 
RCURUE INVALID, 2 
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SPECIMEN ID- 68WHC 
M A T E R I A L  TYPE- A5338W 

THICKNESS- 2 5 . 4  mm 
SIDE GROOVES= 0 k 
I N I T I A L  CRACK LENGTH- 3 0 . 5  mm a/W)i= .601 
MEASURED D U C T I L E  DELTA-A= .05 mm 
Y I E L D  STRENGTH= 833 MPa 
FLOW STRENGTH= 833 MPa 
ESTIMATED YOUNG'S MODULUS- 215 GPa 

TEST TEMPERATURE= -130 DEG C 

SPECIMEN CLEAVED A T  K I c =  5 2 . 5  MPs S Q R t m l  ( V A L I D  ASTM E3991 

VALUES A T  MAXIMUM LOAD VALUES A T  CLEAVAGE LOAD 

J- INTEGRAL= 1 3 . 5  kJ/m"2 J - INTEGRAL= 1 3 . 5  k J I m " 2  
K J c -  5 3 . 9  MPa SQRCml KJc= 5 3 . 9  MPs SQRCml 
K-beta-c= 5 2 . 9  MPa SQRCml K-beta-c= 5 2 . 9  MPa SQRCml 

...................... ....................... 
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5 0  

4 0  

30 

- - - - - - - - 

DISPLRCEMENT ( m m )  



.602 

"2 
Pa SQRlml 

PROCEDURE 

k J/m"2 
--------- 
7 MPa SQRlml 
11 k J/m"3 
98 kJlm"2 
36 

333.2 kJ/mn2 
ALLOWED= 2.02 mm 
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- MODIFIED-ERNST J-I NTEGRAL 
A J ( 8 . 8 * T a v g 3  JIC(E-813) 
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68WKE 121 DEGREES C 

DISPLRCEMENT ( m m )  

68WKE 121 DEGREES C 
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SPECIMEN ID= 68WLC 
MATERIAL TYPE- A531 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENG' 
MEASURED DUCTILE DE 
YIELD STRENGTH= 7 5 ;  
FLOW STRENGTH= 757 

TEST TEMPERATURE= - 

ESTIMATED YOUNG'S r 

SPECIMEN CLEAVED A1 

VALUES AT MAXIMUM I ------------------- 
J-INTEGRAL- 6 7 . 9  k; 
KJc= 119.8 MPa SQRl 
K-beta-e= 96 MPe S[ 

5 BW 
-75 DEG C 

rH= 3 0 . 3  mm a/W)i= .597  
ILTA-A= .05 mm 
7 MPa 
MPa 

IODULUS- 211 GPa 

r K = 118.2 MPe SQRfml (NOT VALID K I c )  

-0AD VALUES AT CLEAVAGE LOAD 

Vm"2 &INTEGRAL= 67.7 kJ/m"2 
[ m l  KJc- 119.6 MPa SQRfml 
IRCmI K-bets-c= 95.9 MPa SQRtml 

---- ....................... 
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SPECIMEN ID= 68WMB 

THICKNESS= 25.4 mm 
SIDE GROOVES- 0 X 
I N I T I A L  CRACK LENGTH= 3 0 . 4  mm 
MEASURED DUCTILE DELTA-A= . 0 5  mm 
YIELD STRENGTH= 833 MPe 
FLOW STRENGTH= 833 MPa 
ESTIMATED YOUNG'S MODULUS= 215 GPa 

TEST TEMPERATURE= -130 DEG C 

SPECIMEN CLEAVED AT K I c =  37.4 MPa SQRtml 

i o  .598 

(VALID ASTM E3991 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL- 6.5 kJ/mA2 J-INTEGRAL= 6.5 kJ/mh2 
KJc= 37.4 MPa SQRlml KJc= 37.4 MPa SQRtml 
K-beta-c=  37.2 MPa SQRtml K-beta-c= 37.2 MPa SQRtm3 

...................... ....................... 
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LOAD-DISPLACEMENT AND J-R CURVES UNAVAILABLE 
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SPECIMEN ID= 68WMD 
TEST TEMPERATURE= 32 
THICKNESS= 25.4 mm 
SIDE GROOUES= 20 X 
INITIAL CRACK LENGTH= 

YIELD STRENGTH= 569 I 
FLOW STRENGTH= 610 MI 
ESTIMATED YOUNG'S MODUl 

MEASURED DUCTILE DELTA. 

SPECIMEN DID NOT CLEAUI 

POWER LAW PROCEDURE 

J I c =  206.4 kJ/m^2 

POWER= .6942 
COEFFICIENT= 456 k J/I  
T (AVERAGE)= 168 

------------------- 
K-JIc- 205.9 MP8 SQR 

JI-R CURUE CALCULATION! 
--------------------__I 

J (@J/T=8.5)= 1113.1 
POWER= .7141 

RCURUE INVALID, 3 
J-MAX ALLOWED= 611 ke 

DEG C 

30.8 m m  a/W)i= .606 
-A=  6.75 mm 
MPa 
Pa 
LUS= 205 GPa 

E, J-MAX LOAD= 346.7 kJ/m"2 
KJ-MAX LOAD= 266.8 MPa SQRCml 

ASTM LINEAR PROCEDURE 

JIc= 178.3 kJ/m"2 

SLOPE= 310973 kJ/m"3 

T (ASTM)= 172 
VALID, E813 

..................... 
Cml K-JIc= 191.3 MPa SQRCml 

m"2 INTERCEPT- 132.8 kJ/mh2 

s - 
k J/m^2 

COEFFICIENT= 458.1 kJ/m"2 
J/m"2 DELTA-A MAX ALLOWED- 2 mm 
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12 
121 DEG C 

mm 
x 

;TH= 30.6 mm a/Wli= .603 
IELTA-A= 3.43 mm 
175 MPa 
.2 MPa 
NODULUS= 200 GPa 

:LEAVE, 3-MAX LOAD= 204.3 k J I m " 2  
KJ-MAX LOAD= 202.3 MPa SQRtml 

!E 

'2 
I SQRtml 

3 k J/mn2 

.- 

IT IONS 

I. 7 k J/m*2 

.7 k J/mA2 
2 

.----- 

ASTM LINEAR PROCEDURE 

~ I C =  133.4 kJ/m*2 
K - J I c -  163.4 MPa SQRtmI 
SLOPE- 134114 kJ/m*3 
INTERCEPT= 120.8 kJ/mn2 
T (ASTM)= 53 
VALID, E813 

..................... 

COEFFICIENT= 259.6 kJ/m"2 
DELTA-A MAX ALLOWED= 2.02 mm 
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MATERIAL TYPE= A533BW 
TEST TEMPERATURE= 29 DEG C 
- a  I . m . . L . C I -  c.c c 

F1.3 mm a/W)i= .417 
. 0 5  mm 

I 

.US- 206 GPa 

106.3  MPa SQRtml (NOT VALID K I c )  

VALUES AT CLEAVAGE LOAD ....................... 
J-INTEGRAL= 54.3 kJIm”2 
KJc= 105.7 MPa SQRtml 

K-beta-c= 87 tlPa SQRCml 
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- 
OWL-DWG 87-8048 

69W1 13 29 DEGREES C 
5 0  

.2 . 4  .6 .a 

DISPLRCEMENT ( r n m l -  
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SPECIMEN ID= 69W114 
MATERIAL TYPE- A533BW 
TEST TEMPERATURE= 1 0  DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 0 96 
I N I T I A L  CRACK LENGTH- 30 .4  mm a/W) i= .598 
MEASURED DUCTILE DELTA-A= .05  mm 
YIELD STRENGTH= 739 MPa 
FLOW STRENGTH= 768 MPa 
CCT 1 MhTCn VnI lhlq I S MODULUSP 2 07 GPa 

ID AT K = 77 .3  MPs SQRCml (NOT VALID K I c )  

1UM LOAD VALUES AT CLEAVAGE LOAD 

kJ/m"2 J-INTEGRAL- 25 kJ /m"2  
;QRCml KJc= 71.9 MPa SQRtmI 
MPa SQRCmI K - b t t a - c -  67.1 MPa SQRCml 

.------- ....................... 
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4 0  
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3 8 1  

116 
= 52 DEG C 

mm 
x 

qGTH- 29.4 mm a/W> i s  
DELTA-+ .89 mm 
702 MPa 

738 MPa 
5 MODULUS= 204 GPa 

,58  

CLEAVE, J-MAX LOAD= 171.6 kJ/m*2 
KJ-IIAX LOAD= 187.2 MPe SQR[ml 

JRE 

n"2 
'e SQR[mI 

3.7 kJ/m"2 

--- 

786.9 kJ/m"2 
2 3  

ASTM LINEAR PROCEDURE 

J Ic=  75.2 kJ/m"2 
K-JIc= 123.9 WPa SQRCml 
SLOPE= 182326 kJIm"3 
INTERCEPT- 65.9 kJIm"2 
T (ASTMI- 68 
INVALID, 6 

___________-___-__---  

COEFFICIENT- 238.2 kJ/m"2 
DELTA-A MAX ALLOWED- 2.13 mm 
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5119 
h5338W 
:= -35 DEG C 
mm 
x 

ENGTH- 3 0 . 1  mm a/W)i= .593 
I DELTA-+ . 0 5  mm 
784 MPa 
)12 MPa 
IS MODULUS- 209 GPa 

) AT K I c =  5 6 . 9  MPa SQRCml (VALID ASTM € 3 9 9 )  

JM LOAD VALUES AT CLEAVAGE LOAD 

! k Wm"2 J-INTEGRAL= 15 .2  k3/mA2 
JREmI KJc- 5 6 . 4  MPa SQRtmI 
I SQRtml K-beta-c- 55 MPa SQRCml 

.------ ....................... 



3 8 4  

5 0  

4 0  

30 

- 
- - 
- 

- - - 

Y 

0 . 1  . 2  .3 . 4  

DISPLRCEMENT ( m m )  

. 5  . 
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SPECIMEN ID= 69W1: 
MATERIAL TYPE= A53 
TEST TEMPERATURE- 
THICKNESS= 25.4  mn 
SIDE GROOVES= 0 k 
I N I T I A L  CRACK LEN[ 
MEASURED DUCTILE C 
YIELD STRENGTH= 73 
FLOW STRENGTH- 76E 
ESTIMATED YOUNG'S 

SPECIMEN CLEAVED C 

VALUES AT MAXIMUM ------------------ 
3-INTEGRAL- 2 4 . 7  E 
KJc= 71 .4  MPa SQRI 
K-beta-c -  6 6 . 7  MPc 

2 1  
53BW 

n 
1 0  DEG C 

;TH= 30.6 mm a/W) i= .603 
IELTA-A= .05 mm 
5 ?  MPa 
3 MPa 
MODULUS= 207 GPa 

hT K = 78 .3  MPa SQRlmI (NOT VALID K I c )  

LOAD VALUES AT CLEAVAGE LOAD 

t J/mh2 3-INTEGRAL= 2 4 . 7  kJNm"2 
: m l  KJc= 7 1 . 4  MPa SQRtml 
I SQRtml K-beta-c=  6 6 . 7  MPa SQRtml 

.---- ....................... 



3 8 6  

69W121 
OWL-DWG 87-8053 

10 DEGREES C 

40 

r\ 

z 
A 
W 

30 

2 0  

10 

DISPLFICEMENT ( m m )  



3 8 7  

e/W)i= . 597  

6 k J/m*2 
0 3 . 1  MPa SQRlml 

LINEAR PROCEDURE ---------------- 
1 0  5 k J/m"2 

= 145 MPa SQRCml 
:= 144801 kJ/m*3 
!CEPT= 9 4 . 4  kJ/mh2 
;TM)= 57 
1 ,  E813 

' ICIENTx 2 4 5 . 2  kJ/m"2 
I-A MAX -ALLOWED= 2 . 0 5  mm 
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ORNL-WG 87-8054 

69W126 121 DEGREES C 

- M O D I F I  ED-ERNST J-INTEGRAL - A J (8.8*Tavg> JIC(E-813) 

c - - -  BLUNTING. LINE ACTUAL DELTA-R 
............................ -. OFFSET LItdES rn JJICCPWR L A W )  - 

/ :  

100 

80 

60 

4 0  

20 

0 1 2 3 4 5 

DISPLACEMENT ( m m )  
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2d 
v 608 
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+ ) 0  
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0 1 2 3 4 5 

CRRCK EXTENSION ( m m )  
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SPECIMEN ID= 69W142 
MATERIAL TYPE= A5338W 

THICKNESS= 25.5 mm 
SIDE GROOVES= 0 k 
I N I T I A L  CRACK LENGTH= 3 0 . 1  mm a /W) i=  .594 
MEASURED DUCTILE DELTA-A= .05  mm 
YIELD STRENGTH= 785 MPa 
FLOW STRENGTH= 813 MPa 
ESTIMATED YOUNG'S MODULUS= 209 GPa 

TEST TEMPERATURE= -36 DEG C 

SPECIMEN CLEAVED AT K I c =  5 5  MPa SQRtml CVALIO ASTM E3991 

VALUES AT MAXIMUM L O A 0  VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 12.9 kJIm"2 J-INTEGRAL= 12.9 kJ/mh2 
KJc= 52 MPa SQRCml KJc= 52 MPa SQRCml 
K -be ta -c=  5 1 . 1  MPa SQRtml K-beta-c=  5 1 . 1  MPa SQRtml 

...................... ....................... 
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ORNL-DWG 87-8056 

5 0  

4 0  

3 0  

20 

10 

El 

69W 142  -36  DEGREES C 

- 
0 . 1  .2 .3 . 4  

DISPLRCEMENT ( m m )  

. s  
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I 
SPECIMEN ID= 69W14 
MATERIAL TYPE= A53  
TEST TEMPERATURE= 
THICKNESS= 25.5 mm 
SIDE GROOVES= 0 k 
I N I T I A L  CRACK LENG 
MEASURED DUCTILE 0 
YIELD STRENGTH= 7 0  
FLOW STRENGTH= 739 
ESTIMATED YOUNG'S 

SPECIMEN CLEAVED FI 

VALUES AT MAXIMUM -------_---------- 
3-INTEGRAL= 68.5 k 
KJc= 118.3 MPa SQR 
K-bete-c=  92.3 MPa 

i3 
3BW 
5 0  DEG C 
I 

;TH= 30.3 mm a /W) i=  .597 
lECTA-A= . 0 5  mm 
13 MPa 

MPa 
MODULUS= 2 0 4  GPa 

IT K = 112.6 MPa SQRtml (NOT VALID K I c )  

LOAD VALUES AT CLEAVAGE LOAD 

JIm"2 J-INTEGRAL= 68.5 kJ/m"2 
fml KJc= 118.3 MPa SQRtmI 

---- ....................... 

SQRtml K-beta-e= 92.3 MPa SQRtml 
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. 
100 

80 

6 0  

4 0  

20 

0 

ORNL-DWG 87-8057 

691.1143 50 DEGREES-C 
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SPECIWEN ID-  69W144 
TEST TEWPERATURE= 288 DEG C 
THICKNESS- 2 5 . 4  mm 
S I D E  GROOVES- 2 0  X 
. IN IT IAL  CRACK LENGTH- 30 .9  mm a / W ) i =  .608 
WEASURED DUCTILE DELTA-A- 2.17 mm 
Y I E L D  STRENGTH- 6 5 3  WPa 
FLOW STRENGTH- 7 0 4  WPa 
ESTIWATED YOUNG'S WODULUS- 191 GPa 

SPECIWEN D I D  NOT CLEAVE, J-WAX LOAD= 190.9  k J I m " 2  
KJ-MAX LOAD= 190.9 WPa SQRlml  

POWER LAW PROCEDURE ASTtl L INEAR PROCEDURE 

J I c -  118.3 kJ/mn2 J Ic -  97.6 kJ/m"2 
K - J I c -  150.6  WPa SQRlml  K - J I c -  136.4 MPa SQRCml 
POWER- . 4 5 3 7  SLOPE- 131858 kJ/mA3 
COEFFICIENT- 229.5  kJ/m"2 INTERCEPT- 38.4 kJ/mA2 
T (AVERAGE>- 43 T (FISTfl)- 5 1  

------------------- ..................... 

VALID, E 8 1 3  

J I - R  CURVE CALCULATIONS ....................... 
J <pJ/T-8.8)-  297.4 kJ/mn2 
POWER- .4973 COEFFICIENT= 229.6 kJym"2 
J- WAX ALLOWED- 7 0  1.9 k J/m^2 D E L T A 4  WAX ALLOWED- 1.99 mm 
RCURVE INVALID,  2 

. 
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n 

Z 
24 

a 
0 
-I 

W 

a 

n 

N < 

c3 
w + 
Z 

I 
b 

H 

69W 144  200 DEGREES C 

100 r--- 
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OWL-DWG 87-8058 

0 . 4  . 8  1.2 1 . 6  2 

DISPLACEMENT ( m m )  

ORNL-DWG 87-8059 

691.1144 2 8 8  DEGREES C 

P ....... "...._..I .......... - 
MODIFIE D-ERNST J-INTEGRAL 500 
J (8.8*Tav 1 JIC(E-813) 
OFFSET L I N k  JIC(PWR L A W )  
BLUNT1,NG LINE ACTUAL DELTA-F $88 - 

3 08 

2 00 

100 
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SPECIMEN ID= 69W149 
MATERIAL TYPE= A533BW 

THICKNESS= 25.5 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 29.5 mm a /W) i -  . 5 8 1  
MEASURED DUCTILE DELTA-A- .05 mm 
YIELD STRENGTH- 7 8 4  MPa 
FLOW STRENGTH- 812 MPa 
ESTIMATED YOUNG'S MODULUS- 209 GPa 

* TEST TEMPERATURE- -35 DEG C 

SPECIMEN CLEAVED AT K I c -  69.8 MPa SQRCml (VALID ASTM E3991 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 24 .1  k3/mh2 J-INTEGRAL- 2 4 . 1  kJIm"2 
KJc= 71.1 MPa SQRCmI KJc- 71.1 MPa SQRCml 
K-beta-c -  67.2 MPa SQRCml K-beta-c=  67.2 MPa SQRCml 

...................... ....................... 
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ORNL-DWG 87-8060 

691.1149 -35 DEGREES C 
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? 

'm" 3 

_-- 
S Q R t m l  

k J /mA2 

t k J / m " 2  
)= 2 mm 
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100 
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ORNL-WG 87-8061 
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69W153 2 0 4  DEGREES C 
MOD I F  I ED- ERNST J-I NTE GRAL 500 1 

0 JIC(E-813) 
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:! +a 
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CRACK EXTENSION ( m m )  



399 

JRE 

! 
SQRCml 

‘m”3 
l /mn2 

, k J / m n 2  
1- 2 . 0 2  mm 
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MODIFI ED-ERNST J-INTEGRAL 

.................._ " ...... .. OFFSET LINES I JIC(Plr(R L A W )  

. - -  BLUNTING LINE ACTUAL DELTA-A 

500 ' 

- A J (8 .8 *Tavg)  e JIC(E-813) 

488 - 1 ;  [ 

A$ - 1 ;  o i  

- 1 ;  0 

:I i o  

- .: Q 

380 - 
- :  0 
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8."' I I I I I ' I ' I I ' I I I ' 
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100 

80 

60 

40 

20 

0 
0 . 4  . a  1 .2  1 . 6  2 

DISPLACEMENT ( m m )  
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dl65 
f= 50 DEG C 
5 mm 
0 %  
ENGTH= 3 0 . 1  mm s/Wli= .592  
E DELTA-A= 2 .26  mm 

703 MPa 
739 MPa 

I S  MODULUS= 204 GPa 

r CLEAVE, J-MAX LOAD= 191.2  kJ/m"2 
KJ-MAX LOAD= 197 .7  MPa SQRCml 

IURE ASTM LINEAR PROCEDURE 

n"2 J I c =  74 .5  kJ/m"2 
1Pa SQRtml K-JIc= 123 .4  MPa SQRtml 

47 k J/m"2 INTERCEPT= 6 5 . 7  kJIm"2 
1 T (ASTMl= 65 

---- ..................... 

SLOPE= 174054 kJ/m"3 

VALID, E813 

JLAT I ONS 

111.6 kJ/m^2 
COEFFICIENT= 2 4 9 . 1  kJ/m"2 

7 6 7 . 3  kJ/m"2 DELTA-A MAX ALLOWED= 2 .08  mm 
2 
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100 
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- MODIFIED - Em’T J-INTEGRAL 
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H 

I 
h 0  

6916165 

ORNL-DWG 87-8066 

5 0  DEGREES C 

0 5 

CRACK EXTENSION ( m m )  
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3 DEG C 

30.6 mm a / W ) i -  .602 
4-61, 2 mm 

1Pa 
JLUS- 1 9 1  GPa 

MPa 

E, J-MAX LOAD- 190.6 kJ/m"2 
KJ-MAX LOAD= 190.7  MPa SORCml 

ASTM LINEAR PROCEDURE 

J I c -  132 kJ/m"2 
n l  K - J I c =  158 .7  MPa SQRfml 

SLOPE- 104737  kJ Im"3  
c J/m^2 INTERCEPT- 122.2 kJ/m"2 

T (ASTM)- 4 0  
W L I D ,  E813 

___________----__---_ 

4s _ _  
kJ/mn2 

COEFFICIENT= 236.3 kJ /mA2 
kJ/m"2 DELTA-A MAX ALLOWED- 2.02 mm 

i 
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n 500 

N < 
E 400 
\ 
c, 
A 
v 300 

ORNL-DWG 87-8067 

r - MODIF IED-ERNST J -INTEGRA L 

..-... ""...".."_" ..... .. OFFSET L I N E S  I JICCPWR L A W )  
- - -  BLUNTI.NG L I N E  + ACTUAL DELTA-F 
- i 

- A J ( 8 . 8 * T a v g )  JIC(E-813) 
- 
- 
- - 1 ;  
1 - 1 ;  ' : 0 :! 

; *  - 

691.1167 288 DEGREES C 
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Y 

0 . 4  . a  1 .2  1 . 6  

DISPLRCEMENT ( m m )  

ORNL-OWG 87-8068 
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SPECIMEN ID= 69W172 
TEST TEMPERATURE= 5 0  DEG C 
THICKNESS= 25.4 mm 
SIDE GPOOLJES= 0 Y 
I N I T I A L  CRACK LENGTH- 2 9  mm a/W j 1 = 
MEASURED DUCTILE DELTa-A= .64  mm 
YIELD STRENGTH= 7 0 3  MPa 
FLOW STRENGTH- 739 MPa 
EST I MATED YOUNG ' S MODULUS- 2 04 GPa 

SPECIMEN CLEAVED A T  

UALIJES AT MAXIMUM L O  

J- INTEGRAL= 1 8 3 . 2  
KJc= 1 9 3 . 5  MPa SQR 
K-beta-c= 1 1 7 . 7  MP 

F?2 

K = 1 2 8 . 7  MPa SQRCml (NOT V A L I D  K I c )  

'AD VALUES AT CLEAVAGE LOAD 

k.J/m"2 J-INTEGRAL= 186.4 kJ/m"2 
C m l  KJc= 195.2 MPa SQRCml 
a SQRtml K-beta-c= 118.2 MPa SQRCmI 

-- ....................... 

POWER LAW PROCEDIJRE 

J I c =  141.2 kJYm"2 
K-JIc= 169.9 MPa 5 
POWER= . 5 8 5 9  
PnCrrtC.r. lT- =PI. I 

ASTM LINEAR PROCEDURE 

J I c -  0 kJ/m"2 

SLOPE= 0 kJ/mA3 

T CASTM)- 0 
INVALID, 1 6 

..................... 
QRCml K-JIc- 0 MPa SQRLmI 

LuLr r I L  i CIY I - ~ L I .  o kJ/m"2 INTERCEPT= 0 kJ/m"2 

IONS 

? k J /m."2 
---- 

COEFFICIENT= 273.1 kJ/m^2 
kJ/m"2 DELTA-A MAX ALLOWE@= 2.17 mm 
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ORNL-DWG 87-8069 

80  
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Z 

69W172 5 0  DEGREES C 

- 

. 

MODIFIED-ERNST J-I NTEGRAL 
A J ( 8 . 8 * T a v y l  JIC(E-813) 

- . - -  BLUNTING LINE ACTUAL DELTA-F 
.I-..̂ .̂  ................. OFFSET L I N E S  m JICCPWR L A W )  

. .  / 

0 . 4  . 8  1 . 2  1 . 6  2 

DISPLRCEMENT ( m m )  

ORNL-DWG 87-8070 

69W 172 5 0  DEGREES C 
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E 4 0 0  
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b 0  - 
0 . 1  . 2  .3 .4  . 5  

CRACK EXTENSION ( m m )  
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69W173 
'E= A533BW 
)TURE= 10 DEG C 
! 5 . 4  mm 
;= 0 k 
:K LENGTH= 30.7 mm a/W)i= ,604 
:TILE DELTA-A= .05 mm 
;TH= 739 MPa 
:H= 768 MPa 
IUNG'S MODULUS= 207 GPa 

IAVED AT K = 85.9 MPa SQRtml (NOT VALID K I c )  

SXIMUM LOAD VALUES AT CLEAVAGE LOAD 

29.5 kJ/m"2 J-INTEGRAL= 39 .5  kJ/m"2 
'a SQRtml KJc= 78.1 MPa SQRlml 
..6 MPa SQRtml K-beta-c= 71.6 MPa SQRIml 

. - - - - - - - - - ....................... 
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ORNL-DWG 87-8071 

69N 173 10 DEGREES C 
5 0  

4 0  

30 

2 0  

10 

0 
0 . 1  . 2  .3 . 4  

DISPLACEMENT ( m m )  

.5  
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409 I 

I 

1- 27 .7  mm a/W)i= .544 
.TA-A= . 0 5  mm 
MPa 
lPa 
tDULUS- 210 GPa 

K = 96 .8  MPa SQRtml (NOT VALID K I c )  

IAD VALUES AT CLEAVAGE LOAD 

'm"2 J-INTEGRAL= 42.7  kJ/mA2 

QRCmI K-beta-c- 76.1 MPa SQRtml 

....................... -- 
KJc= 94.7 MPa SQRtml 
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SPECIMEN ID-  70W107 
TEST TEPIPERATURE- 2B8 DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES- 2 0  X 
I N I T I A L  CRACK LENGTH- 27.9 mm a /W) i -  
HEASURED DUCTILE DELTCI-A- 2.05 mm 
YIELD STRENGTH- 469 HPa 
FLOW STRENGTH- 543 MPa 
ESTIMATED YOUNG'S HODULUS- 1 9 1  GPa 

, 5 4 9  

SPECIMEN D I D  NOT CLEAUE, J-MAX LOAD- 163 kJ/mA2 
KJ-HAX LOAD- 176.3 RPa SQRtml 

POWER LAW PROCEDURE 

JIc- 113.1 kJCm"2 
K - J I c -  146.9 HPa SQRtmI 
POWER- .3772 
COEFFICIENT- 189.6 k J / m A 2  
T (AUERCIGE)- 5 0  

---------------__-- 

J I - R  CURVE CCILCULATIONS ....................... 
J <bJ/T-B.8)- 251.4  kJ/mn2 
POWER- - 3 7 2 7  
J-HAX ALLOWED- 551.3 kJ/mA2 
RCURUE INUALID, 2 3 

ASTM LINEAR PROCEDURE 

JIc- 9 7  kJ/m"2 
K - J I c -  136 HPa SQRtml 
SLOPE- 97489 kJ/m"3 
INTERCEPT- 88.3 kJ/m"2 
T (ASTH)- 63  
INUFILID, 6 

_------______________ 

COEFFICIENT- 189.8 kJ/m"2 
DELTA-A HAX CILLOWEW 2.29 IIWII 
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ORNL-DWG 87-8075 

70Ldl08 204  DEGREES C 
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CRACK EXTENSION ( m m )  
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SPECIMEN ID= 70W110 
TEST TEMPERATURE= 1 2 1  DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 20 X 
I N I T I A L  CRACK LENGTH- 28 mm a/W)i= . 551  
MEASURED DUCTILE DELTA-A= 4.35 mm 
YIELD STRENGTH= 497 MPa 
FLOW STRENGTH= 550 MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN DID NOT CLEAVE, 3-MAX LOAD= 204.8 kJ/mh2 
KJ-MAX LOAD= 202.5 MPa SQRtml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  115 kJ/m"2 J I c =  96.3 kJ/mh2 
K - J I c =  151.8 MPa SQRtmI K - J I c =  138.9 MPa SQRtml 
POWER- .5992 SLOPE= 169933 kJ/m"3 
COEFFICIENT= 261.1 kJ/m"2 INTERCEPT- 81.4 kJ/m^2 

------------------- ..................... 

T (ASTMI- 113 
VALID, E813 

u a - a \  I r w i x v L  bmLbwLAT IONS ....................... 
J (@J/T=8.8)= 571.4 kJ/m"2 
POWER- .6168 COEFFICIENT= 259.4 kJ/m"2 
J-MAX ALLOWED= 558.6 kJ/m"2 DELTA-A MAX ALLOWED= 2.28 mm 
RCURVE INVALID, 1 
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SPECIMEN ID- 70W117 

THICKNESS- 2 5 . 4  mm 
S I D E  GROOVES- 2 0  X 
I N I T I A L  CRACK LENGTH- 28 mm a /W) i -  . 5 5 1  

Y IELD STRENGTH- 4 6 9  MPa 
FLOW STRENGTH- 5 4 3  MPe 
ESTIMATED YOUMG'S MODULUS- 1 9 1  GPa 

TEST TEMPERATURE- 288 DEG c 

MEASURED DUCTILE DELTA-+ 1.83 1110 
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SPECIMEN ID- 70W118 
TEST TERPERATURE- 204 DEG C 
THICKNESS- 25 .4  mm 
SIDE GROOVES- 20  % 
I N I T I A L  CRACK LENGTH- 28.2 mm a/W) i -  
REASURED DUCTILE DELTCI-A- 2.5 mm 
YIELD STRENGTH- 477 MPa 
FLOW STRENGTH- 5 3 5  MPa 
ESTIMATED YOUNG'S NODULUS- 196 GPa 

I 556 

SPECIMEN D I D  NOT CLEAVE, J-MCIX LOAD- 169.5 kJ/m*2 
KJ-WAX LOAD- 182 ttPa SORtml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c -  141.5 kJIm"2 J I c -  132.5 kJIm"2 
K - J I c -  166.4 MPa SQRCml K - J I c -  160.9 HPa SPRtml  
POWER- .4312 SLOPE- 1 1 6 0 0 6  kJ/m^3 
COEFFICIENT- 244.2 kJ/m"2 INTERCEPT- 118.1 kJ/mA2 
T (AVERAGE)- 74 ' T (ASTM)- 79 

_-_-_-------------- ..................... 

VALID, E813 

J I - R  CURVE CCILCULATIONS ....................... 
J (@J/T-8.8)- 371.5 kJ/mA2 
POWER- .4345 COEFFICIENT- 244.9 kJ/m"2 
J-MAX ALLOWED.. 543.9 kJ/mA2 DELTCI-A MAX CILLOWED- 2.26 mm 
RCURUE INVALID, 1 3 
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- MODIFIED-ERNST J-INTEGRAL 
A J (8 .8 *Tav  3 e JICCE-833) - .-_-...........-..._... OFFSET LINES a JIC(PWR L A W )  

- - -  BLUNTING L INE ACTUAL DELTA-R 

OWL-DWG 87-8081 

70W118 2 0 4  DEGREES C 

4 0 i  20 

1 1  

. 4  . 8  1.2 1.6 2 0t/' I I I 8  ' ' I  I I '  I '  
0 

DISPLACEMENT ( m m )  
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SPECIMEN ID= 70W123 
MATERIAL TYPE= A533BW 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 k 
INITIAL CRACK LENGTH= 27.4 mm a/W)i= .538 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 579 MPa 
FLOW STRENGTH= 634 MPa 
ESTIMATED YOUNG'S MODULUS= 2 0 9  GPa 

TEST TEMPERATURE= -25 DEG C 

SPECIMEN CLEAVED AT K = 63.5 MPa SQRCml (NOT VALID KIc) 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 1?.3 kJ/m*2 3-INTEGRAL= 19.3 kJIm"2 
KJc= 63.4 MPa SQRCml KJc= 63.4 MPa SQRCml 

...................... ....................... 

K-beta-c= 57.6 MPa SQRtmI 
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OWL-DUG 87-8083 
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SPECIMEN ID= 70W124 
MATERIAL TYPE= A533BW 

THICKNESS= 25 .4  mm 
TEST TEMPERATURE= - 5 0  DEG C 

" ' c  P t nr rnnni BPP- 

JGTH= 27 .6  mm a/W)i= .543  

503 MPa 
50 MPa 
; MODULUS= 210 GPa 

DELTA-A- .05  mm 

AT K = 82 MPa SQRtml (NOT VALID K I c )  

1 LOAD VALUES AT CLEAVAGE LOAD 

kJIm"2 J-INTEGRAL= 2 8 . 4  kJlm"2 
? C m l  KJc= 77 .2  MPa SQRtml 
'a SQRCmJ K-beta-c= 6 6 . 9  MPa SQRtml 

.----- ....................... 
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m a/W)i= .546  
5 mm 

14 GPa 

9 MPa SQRtml ( V A L I D  ASTM E 3 9 9 1  

VALUES AT CLEAVAGE LOAD 

J-INTEGRAL- 6 . 2  kJ/m*2 
K J c =  3 6 . 4  MPa SQRtml 

....................... 

K - b e t a - c =  3 6 . 1  MPa SQRtml 
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1 
ORNL-WG 87-8085 
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SPECIMEN ID= 70W136 
TEST TEMPERATURE- 1 2 1  DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES- 20 X 
I N I T I A L  CRACK LENGTH= 27.7 mm a/W) i= .544 
MEASURED DUCTILE DELTA-A= 5 .27  mm 
YIELD STRENGTH= 497 MPa 
FLOW STRENGTH= 550 MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD- 238.4 kJIm"2 
KJ-MAX LOAD= 218.5 MPa SQRCmI 

POWER LAW PROCEDURE 

~ I C =  1 4 0  kJIm"2 
K - J I c =  167.5 MPa SQRCml 
POWER= .5878 
COEFFICIENT= 297.6 k J/m"2 
T (AVERAGE)= 116 

------------------- 

31-R CURVE CALCULATIONS ....................... 
J (@J/T=8.81= 610 .1  kJ/m"2 
POWER= .5856 
J-MAX ALLOWED= 558.6 kJ/m"2 
(IN in D -1-1 IDI IC 

ASTM LINEAR PROCEDURE 

~ I C =  126 kJ/m"2 
K - J I c =  158.9 MPa SQRtmI 
SLOPE- 181248 kJ/m"3 
INTERCEPT= 105.3 kJ/m"2 
T (ASTM)= 120 
V A L I D ,  E813 

..................... 

COEFFICIENT= 297.2 kJ/m"2 
DELTA-A MAX ALLOWED= 2.31 mm 
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' SPECIMEN ID= 70W139 
TEST TEMPERATURE= 32 DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES= 20 % 
I N I T I A L  CRACK LENGTH= 27 .8  mm a/W) i= . 5 4 7  
MEASURED DUCTILE DELTA-A= 8.66 mm 
YIELD STRENGTH= 533 MPa 
FLOW STRENGTH= 590 MPa 
ESTIMATED YOUNG'S MODULUS= 205 GPa 

SPECIMEN D I D  NOT CLEAVE, J-MAX LOAD- 157 .1  kJ/m"2 
KJ-MAX LOAD- 179.6 MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  136.7  kJ/m"2 J I c =  121.9 kJ/m^2 
K - J I c =  167.6 MPa SQRCml K - J I c =  158.2 MPa SQRCml 
POWER= .5089 SLOPE= 153250 kJ/m"3 
COEFFICIENT= 268.3 kJ/m"2 INTERCEPT= 106 .1  kJIm"2 
T (AVERAGE)= 83 T (ASTM)= 9 0  

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS 
e. 

J 
Pf 
J- 
RI 

...................... 
(@J/T=8.8)= 456.4  kJ/m^2 

3WER= .5277 COEFF I C  I EN' 

ZURVE INVALID, 3 
-MAX ALLOWED= 599.9 kJlm"2 DELTA-A MA: 

T= 268.3  kJ/m"2 
X ALLOWED= 2 .3  rnm 
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MOD I F  I ED -ERNST J - I N T E G R A L  2000 
n - - A J ( 8 . 8 * T a v g I  JIC(E-813) 

.................... ~ ......... OFFSET L I N E S  J I C ( P b d R  L A W )  N < 

ORNL-DWG 87-8088 
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SPECIMEN ID= 70W140  
MATERIAL TYPE- A5338W 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 27.5 mm a/W)i= .541 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 6 9 1  MPa 
FLOW STRENGTH= 753 MPa 
ESTIMATED YOUNG'S MODULUS= 214 GPa 

TEST TEMPERATURE= -125 DEG C 

SPECIMEN CLEAVED AT K I c =  3 6 . 9  MPa SQRCml (VALID ASTM E3991 ~ 

VALUES AT MAXIMUM LOAD ...................... 
J- I NTFGRal = CT ~ 3 k .1/mh7 
KJc= 
K-bet  

--.-. .- - _ _  . ~ - -  ... - 
3 6 . 7  MPa SQRCml KJc= 36.; 
a-c- 3 6 . 4  MPa SQRCmI K-beta-c 
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SPECIMEN ID= 71W101 
TEST TEMPERATURE= 12 
THICKNESS= 25.4 mm 
SIDE GROOVES= 20 k 
INITIAL CRACK LENGTH= 

DEG C 

28.2 mm a/W)i= .555 
MEASURED DUCTILE DELTA-A= 2.94 mm 
YIELD STRENGTH= 492 MPa 
FLOW STRENGTH= 546 MPe 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 165.7 kJ/mA2 
KJ-MAX LOAD= 182.2 MPa SQRCmI 

POWER LAW PROCEDURE 

~ I C =  102.3 kJ/m*2 
K-JIc= 143.1 MPa SQRCmI 
POWER= .5005 
COEFFICIENT= 207.3 kJ/m*2 
T (AVERAGE)= 74 

------------------- 

JI-R CURVE CALCULATIONS ....................... 
3 (@J/T=8.8)= 357.5 kJ/m*2 
POWER= .5131 
J-MAX ALLOWED- 554.2 kJ/m*2 
RCURVE INVALID, 1 2 3 

CSSTM LINEAR PROCEDURE 

JIc= 7 9 . 5  kJ/m*2 
K-JIc= 126.2 MPa SQRCmI 
SLOPE= 126247 kJ/mh3 
INTERCEPT= 70.3 kJ/mn2 
T CASTMI- 85 
VALID, E813 

..................... 

COEFFICIENT= 202.1 kJ/m*2 
DELTA-A MAX ALLOWED= 2.26 mm 
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SPECIMEN ID= 71W108 
MATERIAL TYPE= A533BW 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 4s 
I N I T I A L  CRACK LENGTH= 27.7 mm a/W) i= .544 
MEASURED DUCTILE DELTA-A= . 0 5  mm 
YIELD STRENGTH= 622 MPa 
FLOW STRENGTH= 679 MPa 
ESTIMATED YOUNG'S MODULUS= 211 GPa 

TEST TEMPERATURE= - 7 0  DEG C 

SPECIMEN CLEAVED AT K = 65.1 MPa SQRCmI (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 20.1 kJ/m"2 J-INTEGRAL- 20.1 kJYm"2 
KJc= 65.2 MPa SQRCml KJc- 65.2 MPa SQRCml 
K-beta-c=  59.9 MPa SQRCmI K-beta-c*  59.9 MPa SQRCmI 

...................... ....................... 
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SPECIMEN ID= 7 1 W l l l  
MATERIAL TYPE= A533Bb 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 96 
I N I T I A L  CRACK LENGTH= 27.5 mm a /W) i=  .542 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 579 MPa 
FLOW STRENGTH= 635 MPa 
ESTIMATED YOUNG’S MODULUS= 209 GPa 

TEST TEMPERATURE= -30 DEG C 

SPECIMEN CLEAVED AT K = 80.3 MPa SQRCmI (NOT VALID K J c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL= 2 7 . 1  kJ/m”2 J-INTEGRAL= 27.1  kJ/mh2 
KJc= 75.3 MPa SQRCml KJc= 75.3 MPa SQRCml 
K-beta-c=  65 MPa SQRCml K-beta-c=  65 MPa SQRCmI 

...................... ....................... 
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SPECIMEN ID- 71W116 
MATERIAL TYPE= A533BW 

THICKNESS- 2 5 . 4  mm 
SIDE GROOVES- 0 X 
INITIAL CRACK LENGTH= 2 7 . 7  I 

YIELD STRENGTH= 622 MPa 
FLOW STRENGTH= 679 MPa 
ESTIMATED YOUNG'S MODULUS= 

TEST TEMPERATURE= -70 DEG C 

MEASURED DUCTILE DELTA-A= . I  

SPECIMEN CLEAVED AT KIc- 6 1  

VALUES AT MAXIMUM LOAD 

J-INTEGRAL= 15.7 kJ/mh2 
KJc- 5 7 . 4  MPa SQRCml 
K-beta-c= 5 4 . 2  MPa SQRtmI 

...................... 

a/W)i= . 5 4 4  mm 
05 mm 

2 1 1  GPa 

. 9  MPa SQRCml (VALID ASTM €399) 

VALUES AT CLEAVAGE LOAD ....................... 
J-INTEGRAL= 15 .7  kJ/mh2 

K-beta-c= 5 4 . 2  MPa SQRCml 
KJc= 57.6 MPa SQRCml 
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SPECIMEN ID= 71WllP 
TEST TEMPERATURE= 204 DEG C 
THICKNESS= 25.4 mm 
S I D E  GROOVES= 20 Y 
I N I T I A L  CRACK LENGTH= 27.8 mm a /W) i=  .546 

2.34 mm 

I 196 GPa 

MEASURED D U C T I L E  DELTA-A- 
Y I E L D  STRENGTH= 470 MPa 
FLOW STRENGTH= 527 WPa 
ESTIMATED YOUNG'S MODULUS= 

SPECIMEN D I D  NOT CLEAVE, L 
k 

POWER LAW PROCEDURE 

J I c=  106.5 kJ/m"2 
K-JIc= 144.3 MPa S Q R t m I  
POWER- -4144 
COEFFICIENT-  188.9 kJ/m' 
T (AVERAGE)= 59 

______________-----  

J I - R  CURUE CALCULATIONS ....................... 
J (@J/T=8.8)- 276.9 k J / n  
POWER= .3963 

RCURUE I N V A L I D ,  2 
J-MAX ALLOWED= 535.4 kJ/ 

I-MAX LOAD- 160.2 k J I m " 2  
:J-MAX LOAD= 177 MPa S Q R t m l  

ASTM L I N E A R  PROCEDURE 

J I c =  114.1 kJ/m"2 
K - J I c =  149.4 WPa SQRCml 
SLOPE= 77975 kJ/m"3 

'2 INTERCEPT= 105.7 kJ/mn2 
T (ASTV)=  55 
V A L I D ,  E813 

..................... 

P 2  

'm"2 DELTA-A MAX ALLOWED= 2.3 mm 
COEFFICIENT= 193.9 kJ/m"2 
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L -INTEGRA - MODIFIED ERNST J 
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SPECIMEN ID- 71W122 
MATERIAL TYPE= A533BW 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 Y 
I N I T I A L  CRACK LENGTH= 2 7 . 7  mm a/W)i= .546 
MEASURED DUCTILE DELTA-A= .09  mm 
YIELD STRENGTH= 563 MPa 
FLOW STRENGTH= 619 MPa 
ESTIMATED YOUNG’S MODULUS= 208 GPa 

TEST TEMPERATURES -13 DEG C 

SPECIMEN CLEAVED AT K = 103.2 MPa SQRCm3 (NOT VALID K I c  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAC 

J-INTEGRAL= 57 .4  k J r m ” 2  J- INTEGRAL= 57.4 kJ/m’  
KJc= 109.3 MPa SQRCml KJc= 109.3 MPa SQRtml 
K-beta-c=  79.8 MPa SQRtmI K-beta-c=  79.8 MPa SQF 

...................... ....................... 
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SPECIMEN ID= 71W123 
TEST TEHPERATURE= 288 DEG C 
THICKNESS= 25.4 mm -._- C - _ * I . C -  - A  ” 

[ m l  

A2 

J/mA2 
2.28 mm 
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SPECIMEN I D -  71W126 
TEST TEMPERATURE= 2 0 4  DEG C 
THICKNESS= 2 5 . 4  mm 
S I D E  GROOVES= 2 0  96 
I N I T I A L  CRACK LENGTH- 2 8  mm a / W ) i =  . 5 5 1  
MEASURED DUCTILE DELTA-A- 2 . 2 6  mm 
Y I E L D  STRENGTH- 4 7 0  MPe 
FLOW STRENGTH- 5 2 7  MPa 
ESTIMATED YOUNG'S MODULUS= 1 9 6  GPa 

SPECIMEN D I D  NOT CLEAVE, J -MAX LOAD= 1 6 4 . 7  k J / m A 2  
KJ-MAX LOAD- 1 7 9 . 5  W a  SQRtml  

POWER LAW PROCEDURE ASTM L I N E A R  PROCEDURE 

JIc= 1 1 8 . 2  kJ /mh2 J I c =  1 0 2 . 9  k J / m ^ 2  
K-JIc- 1 5 2 . 1  MPa SORtml  K - J I c -  1 4 1 . 8  MPa SQRCml 
POWER= . 3 5 6 2  SLOPE- 9 2 7 9 7  kJ /m"3  
COEFFICIENT= 1 9 0 . 5  k J / m " 2  INTERCEPT= 9 3 . 8  k J / m ^ 2  
T (AVERAGE)= 5 2  T (ASTM)= 6 5  

------------------- ..................... 

V A L I D ,  E 8 1 3  

J I - R  CURVE CALCULATIONS ....................... 
J ( @ J / T = 8 . 8  I =  2 6 5 . 2  k J I m - 2  
POWER= . 3 7 6 3  COEFFICIENT-  1 9 2 . 9  kJ/mh2 
J-MAX ALLOWED= 5 3 5 . 4  kJIm''2 DELTA-A MAX ALLOWED- 2 . 2 8  mm 
RCURVE I N V A L I D ,  2 
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SPECIMEN ID= 71W133 
MATERIAL TYPE= A5338W 
TEST TEMPERATURE= 0 DEG C 
THICKNESS= 2 5 . 4  mm 
cinf- rnnniirr-_ n m) 

: I C  1 

)AD 

'm"2 
r l  
iQR Cm I 

. - -  
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SPECIMEN ID= 71W134 
TEST TEMPERATURE= 1 2 1  DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES= 20 X 
I N I T I A L  CRACK LENGTH= 27.4 m m  a/W)i= .539 
MEASURED DUCTILE DELTA-A= 2.3 mm 
YIELD STRENGTH= 492 MPa 
FLOW STRENGTH= 546 MPa 
ESTIMATED YOUNG'S MODULUS= 200 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 167.4 kJ/m^2 
KJ-MAX LOAD= 183.1 MPa SQRCml 

* 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

JIc= 122.3 kJ/m"2 J I c =  108.7 kJ/mh2 
K - J I c =  156.5 MPa SQRCmI K - J I c -  147.6 MPe SQRlml 
POWER= .4516 SLOPE- 117231 kJ/m"3 
COEFFICIENT= 223.9 kJ/m^2 INTERCEPT= 97 kJ/m"2 
T (AVERAGE)= 71 T (ASTM)= 79 

------------------- ..................... 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (@J/T=8.8)= 335 .1  kJ/rnA2 
POWER= .4303 COEFFICIENT= 224.1  kJ/m"2 
J-MAX ALLOWED- 554.2 kJ/mA2 DELTA-A MAX ALLOWED- 2.34 mm 
RCURVE INVALID, 2 

I 
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I SPECIMEN ID= 71W140 
TEST TEMPERATURE= 16 DEG C 
THICKNESS= 25.4  mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 2 8 . 1  mm a /W) i=  . 553  
MEASURED DUCTILE DELTA-A= .71 mm 
YIELD STRENGTH= 5 4 7  MPa 
FLOW STRENGTH= 603 MPa 
ESTIMATED YOUNG'S MODULUS- 206 GPa 

SPECIMEN DID NOT CLEAVE, J-MAX LOAD= 139.7  kJ/mh2 
KJ-MAX LOAD= 169.7 MPa SQRtml 

POWER LAW PROCEDURE 

J I c =  154.9 kJ/mA2 
K - J I c =  178.7 MPa SQRtml 
POWER= .4434 
COEFFICIENT= 273 kJ/mA2 
T (AVERAGE)= 71 

------------------- 

J I -R CURVE CALCULA,T IONS ....................... 
J (@J/T=8.8)= 0 : kJ/mA2 
POWER- 0 
3-MAX ALLOWED= 684.2 kJ/m"2 
RCURVE INVALID, 2 3 

ASTM LINEAR PROCEDURE 

J I c =  0 kJ/m"2 
K - J I c =  0 MPa SQRtml 
SLOPE= 0 k3/mA3 
INTERCEPT= 0 kJ/mh2 
T (ASTM)= 0 
INVALID, 1 6 

..................... 

COEFFICIENT= 0 kJ/m"2 
DELTA-A MAX ALLOWED= 2 .27  mm 
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SPECIMEN ID= 71W141 
MATERIAL TYPE= A533BW 
TEST TEMPERATURE= -70 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 27.9 mm a/W) i= .548 
MEASURED DUCTILE DELTA-A= .05 mm 
YIELD STRENGTH= 622 MPa 
FLOW STRENGTH= 679 MPa 
ESTIMATED YOUNG'S MODULUS= 2 1 1  GPa 

SPECIMEN CLEAVED AT K - 68.2 MPa SQRtml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

3-INTEGRAL= 21.7 kJ/m"2 J-INTEGRAL= 21.7  kJ/m^2 
KJc= 67.7 MPa SQRtmI KJc= 67.7 MPa SQRCml 
K-beta-c=  61.6 MPa SQRtml K-beta-c=  61.6 MPa SQRtml 

...................... ....................... 
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SPECIMEN ID= 71W142 
MATERIAL TYPE= A533BW 

THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
INITIAL CRACK LENGTH= 27.7 mm a/W)i= .546 
MEASURED DUCTILE DELTA-A= . 0 5  mm 
YIELD STRENGTH= 579 MPa 
FLOW STRENGTH- 635 MPa 
ESTIMATED YOUNG’S MODULUS= 209 GPa 

TEST TEMPERATURE= -30 DEG C 

SPECIMEN CLEAVED AT K = 98.9 MPa SQRCmI (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL- 46.8 kJ/m”2 J-INTEGRAL= 46.6 kJ/m”2 
KJc= 98.8 MPa SQRtml KJc= 98.7 MPa SQRCml 
K-beta-c= 76.6 MPa SQRCmI K-beta-c= 76.5 MPa SQRCml 

...................... ....................... 
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SPECIMEN ID= 71W143 
MATERIAL TYPE= A533BW 

THICKNESS= 2 5 . 4  mm 
SIDE GROOUES= 0 % 
INITIAL CRACK LENGTH= 2 7 . 8  mm a/W)i= .548  
MEASURED DUCTILE DELTA-A- .05 mm 
YIELD STRENGTH= 566 MPe 
FLOW STRENGTH= 653 MPa 
ESTIMATED YOUNG'S MODULUS= 211 GPa 

TEST TEMPERATURE- -73 DEG C 

SPECIMEN CLEAVED AT KIc= 3 6 . 6  MPa SQRCml (VALID ASTM E3991 

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

3-INTEGRAL= 5 . 6  kJ/mh2 3-INTEGRAL= 5 . 6  kJ/m^2 
KJc= 34.3 MPa SQRCml KJc= 3 4 . 3  MPa SQRCml 
K-beta-c= 3 3 . 8  MPa SQRCml K-beta-c= 3 3 . 8  MPa SQRCml 

...................... ....................... 
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SPECIMEN ID= 71W144 
MATERIAL TYPE= A533BW 
TEST TEMPERATURE= 0 DEG C 
THICKNESS= 25.4 mm 
SIDE GROOVES= 0 X 
I N I T I A L  CRACK LENGTH= 27.4 mm a/W)i= .54 
MEASURED DUCTILE DELTA-A- .18 mm 
YIELD STRENGTH= 552 MPa 
FLOW STRENGTH= 608 MPa 
ESTIMATED YOUNG'S MODULUS= 2 0 7  GPa 

SPECIMEN CLEAVED AT K = 117 MPa SQRCml (NOT VALID K I c )  

VALUES AT MAXIMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL- 123.4 k J / m " 2  J-INTEGRAL= 125.1 k J / m " 2  
KJc= 160 MPa SQRCml KJc- 1 4 1  MPa SQRCml 
K-beta-c= 94.5 MPa SQRCml K-beta-c= 94.8 MPa SQRtml 

...................... ....................... 
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SPECIMEN ID- 71W146 
TEST TEMPERATURE- 50 DEG C 
THICKNESS- 25.4 mm 
SIDE GROOVES- 2 0  % 
IN IT IAL  CRACK LENGTH- 26.5 mm a/W)i= .522 
MEASURED DUCTILE DELTA-A- 1.45 mm 
YIELD STRENGTH= 526 MPs 
FLOW STRENGTH- 580 MPs 
ESTIMATED YOUNG'S MODULUS- 204 GPs 

SPECIMEN CLEAVED AT K - 103.3 MPa SQRtmI (NOT VALID K I c )  

VALUES AT MA%IMUM LOAD VALUES AT CLEAVAGE LOAD 

J-INTEGRAL- 155.9 kJIm"2 J-INTEGRAL- 243.7 kJ/m"2 
KJc- 178.5 MPs SQRlml KJc- 223.2 HPa SQRlml 
K-beta-c- 90.2 MPa SQRlml K-bets-c- 98.4 MPs SQRtml 

...................... ....................... 

POWER LCIW PROCEDURE ASTM LINEAR PROCEDURE 

J I c =  97 kJ/mA2 J Ic -  74.7 kJ/m"2 
K-JIc-  140.6 MPs SQRtml K-JIc-  123.5 MPa SQRlml 
POWER- .5022 SLOPE- 127794 kJNm"3 
COEFFICIENT- 201.4 kJ/m"2 INTERCEPT- 66.5 kJ/m"2 
T (AVERAGE)- 65 T (ASTMI- 78 

------------------- ..................... 

VALID, E813 

J I -R CURVE CALCULATIONS ....................... 
J (@J/T-8.8)- 341 kJ/m"2 
POWER- .5236 COEFFICIENT- 199 kJIm"2 
J-MAX ALLOWED- 589.7 kJ/m"2 DELTA-A MAX ALLOWED- 2.43 mm 
RCURVE INVALID, 2 
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SPECIMEN ID-  71W147 
TEST TEMPERATURE- 2 8 8  DEG C 
THICKNESS- 2 5 . 4  mm 
SIDE GROOVES- 2 0  X 
I N I T I A L  CRACK LENGTH- 27 .8  mm a/W 1 i- 
WEASURED DUCTILE DELTA-A= 2 . 3 1  mm 
YIELD STRENGTH- 465 MPa 
FLOW STRENGTH- 5 3 3  MPa 
ESTIWATED YOUNG'S MODULUS- 191 GPa 

547 

SPECIMEN D I D  NOT CLEAVE, J-MAX LOAD- 155.8  k J I m " 2  
KJ-MAX LOAD- 1 7 2 . 4  MPa SQRCml 

POWER LAW PROCEDURE ASTM LINEAR PROCEDURE 

J Ic -  1 0 4 . 1  kJ/m"2 J I c =  95 .9  kJ/m"2 
K - J I c -  1 4 1  MPs SQR[ml K - J I c =  135.2 MPa SQRtml 
POWER- . 3 7 0 4  SLOPE- 8 0 6 5 2  kJ/m"3 
COEFFICIENT- 174.6 kJ/m"2- INTERCEPT- 88.6 kJ/m"2 
T (AUERAGE)- 47 T CASTMI- 5 4  

------------_______ ___--________________ 

VALID, E813 

J I - R  CURVE CALCULATIONS ....................... 
J (eJ /T-8 .8) -  2 3 4 . 1  kJ/m"2 
POWER- . 3 6 7 6  COEFFICIENT= 175.9  k J/m"2 
J-MFIX ALLOWED- 5 4 1 . 1  kJ/m"2 DELTA-A MAX ALLOWED- 2.3 mm 
RCURUE INVALID,  2 
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